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Kœre Karl Johan Legård, 
  
Det er en stor opgave du har sat mig på. 
Jeg forstår godt at Viborg Kommune vil forsøge at hœve en grøn energy til 6% men i dette tilfœlde mister Kommunen også mere 
end 30 arbejdsplads i landistriktet, og et stutteri det bygget op over de sidste 30 år. Hvis dette Vindmølle project gennemføres 
hvem er da erstatnings pligtig overfor Viegård Stutteri?  
Har du brug for mere info eller tid til et besøg er du velkommen til at kontakte mig. 
  
  
  
Venlig Hilsen  
John Byrialsen 
  
p.s. Appendix 6.2 kommer senere 
  

Fra: Karl Johan Legaard [mailto:kjl@viborg.dk]  
Sendt: 28. september 2016 09:27 
Til: jacquelinelai_@hotmail.com; Viegaard Stutteri 
Cc: Anna Dorte Nørgaard; Bente Egebæk Andersen 
Emne: Vindmøller ved Låstrup 
  
Kære John Byrialsen 
  
Tak for dit høringssvar til fordebat for vindmølleplanlægning ved Låstrup. Forvaltningen behandler p.t. alle 
indkomne høringssvar, hvorefter de forelægges for Klima og Miljøudvalget.  
  
Du har inviteret os til et møde om en række relevante emner, men forinden et eventuelt møde vil vi gerne have 
belyst flere af de forhold, der kan blive berørt af vindmøller, som du og dine ansatte og tilknyttede på Viegaard 
Stutteri har fremsendt beskrivelser af. Vi håber at du vil være os behjælpelig med at belyse det bedst muligt, og at 
du vil koordinere en tilbagemelding omkring nedenstående. 
  
For at kunne vurdere konkrete afstande har forvaltningen behov for at vide, hvor stutteriet har udendørs faciliteter 
til hestene, herunder folde, ridebaner, rideruter mv. Flere skriver, at I rider i området omkring de planlagte 
vindmøller og mellem gårdene. I den sammenhæng vil vi gerne have et kort med indtegnede faciliteter og ride ruter. 
  
Tilsvarende vil vi gerne have et kort, der illustrerer de konkrete planer for en ny stadion og andre faciliteter og 
ændringer herunder forslaget til en flytning af Vievej. 
  
Flere høringssvar med reference til Viegaard Stutteri henviser til erfaringer med vindmøller andre steder uden 
konkrete angivelser af steder og dokumentation. Vi vil gerne have en samlet tilbagemelding med links eller lignende 
til konkret dokumentation eller undersøgelser fra disse steder for at kunne dokumentere dette i sagsbehandlingen:  

         Der er henvist til erfaringer med vindmøller i Tyskland. Vi vil gerne have konkrete henvisninger til 
dokumentation fra dette område. 



2

         Der er refereret til erfaringer med vindmøller i Xingjian. Vi vil gerne have konkrete henvisninger til 
dokumentation fra dette område. 

         Der henvist til, at i hele Europa tages der hensyn til ride ruter, og at flere og flere myndigheder tager hensyn 
til stutterier ved stillingtagen til  vindmølleprojekter. Vi vil gerne have henvisninger til dokumentation og 
konkrete myndighedsafgørelser? 

         Der er henvist til et stutteri, hvor vindmøller resulterede i, at man måtte opgive salg af heste. Vi vil gerne 
have en konkret henvisning til stedet og den myndighed, der har behandlet sagen.  

  
Den dokumentation, I fremsender, vil blive forelagt politikerne i forbindelse med sagsbehandlingen af 
vindmølleprojektet. 
  
Vi vil sætte pris på en tilbagemelding med de nævnte informationer inden den 12. oktober 2016, for at det kan indgå 
i den politiske behandling. Alternativt vil vi gerne have en tilbagemelding om, hvornår vi kan forvente en 
tilbagemelding. 
  
Vi vil i øvrigt tage kontakt til Aarhus Universitet Foulum med hensyn til de forsøg universitetet har og planlægger på 
Viegaard Stutteri.  
  
  
Med venlig hilsen 
 
Karl Johan Legaard 
Planchef 
 

Højreklik her for at hente billeder. For at beskytte dine personlige oplysninger har Outlook forhindret automatisk hentning af dette billede fra internettet.
http://www1.viborg.dk/signature/viborglogo.gif
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1.1  Kort over ride rute og military forhindringer og park for eventing show 
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1.2  Kort over folk for avlshopper og føl 

 

 
 

 

 

 

 

1.3  Dressur og spring bane ligger ved husene på Viegård, Damgård, Låstrupgård og 

Røgilgård. 
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1.4  Plan Viegård Stadion og Vievej 
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2. Viegård Stutteri medarbejder kan dokumentere følgende: 

 

2.1  Vedr. Tyskland får vi tilsendt documentations materiale 

Mht til afstanden mellem vindmøller og huse/ virksomhed bliver denne evalueret i hvert 

enkelt tilfœlde og afstanden varriere efter virksomhedens følsomhed overfor støj vibrationer 

og skygger 600m til 3000m er sikkerheds afstanden i Tyskland. 

 

2.2 Vedr. Polen er der 20 Maj 2016 vedtaget ny lov om afstand mellem vindmølle og beboelse 

eller gårde denne afstand skal vœre mindst 10x vindmøllens højde incl. vinger (Låstrup 

projected ville krœve minimum 1560m til hus) 

 Se venligst polsk lovgivning vedlagt. Se appendix 1.1-1.6 

 

2.3 Vedr. Scotland er der et krav på 2000m afstand. 

 

2.4 Vedr. Xinjiang Kina er der krav på 2000m afstand, se appendix 2 

 

2.5 Vi kan oplyse at alle lande vurdere det konkrete sted om der for eksempel er en lokal plan for 

ridestadion, equestrian trœningsenter, beboere avlsgård eller en arbejdesplads hvor der kan 

opstå sikkerhedsmœssige problemer, for at blåstemple en hav vindmølle park. 

 

2.6 Se Vindmølle lukker kursuscenter. Vindmølle lukker kursus og trœningsenter da bølgerne fra 

vindmølle påvirker kursister og hestene negativt. Se appendix 3.1-3.2 

 

2.7 I Californien har en heste avler mistet 6 ud af 8 føl ved abort eller hoppen ikke gav mœlk til 

føllet. Se appendix 4.1-4.4 

 

2.8 I Portugal har et stutteri tœt ved en vindmølle park fået aborte problemer og deformation af 

føllenes ben. Se appendix 5.1-5.11 

 

2.9 I Danmark har en mink avler i Vest Jylland fået deformeret mink pga vindmøller. 

 

2.10 Venligst lœs dyrlæge (6.1), forskere fra Foulum (6.2), trœnerer (6.3), professionelle rytterer 

(6.4-6.5), dansk ride forbund elite chef (6.6), dansk ride instruktør formand (6.7), Viegård 

Stutteri direktør og John Byrialsens kommentar (6.8). Se appendix 6.1-6.8 

 

2.11 Hvem vil påstå at de ikke erfarligt at ride gennem disse skygger på forskellige heste. Se video 
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Anna Dorte Nørgaard

Fra: Janne Winther Christensen <jwc@anis.au.dk>
Sendt: 11. oktober 2016 13:56
Til: Anna Dorte Nørgaard
Emne: SV: Vindmølleprojekt Låstrup
Vedhæftede filer: Forsøgskort.pptx; Borstel et al 2010.pdf; Christensen et al 2005.pdf; 

Christensen_Rundgren 2008.pdf; Dai et al., 2015.pdf; Hawson et al 2010.pdf; 
Keeling et al 1999_ISAE_abstract.pdf; Lansade et al 2007.pdf; Lansade et al 
2008.pdf; Thomas et al 2006.pdf

Kategorier: Journaliseret på 16/16628 - Lokalplan nr. 472 for teknisk område til vindmøller ved 
Låstrup samt tillæg nr. 64 til kommuneplan 2013-2025

Kære Anna Dorte 
 
Jeg vedhæfter et kort over de områder, hvor vi har lavet forsøg på Viegaard Stutteri (indenfor den røde linje). Vi har 
i de senere år været over et meget stort område, fordi vi har lavet undersøgelser af udegående hopper og føl, og de 
gik på forskellige folde omkring stutteriet. 
 
Det er desværre ikke muligt for mig at vide, hvor eventuelle fremtidige forsøg vil skulle gennemføres, dels fordi 
forskningsprojekterne afhænger helt af de opgaver, vi får ind (dvs. vi kan heller ikke forudse, om vi skal bruge føl, 
ungheste eller rideheste), og dels af stutteriets management (altså hvor f.eks. avlshopper og føl opstaldes og 
afgræsser det pågældende år). 
 
Med hensyn til hestes frygtreaktioner og risikoen for ulykker, så vedhæfter jeg en række videnskabelige artikler. Der 
er desværre ikke lavet videnskabelige undersøgelser af hestes reaktioner på vindmøller, hvorimod mange 
undersøgelser bruger pludselige lyde og bevægelser til at teste hestes frygtreaktioner (se nogle eksempler 
vedhæftet). Jeg vedhæfter også nogle artikler vedr. rideulykker (se Hawson et al, Keeling et al og Thomas et al), hvor 
ridning ifølge Danmarks Statistik ligger på en kedelig 3. plads efter håndbold og fodbold. Hvis antallet af udøvere og 
alvoren af ulykkerne tages i betragtning anses ridning som en af de farligste sportsgrene, og netop hestens 
frygtreaktioner betegnes som en af de væsentligste ulykkesårsager. 
 
Med venlig hilsen 
Janne  
 
 
Janne Winther Christensen 
Lektor 

Inst. for Husdyrvidenskab 
Aarhus Universitet 
Blichers Allé 20, Postboks 50 
DK-8830 Tjele 

Tel.: +45 87158075 
Email: jwc@anis.au.dk 

 
Tel: +45 871 56000  
Web: anis.au.dk  
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Fra: Anna Dorte Nørgaard [mailto:adno@viborg.dk]  
Sendt: 29. september 2016 11:49 
Til: Janne Winther Christensen 
Emne: VS: Vindmølleprojekt Låstrup 
 
Kære Janne Winther Christensen 
 
I jeres bemærkninger til vindmølleplanlægning ved Låstrup skriver I, at Aarhus Universitet gennemfører forskellige 
forskningsprojekter på Viegaard Stutteri.  
 
Forvaltningen behandler p.t. alle indkomne høringssvar, hvorefter de forelægges for Klima og Miljøudvalget.  
 
I den sammenhæng vil vi gerne have supplerende oplysninger om hvor på stutteriet, I gennemfører 
forskningsprojekter nu og i fremtiden, så vi kan vurdere konkrete afstande mellem eventuelle vindmøller og 
forskningsaktiviteter. I den sammenhæng vil vi gerne have et kort med en indtegning af de stalde, folde mv. som er 
udgangspunktet for forskningen.  
 
I refererer til undersøgelser og dokumentation for hestes frygtreaktioner. Vi vil sætte pris på, hvis I kan henvise os til 
relevante dele af resultater for disse undersøgelser, som relaterer sig til noget der kan minde om vindmøller.  
 
Den dokumentation, I fremsender, vil blive forelagt politikerne i forbindelse med sagsbehandlingen af 
vindmølleprojektet. 
 
Vi vil sætte pris på en tilbagemelding med de nævnte informationer inden den 12. oktober 2016, for at det kan indgå 
i den politiske behandling. Alternativt vil vi gerne have en tilbagemelding om, hvornår vi eventuelt kan forvente en 
tilbagemelding. 
 
I er meget velkomne til at kontakte mig.  
 
 
Med venlig hilsen 
 
Anna Dorte Nørgaard 
Planlægger 
 

 
 
Viborg Kommune 
Teknik & Miljø 
Plan 
Prinsens Alle 5 
8800 Viborg 
Direkte tlf.: 87 87 86 26 
 
www.viborg.dk 
Fra: plan  
Sendt: 7. september 2016 10:02 
Til: Anna Dorte Nørgaard <adno@viborg.dk> 
Emne: VS: Vindmølleprojekt Låstrup 

 
Fra: Janne Winther Christensen [mailto:jwc@anis.au.dk]  
Sendt: 6. september 2016 23:23 
Til: plan <plan@viborg.dk> 
Emne: Vindmølleprojekt Låstrup 
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Til Viborg Kommune Plan 
 
Vedhæftet fremsendes kommentar til vindmølleprojektet ved Låstrup. 
 
Med venlig hilsen 
Janne Winther Christensen 
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a b s t r a c t

Horses’ fear reactions are hazardous to both horses and human beings, but it is not clear
whether fear is influenced more by training or by other factors such as genetics. The fol-
lowing study was designed to detect differences between young, untrained (U) and older,
well-trained (T) horses of dressage (D), show-jumping (J), and mixed (M) genetic lines with
regard to intensity of reaction and ease of habituation to a frightening stimulus. In five
consecutive trials, 90 horses were exposed to a standardized fear-eliciting stimulus where
intensity and duration of the reactions were recorded. Repeated measures analysis showed
that flight reactions by J were less intense (p < 0.05) than those by D or M regardless of
Training
Genetic selection

training status or age. Habituation to the stimulus over time was not significantly (p > 0.1)
different between the disciplines, as indicated by similar slopes for all measurements, but
reaction vigour declined faster for T than for U. These findings indicate that there may be a
genetic basis for less strong, though not shorter-lasting, fear reactions in J compared to D or
M lines of horses. Research including the estimation of genetic correlations between traits

ss and
related to fearfulne

1. Introduction

Horseback riding contributes to about one-quarter of
all fatal sport injuries (Heitkamp et al., 1998), and Keeling
et al. (1999) found that as much as 27% of horse-related
accidents are due to fear reactions of the horses. Therefore,
identifying factors influencing the horses’ behaviour may
ultimately help to reduce the number of accidents.

The two main sport disciplines for which warmblood

horses are bred are dressage and show-jumping (cp.
Koenen et al., 2004) and accordingly they represent a major
part of the total English riding horse population: for exam-
ple, of all competition starts in Germany 61% and 29% are

∗ Corresponding author. Present address: Georg-August University
of Goettingen, Department of Animal Breeding and Genetics, Albrecht-
Thaer-Weg 3, 37075 Göttingen, Germany. Tel.: +49 551 39 10139;
fax: +49 551 39 5587.

E-mail address: koenigvb@gwdg.de (U.U.K. von Borstel).

0168-1591/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.applanim.2010.04.015
to performance would be required to verify this assumption.
© 2010 Elsevier B.V. All rights reserved.

in show-jumping and dressage classes, respectively (FN,
2009). Although only 32% of riders in Germany have ambi-
tions to compete at advanced or higher level competition
classes, 75% of riding-club members and 52% of riders not
associated with riding clubs follow the classical English
riding theory, i.e. dressage and/or show-jumping (IPSOS,
2001). Riders in Europe commonly believe that dressage
horses are more nervous, and thus show stronger and/or
more frequent fear reactions than show-jumping horses
(Lundin, 2005). This view is supported by Hausberger et
al.’s (2004) study, which (according to e.g. Boissy’s (1995)
or Davis’ (1998) definitions of fear and anxiety) compared
anxiousness of horses used for many different types of work
and found dressage horses to be among those with the

highest emotionality, whereas show-jumping horses were
among those with lower emotionality. Also, Heitkamp et al.
(1998) found that the risk of being involved in an accident
is approximately equal for dressage and show-jumping rid-
ers but that injuries were less severe with dressage riders

dx.doi.org/10.1016/j.applanim.2010.04.015
http://www.sciencedirect.com/science/journal/01681591
http://www.elsevier.com/locate/applanim
mailto:koenigvb@gwdg.de
dx.doi.org/10.1016/j.applanim.2010.04.015
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U.U.K. von Borstel et al. / Applied An

han with show-jumping riders. These statistics are nev-
rtheless surprising as common sense suggests that, due
o the nature of show-jumping, the risk of falling would
e much higher for show-jumping riders than for dres-
age riders. These equal numbers of accidents in the two
ports may in part be attributed to overall less time spent
iding show-jumping (one-third of the time spent riding
ressage (Heitkamp et al., 1998)) even if the rate of falling
ff is higher per unit of time spent riding. However, to
ome extent it may also be a result of dressage horses
xhibiting stronger or more frequent fear reactions than
how-jumping horses resulting in people falling off more
ften than might be expected from riding on the flat.

In the dressage discipline, horse and rider perform a
eries of figures in an arena, and the horse has to show
he gaits walk, trot, and canter as well as transitions within
nd between these gaits (Fédération Equestre International
FEI), 2006). Since the team of horse and rider is judged
ased on the harmonious appearance of their performance,
ressage horses are selected and/or trained to be very sen-
itive to the rider’s cues, so that the rider can communicate
ith the horse by minimal, ideally invisible, cues. In show-

umping, horse and rider are required to complete a course
f obstacles and, depending on the type of competition,
hey usually have to ride as error-free and/or as fast as pos-
ible. Consequently, show-jumping horses are selected and
rained to have efficient strides and good jumping skills to
nable them to jump the challenging obstacles. In contrast
o dressage, the style of the performance is not usually eval-
ated, and therefore, the communication from the rider to
he horse tends to be less subtle, its main focus being on
he immediate reaction of the horse.

Given the different demands on the horses used for
how-jumping and dressage and the low, or in some cases
ven negative genetic correlations between traits impor-
ant for the two disciplines (Brockmann, 1998), breeders
f warmblood horses often try to focus on breeding a
orse that is particularly good in either dressage or show-

umping, leading to the creation of genetic “lines” of horses
ithin one breed. To ease selection of appropriate mates

nd to enhance the breeding success, a number of Euro-
ean warmblood breeding associations (Koenen, 2002)
tarted using the now well-established BLUP (Best Linear
nbiased Prediction) method of breeding value estima-

ion. Among these horse breeding associations a few (e.g.
annoverians (Verband hannoverscher Warmblutzüchter
.V., 2003) and Swedish Warmblood (Arnason, 1987))
ombine breeding values for single traits into separate
ndices for dressage and for show-jumping merit to sim-
lify discipline-focused breeding. Traits that are considered

n the dressage index for these warmblood breeds have
igh heritabilities between 0.3 (World Breeding Federation

or Sport Horses (WBFSH), 2007) and 0.43 (Gerber Olsson et
l., 2000), and traits considered in the show-jumping index
ave moderate to high heritabilities between 0.15 (WBFSH,
007) and 0.43 (Gerber Olsson et al., 2000). These compara-

ively high heritabilities indicate that the traits in question
re under strong genetic control, demonstrating that the
ndices do reflect the animals’ genetic potential.

However, genetic selection for specific traits often leads
o physiological changes that also impact a variety of other
aviour Science 125 (2010) 124–131 125

traits. Unwanted side effects of selection for specific traits,
caused by pleiotropy or genetic linkage between traits (e.g.
associations between fearfulness and production traits in
fowl (Schütz et al., 2004)), or causal relationship between
wanted and unwanted traits (e.g. in cattle the increased
occurrences of dystocia as a consequence of selection for
increased muscle growth (Ménissier, 1977)) are well docu-
mented in farm animals, as reviewed by Rauw et al. (1998).
In the same way in horses, it may be possible that the
(genetic) selection for high sensitivity to tactile stimuli
(to ease cueing by the rider in dressage) goes along with
a lively temperament and a generally high sensitivity to
environmental stimuli, including frightening stimuli. On
the other hand, show-jumping ability is linked to muscle
composition, such that the better the horse’s performance
in show-jumping the higher the percentage of fast myosin
heavy chains (enabling fast rather than endurance action)
in the gluteus medius (Barrey et al., 1999). Possibly, these
heritable differences in muscle fibres will also impact
horses’ behaviour during other, e.g. frightening situations,
such that good jumpers will show stronger, but short-lived
fear reactions. Then again, it may be possible, that the
genetic basis of reactivity is similar in horses of dressage
and show-jumping lines within the same breed, but that
differences in training and training environment lead to an
overall decreased sensitivity, and therefore decreased reac-
tivity, in show-jumping horses and/or the development of
higher sensitivity in dressage horses.

Therefore, the objective of this research was to detect
potential differences in fear reactions with regard to
strength and habituation between trained and untrained
horses of dressage and show-jumping lines. Our hypothe-
ses were that: (i) dressage horses react more strongly to a
fright than show-jumping horses, and that (ii) these dif-
ferences are inherited rather than due to differences in
training.

2. Materials and methods

2.1. Animals

A total of 90 warmblood riding horses, consisting of
43 Swedish Warmblood (SWB) and 47 Hanoverian (HAN)
horses, of which 28 were Halfbloods (HB, i.e. having a Thor-
oughbred parent or grandparent, the remainder pedigree
being SWB or HAN), were tested, and they ranged between
one and 17 years of age. Horses that had been ridden for
more than half a year (i.e. horses older than three years)
were allocated to the treatment trained (T), while horses
with no (n = 6), less than six weeks (n = 27) or up to half a
year of riding experience (n = 9) were considered untrained
(U) as the initial training tends to be similar for dres-
sage and show-jumping horses. Mean years in training per
group are given in Table 1. Trained horses were selected
for this study only if they were, according to the owner and
to our knowledge, trained and competing (if applicable)

solely in one of the two disciplines. In addition, a horse was
considered to belong to one genetic line (D or J) if it had a
minimum breeding value of 120 index points in the respec-
tive discipline, and at least 10 points less with no more than
a total of 119 in the other discipline. For horses without own
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Table 1
Overview of horses’ distribution across locations and gender, and average years in training as well as genetic merit indices by discipline and training status.

Discipline TS Location Sex N Years in training Genetic merit index

A B C E F m g s Dressage Jumping

D T 0 3 8 3 0 3 4 7 14 5.6 ± 4.5 133.8 ± 12.6 102.6 ± 13.0
U 9 3 0 3 0 2 2 11 15 0.12 ± 0.13 126.0 ± 9.6 102.0 ± 9.4

J T 0 0 6 4 7 4 6 7 17 4.2 ± 3.6 100.1 ± 9.0 131.7 ± 7.4
U 10 0 0 2 2 2 1 11 14 0.15 ± 0.25 99.2 ± 10.8 133.5 ± 9.7

M T 0 3 5 6 3 5 5 7 17 3.7 ± 3.5 106.0 ± 14.3 101.6 ± 16.9
12

: trained

tested 5 times. The total testing time for all five trials took
less than 20 min after which the horse was returned to its
usual stable or paddock.
U 10 0 0 3 0 0 1

D: dressage, J: show-jumping, M: mixed disciplines, TS: training status (T

genetic evaluation (n = 38), the requirement was that both
its parents stemmed from a genetic line of the same disci-
pline (D or J). A pedigree breeding value was then calculated
based on the sire’s and, if available, dam’s breeding val-
ues, and the above rules were applied. These limits for the
index values ensured that horses were evaluated in one of
the disciplines higher than the average (100) plus one stan-
dard deviation (20) and statistically no more than average
in the respective other discipline. Owing to a large number
of horses with ‘mixed genetic background’ who neither ful-
filled the above criteria for categorization into group D nor
into group J, a third treatment group was created for these
animals, called mixed (M). All horses grouped into the M
category had an average genetic potential (i.e. index val-
ues deviating less than 20 points (one standard deviation)
from 100 points) in both disciplines D and J. Therefore, it
can be assumed that M represent the ‘average’ riding horse
population, rather than “all-round” horses that are highly
talented in both disciplines D and J. The total numbers of
horses per groups were 14, 15, 17, 14, 17 and 13 for DT, DU,
JT, JU, MT, and MU, respectively (Table 1).

2.2. Facilities

Trials were conducted at five different indoor riding
arenas. Each horse was tested in its home environment,
which it was familiar with from regular turnout or riding,
to ensure that novelty of the test environment did not bias
the results. The position of the horse relative to the feed
bucket (in the middle of the arena and directly in front of
the horse), the stimulus (diagonally behind the horse at a
distance of 8.5 m), the handler (diagonally in front of the
horse at a distance of approximately 1.5 m), the observer
(diagonally in front of the horse at a distance of 8.5 m) and
the video camera (behind the stimulus) remained the same
throughout all locations with all people or objects (except
the feed bucket) situated at the horse’s left side (Fig. 1).

2.3. Test procedures

Horses were equipped with a halter and a lunging line

and led by the unfamiliar handler in the arena directly to a
feed bucket containing oats. When the horse started feed-
ing, the handler quietly positioned herself approximately
1.5 m away from the horse to the front and left. After the
horse had been feeding for 20 s and when it had its head
13 0.1 ± 0.05 91.7 ± 13.8 96.8 ± 12.2

, U: untrained), m: mare, g: gelding, s: stallion, N: total number.

in the bucket, the stimulus was elicited. The stimulus con-
sisted of a black plastic bag (0.4 m × 1 m) that was quickly
moved by the observer 1 m along the floor by pulling the
string tied to it. The bag contained a small amount of sand
to give it some weight. If the horse reacted, the handler
extended the lunging line as needed, following the horse if
necessary, but otherwise remained as passive as possible so
as to minimize disturbance of the horse’s movement. This
set-up was chosen to test horses’ fear reaction in the pres-
ence of a handler, as well as a safety measure in the case
of an overreaction, even if the latter event did not occur.
The horse was given a maximum of 1 min to return to the
bucket. When a horse had taken a mouthful of food or after
it exceeded the maximum time, it was led out of the arena
where it could briefly see other horses. While the horse
was out of the arena the stimulus was returned to its orig-
inal position. The horse was then led back into the arena
and the next trial was started, and so on until a horse was
Fig. 1. Overview of experimental set-up showing the horse’s position in
relation to stimulus, feed bucket, handler and observer.
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.4. Observations

Live observations were taken by the observer and
ncluded for each trial the reaction vigour (RE), time to
esume chewing (TC), and time to resume feeding (TF).
ideo observations were taken for later analysis to validate

he original observer’s results for RE with repeated obser-
ations by the same and a second observer. This second
bserver was blind to the horses’ disciplines and training
tatus and had no previous horse experience. RE was clas-
ified into one of the following five categories of reaction
adapted from Christensen et al., 2006):

Flight: The horse jumps to the side and gallops for more
than four strides away.
Sidesteps: The horse jumps to the side and trots or gallops
away for more than two but no more than four strides
(Not as energetic as “flight”).
Alert: The horse quivers and may take up to two steps to
the side.
Head up: The horse throws its head up, stops eating but
does not move away.
None: The horse may or may not direct its attention (turn
ear and/or eye) to the stimulus but does not stop eat-
ing/chewing or lift the head in response to the stimulus.

TC was defined as the time from the eliciting of the
timulus until the horse showed first signs of relaxing the
outh and recommencing chewing motions. This variable
as chosen because chewing and licking in horses is sub-

ect to many interpretations and it occurred reliably since
he horses had been eating just before the fright, so there
ere usually oats left in the mouth.

The third observed variable was the time measured
rom eliciting the stimulus until the horse returned to the
ucket and took the first mouthful of oats (TF). The maxi-
um time allowed for the horse to return to feeding was

0 s. If a horse did not return within the allotted time, 60 s
as noted as the return-time in order to be able to include

he results into the statistical analysis.
Also, for each trial, weather conditions (temperature,

loud cover and wind) and, if applicable, abnormal events
uch as whinnying of other horses outside the arena, which
ight have distracted horses, were marked down on the

bservation sheet. Additionally, horses’ defaecations were
ecorded during the trials.

.5. Questionnaires

For each horse, a questionnaire was filled out by the per-
on most familiar with the horse (i.e. either the owner or
he principal rider). This was done to obtain information
n age, sex, pedigree, breed, discipline (dressage/show-
umping), level of performance, years/months in training,
nd the type and amount of riding, turnout and feed for
ach horse. In addition, the rider was asked to rate the

orse’s sensitivity to her/his aids, its willingness to work,

ts ease of learning, and its appetite for feed, and oats in
articular, on scales from 1 to 5. The riders were also asked
o rank their relationship with the horse on a scale from 1
o 10 to assess how well they knew the horse and if the
aviour Science 125 (2010) 124–131 127

horse was a sports-partner or more like a friend to the
rider.

2.6. Data analysis

All calculations and analyses were conducted in SAS 9.1
(http://www.sas.com/). Each of the three dependent vari-
ables (RE, TC and TF) was analysed using a mixed model
(PROC MIXED) with repeated measures over test number
(1–5), with discipline, training status, test number and,
if significant (p < 0.05), their interactions as fixed effects.
Further details about trial-specific circumstances (weather
conditions and distractions) and general horse character-
istics, management and background, as obtained from the
questionnaire, were considered as covariates in the model,
but only included if they were significant (p < 0.05). Degrees
of freedom were estimated using Satterthwaite’s formula
(Littell et al., 1996). Least square means were calculated
for individual comparisons if the main effects were signif-
icant. Linear regression (PROC REG) was used to estimate
slopes of responses over trials one to five. The slopes were
then analysed using a mixed model considering discipline,
training status, their interaction and the owner’s rating of
the horses’ learning speed (in the case of RE) or the appetite
(in the case of TC and TF) as a fixed effect.

The measurements for RE were transformed into num-
bers from one to five for the categories “none” to “flight”,
respectively, and considered a continuous variable in the
analysis as is common practice (e.g. Kestin et al., 2001;
Mason et al., 2004; Christensen et al., 2006) with this type
of variables. Since no horse exceeded the 60 s time limit
to resume chewing (TC) and on only 12 out of 225 occa-
sions was the 60 s time limit exceeded for a horse to resume
feeding (TF), the values were expressed as fractions of 60 s,
and likewise analysed as continuous variables, rather than
survival data. In addition, square root transformation was
used for values of TF to achieve normality. Pearson’s corre-
lation (PROC CORR) coefficients were calculated within and
across all three variables for the trials one to five to assess
interrelatedness.

A second ‘blind’ observer re-evaluated 24 randomly
chosen trials. Kappa statistics were calculated separately
for D and for J to test for inter-observer reliability and
potential discipline-specific bias of the original observer.
Not enough defaecations were observed to be included in
the analysis.

This research was approved by the Swedish Animal Wel-
fare Agency.

3. Results

The original observer and the validating observer agreed
above chance (weighted kappa 0.72 and 0.5, confidence
intervals 0.54–0.89 and 0.197–0.803 for dressage and
show-jumping horses, respectively), and the exact test of
symmetry did not indicate bias for either of the two disci-
plines.
3.1. Reaction vigour

D (3.42 ± 1.72 (overall mean RE score ± standard
deviation)) and M (3.42 ± 1.58) reacted more strongly

http://www.sas.com/
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Fig. 2. Mean (±SE) reaction vigour by discipline over trials. (D: dressage,
M: mixed disciplines, J: show-jumping).

(F2,75.6 = 7.38; p = 0.001) than J (2.73 ± 1.56), regardless
of training status U or T (p > 0.1) (Fig. 2). Reaction vigour
declined significantly (F4,222 = 19.29; p < 0.0001) over tri-
als one to five (p = 0.060 between two and three, and three
and four, but p = 0.993 between four and five), indicat-
ing that habituation took place. However, contrary to the
absolute strength of reaction, there were differences in
habituation to the stimulus between trained and untrained
horses (F1,88 = 6.81; p = 0.010), such that T habituated
faster than U to the stimulus, as indicated by different esti-
mated slopes (−0.51 (T) versus −0.21 (U)), regardless of
disciplines D, M or J. The only additional significant effect
in the model was distractions (F5,199 = 4.14, p = 0.007) dur-
ing the trials (on two instances when the horses insisted on
turning to face the stimulus during feeding, they reacted
more strongly (4.63 ± 0.64) than horses in other trials
when there were no (2.99 ± 0.34) distractions or other
(3.32 ± 1.18) distractions such as noise).

3.2. Time to resume chewing

There were no significant differences (p > 0.1) in
TC between disciplines (D: 2.1 ± 0.7 s; J: 2.6 ± 0.6 s; M:
2.4 ± 0.6 s), training status (T: 2.3 ± 0.4 s; U: 2.4 ± 0.6) or
their interactions. However, the effect of trial number
(one: 3.9 ± 0.48 s; two: 2.7 ± 0.48 s; three: 1.9 ± 0.48 s;
four: 1.2 ± 0.48 s; five: 2.3 ± 0.48 s) was significant
(F4,172 = 14,96; p < 0.0001) with significant differences
(p > 0.05) between all pairs of trials, except between trial
number three and four (p = 0.972).

Slopes for TC were numerically slightly negative but not,
or only tended to be significantly (D: p = 0.103; J: p = 0.120;
M: p = 0.098, T: p = 0.066, U: p = 0.086) different from zero,

and there were no differences between any of the groups
DT, DU, JT, JU, MT or MU. Horses turned out alone to pasture
and horses receiving more weekly turnout took longer to
resume chewing than horses turned out in company with
other horses or horses receiving less turnout, respectively
Fig. 3. Mean (±SE) time to resume feeding by discipline (D: dressage, M:
mixed disciplines, J: show-jumping; different letters denote statistically
significant differences between groups at p < 0.1).

(both p < 0.05). In addition, horses rated by their owners to
be faster learners or to have lower appetite, took longer to
resume chewing than those horses rated to be slower learn-
ers or to have larger appetite, respectively (both p < 0.05).

3.3. Time to resume feeding

The effect of discipline on time to resume feeding
tended to be significant (F2,44 = 2.73; p = 0.076) with J
(14.1 ± 3.3 s) taking significantly (p = 0.037) less time to
resume feeding than D (26.7 ± 5.1 s); however, neither D
(p = 0.257) nor J (p = 0.105) was significantly different to
M (18.5 ± 3.2 s; Fig. 3). In addition, horses receiving higher
rather than lower amounts of concentrate returned more
quickly (p = 0.020) to feeding, horses ridden more often (up
to 7 times/week) had shorter latencies to resume feeding
than horses ridden less often (p = 0.026), and horses with
higher Dressage index values took longer to return to feed-
ing (p = 0.004). However, the effect of trial number was not
significant (p > 0.1), and slopes were not significantly (D:
p = 0.705, M: p = 0.963; J: p = 0.779, T: p = 0.622, U: p = 0.594)
different from zero (nor from each other) indicating that
there was no significant habituation in TF in any of the
groups.

3.4. Correlations between variables

Within each of the three variables RE, TC, and TF, mea-
surements for all trials (1–5) were positively correlated
(p < 0.05) with each other, indicating that horses with a
stronger reaction in one trial also tended to show stronger
reactions in the other trials. In addition, within each trial
(1–5) TC showed significant, positive correlations (p < 0.05)
with the values of RE and TF of the same trial, with the
exception of the second trial, in which the correlation
between TC and RE was not significant. However, correla-
tions between RE and TF were non-significant for all trials.

RE and TF, but not TC, showed significant negative corre-
lations with a horse’s show-jumping index points: Pooling

data of all D, J and M horses, the correlation of show-
jumping index points with mean RE was −0.24 (p < 0.0001;
Fig. 4); however when considering the disciplines sepa-
rately, this correlation was significant only for M (−0.20;
p = 0.029), but not significant for D or J (both p > 0.1).
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ig. 4. Scatterplot showing the relationship between horses’ show-
umping index points and average reaction vigour score by disciplines
D: dressage, M: mixed disciplines, J: show-jumping).

imilarly, the overall correlation of show-jumping index
oints with TF was −0.162 (p = 0.017), but when consider-

ng the disciplines separately, it was only significant for D
−0.297, p = 0.036). Neither RE, nor TF or TC were signifi-
antly (p > 0.1) correlated with the dressage index points.

. Discussion

The results of the present study confirm the impression
mong many riders that dressage horses are more easily
cared than show-jumping horses. However a careful anal-
sis including horses with mixed genetic lines shows that in
eality it is the show-jumping horses that are reacting sig-
ificantly less than other groups of horses, not that dressage
orses are reacting more. This difference likely is a genetic
ffect since the difference was apparent in both trained and
ntrained horses. Further confirmation of the genetic effect
f reduced fear reactivity in the show-jumping lines comes
rom the significant, negative correlations between the
enetic potential for show-jumping and the behavioural
esponses to the stimulus. Correlations between horses’
ehaviour in learning tests and later, phenotypic per-
ormance in show-jumping have also been observed by
isser et al. (2003), providing additional evidence of a link
etween show-jumping and behaviour traits. There were
o such correlations in the genetic potential for dressage.
he rate at which horses of the different lines habituated
o the stimulus, i.e. the reduction in the intensity of their
eaction, differed between T and U, but not significantly
etween disciplines, implying that the older, trained, and
herefore more experienced horses learned faster irrespec-
ive of their type of training (D or J).
.1. Reaction vigour

The clear decline of reaction vigour over repeated tri-
ls as observed in the present study is in accordance with
aviour Science 125 (2010) 124–131 129

established research on habituation to fear stimuli (e.g.
Christensen et al., 2006) and, together with the acceptable
inter-observer agreement in these observations, indicates
that our categories for this measurement are valid and use-
ful. Also, average reaction scores were in the same range as
reported by Christensen et al. (2006) using a very similar
scale. This may further support the validity of this type of
measure, although comparisons across these studies may
not be appropriate due to differences in the experimental
set-up. For example, in the present study, but not in the
study of Christensen et al. (2006), all horses visually per-
ceived the stimulus mostly with their left eye, and it has
been shown (e.g. in poultry by Andrew et al., 1980) that the
perception or processing of fear stimuli differs between the
left and right hemisphere of the brain.

Results for the behavioural measurements are in accor-
dance with Hausberger et al.’s (2004) findings of higher
levels of anxiety in dressage compared to show-jumping
horses. (Although the terms anxiety and fear describe fun-
damentally different traits (e.g. Davis, 1998), anxiety is
closely related to fear such that more aroused (e.g. anxious)
animals are likely to show stronger startle and fear reac-
tions than less aroused individuals (e.g. Brown et al., 1951).)
Since the differences in fear reactivity between D and J
in our study existed already in horses not yet subjected
to discipline-specific training, differences are likely inher-
ited rather than achieved through training. However, given
that the intensity of the reaction by M and D were similar,
and M correspond to average riding horses, it appears that
J have weaker than average fear reactions rather than D
having stronger than average fear reactions. This implies
that selection for increased sensitivity in dressage horses
is either not taking place, or the sensitivity to riders’ cues is
(genetically) unconnected to general sensitivity that would
result in increased fear reactions. The latter is supported
by Lansade et al.’s (2008) findings that horses’ reactions
to two stimuli each acting on a different sense (e.g. a tac-
tile and a visual stimulus) are not necessarily correlated
on the phenotypic scale. In contrast, it appears that horses
genetically specialized in show-jumping are less reactive
than horses with no such specialization. This is further sup-
ported by the negative correlations of the show-jumping
(but not dressage) index points with reaction vigour and
time to resume chewing, indicating that the greater the
genetic potential for show-jumping ability, the lower the
horse’s fear reaction. A potential causal factor could be that
good show-jumping ability requires boldness (i.e. a general
lack of fear) of the horse in order to attempt and clear high
fences.

4.2. Time to resume chewing

Time to resume chewing was originally considered a
measure of the time to calm down, as it was hypothesised
that recommencing chewing would indicate the point in
time at which the horse’s attention was no longer directed

exclusively towards the stimulus, but also to the remaining
feed in its mouth. However, the divergent results between
reaction vigour and time to resume chewing suggest that
either the above assumption is incorrect or that TC is a
measure of the horse’s general attention span and/or feed-
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ing motivation, unrelated to fearfulness. Alternatively, TC
may indicate whether the horse has a more active or a
more passive coping style with regard to stress (cp. e.g.
Wechsler, 1995). Lastly, TC may also be related to acute
stress, such that horses (similarly to human beings (e.g.
Garrett, 1987)) experience a dry mouth as a consequence of
the activation of the sympathetic adrenal medulla system
and suppression of anabolic processes such as digestion
including changes in saliva production.

4.3. Time to resume feeding

Although less straightforward than with the reaction
vigour, measures of TF also point to a genetic basis for
weaker fear reactions in J compared to D. However, it is
surprising that latency to feed correlated with TC but not
with RE. Time to resume feeding has been successfully used
to indicate fear in other species, for example, by Boissy
and Bouissou (1995) in Holstein heifers, and Christensen
et al. (2005) observed reduced feeding in horses during
presentation of novel stimuli. On the other hand, TF is
likely also correlated to distance moved, and this was not
related to anxiety in horses as assessed by horse’s care-
takers (Momozawa et al., 2003). However, this incomplete
agreement between the outcomes of the different variables
may be due to different motivational systems involved in
the measures of TF and TC (both feeding motivation and
fear) and RE (presumably mostly fear). Oats are generally
highly palatable to horses, so feeding motivation may have
been stronger than fear motivation in the present study
compared to animals in other studies such as the cows in
Boissy and Bouissou’s (1995) study. Although, controlling
for the horse’s general appetite, or its liking of oats as rated
by the owner, did not influence TF measures.

Not surprising is the negative correlation between
amount of riding and latency to feed, as a larger workload
may both lead to a larger appetite, as well as reduced fear
due to more frequent exposure to diverse stimuli. Positive
effects of increased turnout time on abnormal behaviour of
dressage horses were also noted by McGreevy et al. (1995)
who found reduced occurrences of stereotypic behaviour
with increasing time spent out of the stable. The fact that
the horses receiving more concentrate feed on a daily basis
also appeared to be more motivated overall to feed may
be explained by these horses requiring larger amounts of
feed.

Although age and training were confounded, it is dif-
ficult to avoid in an experiment under field conditions
because almost all riding horses start their training around
the age of three. This is unfortunate as generally, younger
horses are thought to be more fearful than older animals
(e.g. Grzimek, 1944). Surprisingly, though this was not
confirmed by our measures of TF (nor RE) with U not tak-
ing significantly longer than T to resume feeding. Then
again, a number of other studies regarding horses’ fear
reactions (e.g. Hausberger et al., 2004; von Borstel, 2008)

failed to detect any significant age effects, indicating that
age-related factors such as experience, exercise level and
health may actually be more important than age alone. The
lack of significant habituation as assessed by TF may possi-
bly be the result of increased satiation leading to lowered
aviour Science 125 (2010) 124–131

feeding motivation over successive trials, counteracting the
decreased fear reaction.

5. Conclusions

Results of the present study indicate that the unexpect-
edly low numbers of accidents with show-jumping horses
may indeed be to some extend the consequence of lower
than average fear reactions in show-jumping horses and
that these differences are predominantly due to genetic
differences. However, before beginning genetic selection
for low reactivity, careful investigations are needed with
regard to other, potentially unwanted side effects of low
fearfulness such as a less desirable temperament. One
immediate implication of the present findings is, how-
ever, that in the interest of safety, leisure riders should be
recommended to select horses with high genetic merit in
show-jumping.
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Abstract

Responses of horses towards fear-eliciting stimuli can have important consequences for both

human and horse safety. This experiment was designed to investigate behavioural and heart rate (HR)

responses of horses to novel visual, auditory and olfactory stimuli. Twenty-four 2-year-old,

previously unhandled, stallions were habituated to receive a food reward from a container in a test

arena. Each horse was exposed to three 2 min tests in a balanced design where in addition to the feed

container, either a traffic cone (visual test), white noise (auditory test) or eucalyptus oil applied to the

inside of the container (olfactory test) were used as the novel stimuli. Compared to the control, less

time was spent eating during all tests. There was no difference in locomotion activity in the different

test situations, but presentation of the novel visual and auditory stimuli elicited significantly

increased HR responses in the horses, compared to their response to the arena without novel stimuli

(control), whereas there was no increase in HR response to the olfactory stimulus. However, during

the olfactory test, the horses had an increased number of eating bouts and became more vigilant

towards their surroundings, whereas during the visual and auditory tests, more time was spent alert

towards the stimulus. The horses also took significantly more steps backwards in response to the

auditory test. The heart rate responses correlated between tests and reflect a non-differentiated
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activation of the sympathetic nervous system, while the behavioural responses were linked to the type

of stimulus.

# 2005 Elsevier B.V. All rights reserved.

Keywords: Horses; Novelty responses; Fear; Behaviour; Heart rate

1. Introduction

The appropriate response of a horse towards a potentially dangerous stimulus has been

important to its survival through millions of years in the wild and domestic horses respond

to perceived threats and novelty in much the same way as their wild ancestors. For instance,

horses tend to react with a rapid flight response when alarmed and to avoid potentially fear-

eliciting situations in general, e.g. they do not approach threatening stimuli and they tend to

respond nervously to novelty in a known environment. Responses towards novelty have

often been used in tests of fearfulness or emotionality in animals (Gray, 1987; Boissy,

1995). Novel object tests have been applied to a wide variety of animal species from

rodents, to poultry, fish, carnivores and prey animals (e.g. Hemsworth et al., 1996;

Malmkvist and Hansen, 2002; Meehan and Mench, 2002; King et al., 2003; Sneddon et al.,

2003). Like other prey species, the horse’s sensory systems have adapted to facilitate early

detection of danger (Saslow, 2002). Horses probably use a combination of visual, auditory

and possibly olfactory cues for detection of danger. Currently, we have little knowledge of

how horses respond to potentially fear-eliciting situations, which act on their different

senses.

In contrast to predators, where exploration is an important part of localising food, the

survival of many prey species in their natural environment is less dependent on the

tendency of the animal to explore. Responses in novel object tests, therefore, may reflect

exploratory motivation, fearfulness or simply that the animal is not interested in the

object. In order to be able to interpret responses, it is required that the animal under study is

motivated to approach the test object, for instance through the use of positive

reinforcement (e.g. food or social partners), thereby creating a motivational conflict

between avoiding the novelty and approaching the reward (e.g. Boissy and Bouissou,

1995; Désiré et al., 2003).

In prey species, it is especially likely that responses to suddenness are stronger

than responses to novelty per se, due to similarities with moving predators. In this

experiment, we separate novelty from suddenness, focussing only on the effects of

novelty in a known environment. This is in contrast to previous studies of novelty

responses in horses, which have included exposure to a combination of novelty and

suddenness (e.g. Visser et al., 2001, 2002; Momozawa et al., 2003).

It is hypothesised that exposure to novelty causes the emotional state fear, which may

be reflected in changes in behaviour, an increase in heart rate and neuroendocrine

changes. The body has two principally different pathways of reaction to perceived

danger: the immediate reaction of the sympathetic nervous system and the slower

endocrine secretion of cortisol (Guyton and Hall, 1997). Sympathetic stimulation

increases both the rate and force of contraction of the heart, preparing the organism for
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flight. Although behaviour and heart rate responses are often linked, they may also

occur separately. The aim of this study was to investigate this interrelationship in

different test situations. The present experiment was designed to explore: (i) whether

horses show different behavioural responses to novel visual, olfactory and auditory

stimuli under standardised conditions; (ii) whether behavioural responses reflect heart

rate responses; (iii) whether behavioural and heart rate responses are correlated between

tests.

2. Materials and methods

2.1. Animals and housing

A total of 24, 2-year-old Danish Warmblood (Equus caballus) stallions from a large

stud were used in this study. Three breeding stallions sired the colts, of which the

majority were born at the stud, others were purchased after weaning at six months of age.

All colts were kept on pasture with the dam before weaning and were subsequently

housed in large groups in straw-bedded boxes with access to outdoor areas during the

winter. The colts received a minimum of handling, only for necessary veterinary or

farrier treatment. During the summer (May–October), the colts were pastured in a large

enclosure (30 ha) with hills, natural vegetation and access to an inlet, which also served

as their water source. The horses received no additional feed or minerals during the

summer period.

2.2. Experimental design

Within the 30 ha enclosure, a smaller capture enclosure (1 ha) contained a fenced

waiting area (50 m2). Next to the waiting area, a start box (2.5 m2) and a test arena (10 m in

diameter) were constructed out of straw bales (1.2 m � 1.2 m � 2.4 m) in two layers,

making the height of the walls of the arena 2.4 m (Fig. 1). The set-up enabled the horses to

hear, but not see their group mates during the tests. The arena was equipped with a feed

container, placed opposite the entrance, with a mixture of alfalfa and the horses’ usual

winter feed (oat, barley, soybeans, minerals and molasses). The ground in the arena was

covered with a thin layer of wood shavings.

2.2.1. Habituation

Prior to the experiment, the stallions were habituated to being isolated and receiving a

food reward inside the arena in a gradual, step-wise approach (Table 1). Most horses (75%)

passed directly through the three habituation steps, whereas six horses needed more than

one trial on one or more of the steps (up to four trials on a step). When a horse met the

habituation criteria, it was not exposed further to the test arena until the rest of the horses

were habituated. The day prior to a test, all horses were again exposed to the arena,

ensuring that all horses fulfilled the habituation criteria and to standardise the time interval

between last exposure to the arena and the test.
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2.2.2. Tests

The horses were exposed to three 2 min tests in a balanced design where, in addition to

the feed container, a visual, an auditory or an olfactory stimulus was presented. Prior to the

visual test, a 75 cm high, orange traffic cone with two reflective bands was placed 1 m in

front of the feed container, forcing the horse to pass the stimulus in order to approach the

food. During the auditory test, a novel sound (white noise, 10–20,000 Hz, 60 dBA) was

played from a CD player, hidden behind the feed container. For the olfactory test,

eucalyptus oil was applied to the edges and the inside of a similar feed container, which was

used for this test only. The horses were tested in two blocks of 12 horses. Between test days,

the horses were exposed to the usual arena without novel stimuli (control). The experiment

was carried out in August and September 2003, during which the average temperature was

approximately 20 8C. Testing on days with heavy rain, wind or other extreme weather

conditions was avoided.

The behavioural variables described in Table 2 were recorded using a handheld

computer (Workabout, PSION PLC, UK). The observer sat quietly on top of the straw

wall next to the start box during all exposures. Subsequently, the data were transferred

J.W. Christensen et al. / Applied Animal Behaviour Science 93 (2005) 53–6556

Fig. 1. Diagram of the test arena, start box and waiting area.
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Table 1

Habituation procedure

Training session Procedure Note

1. Identification and

3-step introduction

to arena

The horse is caught, identified using ID

cards and fitted with a coloured ring in the

mane for recognition

A varying number of

horses (2–12) were

introduced daily due

to their varying

willingness to be

caught and led

The handler leads the horse directly to

the feed container inside the arena

and offers it feed. The horse is led

around in the arena once and is offered

feed again before returning to visual

contact with the other horses. The

horse is led to the arena again, the

observer closes the door and the same

procedure as above is carried out.

During the third entry, the horse

is allowed to run loose for 2 min,

while the handler stands by

the feed container. The horse is caught

and led to the feed container, if not

already there, whereupon it returns

to the group

2. Habituation, step 1 The horse is led to the feed container

inside the arena, the door is closed,

the handler releases the horse

and stands by the feed

container for 2 min. The horse

is caught and returns to visual

contact with the group

A step is passed when

the horse stands and eats

from the feed container

for a period of 30 s during

the 2 min exposure. Upon

passing a step, the horse

carries on to the next step,

whereas a failed horse

carries on with the same step,

until the criterion is reached.

A maximum of five trials

were allowed per horse per

day. On the next day, a horse

started on the last passed step

3. Habituation, step 2 The horse is led to the feed container inside

the arena, the door is closed, the

handler releases the horse and leaves

the arena for 2 min. The handler returns,

the horse is caught and returns to

visual contact with the group

4. Habituation, step 3 The horse is led to the start box in

front of the arena while the arena

door is closed. The handler releases

the horse, the observer opens

the door and the horse is free to enter the

arena. When inside, the arena door is closed

and the horse is left alone inside the arena

for 2 min. The handler enters, the horse

is caught and returns to the group.

If no eating occurred

during the 2 min, the

handler led the horse to

the feed container and

offered it feed before

leaving the arena. An

observer was always present

on top of the arena wall

next to the door, habituating

the horses to the presence

of an observer



from the PSION to a PC, using the software PSION Manager, Version 1.1. Heart rate

(HR) was recorded with Polar Vantage (Polar Electro OY, Kemple, Finland), which

consisted of an electrode belt with a built-in transmitter and a wristwatch receiver. Water

and exploratory gel were used to optimise the contact between electrode and skin. The

HR monitoring equipment was fitted on the horse in the waiting area prior to testing and

the receiver stored data from the transmitter (every 5 s). Subsequently, data were

downloaded via a Polar Interface to a PC, using the software Polar Precision

PerformanceTM SW 4.

2.2.3. Test procedure

The 12 horses of a particular block were caught and led into the waiting area prior to

testing and stayed there until all horses had been tested. Hay and water were available in the

area. The rest of the group was kept inside the 1 ha capture enclosure next to the waiting

area, ensuring proximity of the entire group during the tests. The test horse was fitted with

HR equipment and led to the start box by a handler with whom the horses became familiar

during the initial habituation training. After approximately 1 min, the arena door opened,
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Table 2

Ethogram of recorded behaviours

Behaviour Definition

Duration (s)

Stand Standing relaxed, head and neck relaxed

Walk Walking, energetically or relaxed

Canter/trot Cantering or trotting

Alert food Vigilant with elevated neck, with or without tail elevation,

head and ears oriented towards food container/novel stimulus, standing or walking

Alert other As above, but with head and ears oriented in other directions

Investigate food Neck horizontal or lower, head and ears oriented towards food

container/novel stimulus, standing or walking

Investigate other As above, but with head and ears oriented in other directions,

includes touching and manipulating arena walls or ground

Investigate cone As above, but with head and ears oriented towards the cone

Touch cone Touching or manipulating the cone

Sniff food Head within 1 m of food container, neck horizontal or lower, clear

exhalations from nostrils

Eat food Chewing the food; the head may be lifted from the food container

for short periods while chewing continues

Frequency

Eat bout Eating after pauses of more than 5 s were recorded as a new bout

Nicker Low amplitude call of long duration

Whinny High amplitude call of long duration that fluctuates in frequency

Snort Short powerful exhalations from nostrils

Back Stepping backwards (minimum two steps)

Flehmen Head elevated and neck extended, upper lip curled (olfactory investigation)

Paw bout Striking the ground or air with a forelimb, pawing after pauses

of more than 5 s were recorded as a new bout

Defecation Elimination of faeces

Urination Elimination of urine



allowing the horse to enter the arena. After the test, the horse was caught by the handler and

led back to the waiting area where the HR equipment was removed. After each test,

defecations were removed from the arena and extra feed added to the container, if

necessary. The test order was the same during all test and control days.

2.3. Data analysis

Latencies, frequencies and time spent on different behaviours were calculated

in SAS 8.0 (http://www.sas.com/). Behaviours, which were observed in less than three

horses, were excluded from further analysis, i.e. defecation, urination, flehmen and all

vocalisations (nicker, whinny and snort). The order in which the horses received the

tests was balanced between horses and block and was not considered further in the analysis.

Preliminary tests showed that there was no effect of horse on the initial HR (before the

tests), probably due to the similar age, breed and exercise level of the horses, making it

unnecessary to correct for individual differences in initial HR. Thus, the analysis was

carried out on data for average HR (reflecting the shape of the HR curve; HR_avg) and

maximum HR (reflecting the immediate response of a horse towards the test stimulus;

HR_max) during the tests. Likewise, preliminary analysis showed that there were no

significant differences in behaviour and HR responses between the control days, indicating

that there was no carry-over effect from the different test situations and no trend to

increasing or decreasing HR during the course of the experiment. Thus, an average for each

horse from all control exposures was used as control data in the analysis. The HR data were

analysed using Mixed Models in SAS estimating degrees of freedom using Satterthwaite’s

formula (Littell et al., 1996) with test (n = 4), sire (n = 3) and their interaction as fixed

effects and animal within block within test as a random effect. The model was reduced if

terms were not significant (P > 0.05). The response variables were HR_avg and HR_max.

Due to skewed distributions and non-constant variances of the behaviour data, these

were analysed for effect of test, block and sire separately by Friedman Repeated Measures

Analysis of Variance on Ranks, using SigmaStat 3.0 (http://www.spss.com/). All horses,

except one horse in the auditory test, approached and ate from the feed container within the

test period of 2 min. However, this horse did approach and eat from the container before the

handler entered the arena after the end of the test period. It was, therefore, considered

unnecessary to treat the latency data as censored values. One horse reared during the

olfactory test, which was its first test and the test was stopped due to risk of injury. The

horse had previously reacted with this type of behaviour during the initial handling, but did

not respond with rearing during the habituation, nor in any of the subsequent tests.

However, the Repeated Measures ANOVA on Ranks does not allow for missing data in a

balanced design and the horse had to be deleted from the analysis. Thus, this part of the

analysis was carried out on n = 23 horses.

Correlations between variables within tests and correlations between tests were carried

out by Spearman rank-order correlations (coefficients denoted as rs). Technical problems

with the heart rate equipment caused a loss of data in the first block and the correlations

between tests were thus based upon smaller sample sizes (n = 16, 13 and 11). Due to the

low occurrence of many behavioural variables, some related behaviours were grouped (all

behaviours related to focussing on ‘other’ or ‘food’; Table 3).
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3. Results

3.1. Responses to the different test stimuli

All test stimuli resulted in reduced eating time and increased investigation (investigate

food, cone or other features of the arena) compared to the control situation. The number of

animals, which showed the different behaviours in the respective test situations, medians

(25, 75% quartiles) and the test statistics are shown in Table 3. The latency to eat was
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Table 3

Number of animals (out of 23) showing the behaviour in each test and median [25, 75% quartiles]

Behaviour Control Visual Olfactory Auditory Chi-square P-value

Stand 9 1 4 3

(s) 0 [0, 0.4] 0 [0, 0] 0 [0, 0] 0 [0, 0] 6.33 0.097*

Walk 23 23 23 21

(s) 8 [7, 9] 6 [3, 9] 8 [7, 9] 7 [4, 9] 9.95 0.019*

Canter/trot 3 4 4 4

(s) 0 [0, 0] 0 [0, 0] 0 [0, 0] 0 [0, 0] 1.52 0.677

Alert food 1 9 1 13

(s) 0 [0, 0] 0 [0, 5] 0 [0, 0] 2 [0, 10] 21.25 <0.001**

Alert other 6 8 10 8

(s) 0 [0, 0] 0 [0, 4] 0 [0, 7] 0 [0, 3] 5.45 0.142

Investigate food 2 6 11 14

(s) 0 [0, 0] 0 [0, 2] 0 [0, 6] 2 [0, 5] 19.24 <0.001**

Investigate other 13 5 10 7

(s) 0 [0, 1] 0 [0, 0] 0 [0, 5] 0 [0, 3] 3.79 0.285

Investigate cone 21

(s) – 6 [2, 13] – – – –

Touch cone 3

(s) – 0 [0, 0] – – – –

Sniff food 2 0 10 2

(s) 0 [0, 0] 0 [0, 0] 0 [0, 6] 0 [0, 0] 20.73 <0.001**

Eat food 23 23 23 22

(s) 105 [103, 107] 97 [85, 104] 92 [76, 105] 95 [75, 105] 20.85 <0.001**

Eat bout 23 23 23 22

(freq) 1 [1, 2] 2 [2, 3] 3 [2, 5] 2 [1, 3] 34.75 <0.001**

Back 0 0 0 6

(freq) 0 [0, 0] 0 [0, 0] 0 [0, 0] 0 [0, 0.8] 18.00 <0.001**

Paw bout 11 8 10 6

(freq) 0 [0, 0.6] 0 [0, 1] 0 [0, 2] 0 [0, 1] 1.84 0.606

Latency to enter arena 23 23 23 23

(s) 3 [2, 5] 3 [2, 5] 2 [2, 5] 2 [2, 4] 5.45 0.142

Latency to eat 23 23 23 22

(s) 10 [9, 11] 12 [10, 20] 10 [8, 10] 12 [10, 17] 19.51 <0.001**

Focus fooda 2 22 12 18

(s) 0 [0, 0] 9 [4, 20] 2 [0, 8] 9 [2, 15] 37.14 <0.001**

Focus otherb 17 10 18 11

(s) 1 [0, 2] 0 [0, 7] 5 [1, 11] 0 [0, 5] 8.87 0.031*

Test statistics for the comparison between tests are given in the two last columns.
a Time spent focussing on the food/test stimulus (alert food + investigate food + investigate cone).
b Time spent focussing on other (alert other + investigate other).



significantly increased for the visual and auditory tests, whereas more disrupted feeding (an

increased number of eating bouts) was shown in the olfactory test. Likewise, sniffing the

food and focussing on other features in the arena was primarily shown during the olfactory

test, whereas the horses spent more time focussing on the food/stimulus in the visual and

auditory tests. Backing away from the test stimulus was only shown in the auditory test. In

general, very little locomotion was shown by the horses during the tests.

Exposure to the novel visual and auditory stimuli elicited significantly increased HR

responses in the horses compared to their response to the control arena, whereas there was

no increase in HR to the olfactory stimulus. The maximum HR responses during exposure

to the control arena and the three test stimuli are shown in Fig. 2 (F3,65 = 5.73, P = 0.002).

The average HR responses to the different test situations gave a similar picture (control:

52.26 � 2.05, visual: 57.49 � 2.34, olfactory: 51.02 � 2.72, auditory: 62.22 � 2.28;

F3,70 = 4.84, P = 0.004).

There were no significant differences between the test days in HR or behavioural

response, indicating that the horses did not habituate nor sensitize to being tested. There

was no effect of sire in any variables in any tests.

3.2. Correlations between behaviour and heart rate responses

Time spent eating was negatively correlated with all other variables, i.e. the more time a

horse spent eating, the less it responded to the test stimulus. Thus, time spent eating was

used as a reference variable to study the interrelationship between behaviour and HR

responses. There were significant, negative correlations between time spent eating and HR

in the visual and the auditory tests (HR_avg: visual: �0.49, P = 0.032; auditory: �0.51,

P = 0.022; HR_max: visual:�0.41, P = 0.076; auditory:�0.46, P = 0.041), whereas there

was no correlation in the control and olfactory tests.
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3.3. Correlations between test situations

Horses, which responded with a high HR in the auditory test, also had a high HR in the

olfactory and the visual test, i.e. there were significant, positive correlations between HR

responses in the olfactory and auditory tests (HR_max: rs = 0.66, P = 0.013 and HR_avg:

rs = 0.72, P = 0.005) and between the visual and auditory tests (HR_max: rs = 0.55,

P = 0.026 and HR_avg: rs = 0.48, P = 0.056). However, there was no correlation in HR

between the visual and olfactory tests. Also, there were no significant correlations between

the test situations for any behavioural variables.

4. Discussion

4.1. Responses to the different test stimuli

The test stimuli elicited different behavioural responses in the horses and the heart rate

increased in response to the visual and auditory stimuli, but not to the olfactory stimulus.

Apart from a significantly reduced eating time in all test situations compared to the control

situation, it is noteworthy that the behavioural responses to the novel visual and auditory

stimuli were similar, whereas the responses towards the novel olfactory stimulus differed.

The visual and auditory stimuli elicited increased latencies to eat and more time spent alert

towards or investigating the stimulus. During the olfactory test, the horses spent more time

sniffing and focussing on other things in the arena and they showed more disrupted feeding.

Boissy (1995) suggested that transitions between behaviours can be induced by conflicts

between emotional states and motivations and thereby are expressions of fear. In the present

study, we found significantly increased heart rate responses to the visual and auditory stimuli,

whereas the heart rate did not increase during exposure to the olfactory stimulus. Herskin

et al. (2003) also found behavioural but no heart rate responses in cattle towards different

types of novel food, including drops of eucalyptus oil added to their usual food. The horses in

our study showed very little locomotion activity in all tests; thus, the difference in heart rate

responses cannot be attributed to differences in physical activity. The question is why horses

only show behavioural and not heart rate responses to an unknown smell and whether this

applies to this particular smell only or whether it is adaptive? An increase in heart rate is the

body’s physiological response to localised danger, preparing the animal for flight. Since

smell travels slowly in air, there may be no sense in running away from an unknown smell

because the source of the smell may have moved before the animal perceives the smell.

However, unknown smells may act to make the animal more vigilant towards the

surroundings. In our study, increased vigilance was identified by a significant increase in the

number of eating bouts. Vigilance may thus be a measure of fearfulness as suggested by Welp

et al. (2004), who studied fear in dairy cattle and found alterations in vigilance according to

their degree of fearfulness. Terlouw et al. (1998) investigated responses of cattle to odours of

urine and blood from conspecifics and faeces from carnivores and found that the odours

induced heightened vigilance, e.g. increased sniffing, but that the odours did not interfere

with the expression of feeding motivation. These results correspond to the responses of horses

towards a novel smell in the present experiment. On the contrary, it is biologically relevant to
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be prepared to run away from an unknown sound or visual stimulus and maybe these senses

are primarily used for immediate predator detection. Thus, it seems that horses respond to

unknown visual and auditory stimuli by both behavioural and heart rate changes, whereas an

unknown olfactory stimulus elicits behavioural changes only in terms of increased vigilance

towards the surrounding environment. Boissy (1995, 1998) discussed the concepts of fear and

anxiety and suggested that the perception of actual danger causes the emotional state fear,

whereas potential danger causes the emotional state anxiety. The responses of the horses in

the visual and the auditory tests probably reflect the fact that in these tests, the horses were

able to localise the stimulus, inducing behaviours to avoid the stimulus (‘‘fear’’), whereas the

olfactory test induced an expectation of danger (‘‘anxiety’’). Further experiments, in which

horses are exposed to more biologically relevant smells, e.g. predator odour, are necessary in

order to investigate the interrelationship between behavioural and heart rate responses to

novel olfactory stimuli.

Backing away from the stimulus was only shown in the auditory test, indicating that this

type of behaviour may be an innate response to an unknown sound. However, differences in

responses between the test stimuli may not only be attributed to the type of stimulus.

Responses may also be linked to the fear-eliciting strength of the test stimulus, which

cannot be compared in the present study. The strength of a visual stimulus cannot be

equated to the strength of an auditory or olfactory stimulus. However, in the present study,

the total eating time was reduced to the same amount in all test situations. This equal eating

time indicates a relatively similar strength of the stimuli. Further experiments in which

horses are exposed to same type of stimulus but with different fear-eliciting properties

would be necessary in order to link specific responses to the activation of different senses.

While this may be achieved by studying responses to the same sound at different

intensities, it is not so obvious whether a larger visual object is more frightening than a

small or a stronger smell more frightening than a weak one.

There were no indications of carry-over effects, which probably relates to the fact that

all horses managed to eat within the duration of the tests. The infrequent occurrence of

some behaviours, e.g. defecations, vocalisations and the flehmen response, may be a

consequence of these behaviours relating to different situations. Defecations and

whinnying were shown during the initial habituation, indicating that once habituated to

social isolation, these behaviours cease and do not reoccur even when horses are exposed to

novelty in a known environment. Our results would also suggest that flehmen behaviour,

which is typically shown by stallions when investigating urine, is probably associated more

with sexual behaviour rather than the smell of novelty.

4.2. Correlations between behaviour and heart rate responses

The total eating time was found to reflect the reactions of the horses in all test situations

in that the more a horse responded to the test stimulus, the greater the reduction in total

eating time. The total eating time also reflected the heart rate response in the visual and

auditory tests, but not in the control and olfactory tests. The results indicate that an

interrelationship between behavioural and heart rate responses exists, given that the heart

rate responses are sufficiently strong. This is in agreement with other studies on horses (e.g.

Jezierski and Górecka, 1999; Lansade et al., 2003).
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4.3. Correlations between test situations

There were no significant correlations in any behavioural variables between the tests,

which is most likely due to the stimuli eliciting different and not very strong behavioural

responses. Previous studies of consistency of behavioural variables across test situations in

horses have shown varying results (e.g. Scolan et al., 1997; Wolff et al., 1997; Visser et al.,

2001; Seaman et al., 2002). Discrepancies between studies may relate to the variation in

tests to which the horses are exposed, sometimes mixing social and non-social situations.

In other species, generalisation of behavioural responses across several different situations

has been demonstrated (e.g. mink: Malmkvist and Hansen, 2002; cattle: Boissy and

Bouissou, 1995; dogs: Goddard and Beilharz, 1984).

The strong correlation between heart rate responses in the olfactory and auditory tests

may reflect the way in which these stimuli were presented as they were probably perceived

only as the horses approached the food. This is in contrast to the visual stimulus, which

could be easily seen from the start box when the door opened. Considering the small

sample sizes, due to loss of heart rate data, as well as the fact that the horses were very

similar in their responses, which gives only little variation, it is very likely that even

stronger correlations in heart rate responses between different test situations exist. Other

studies on horses have also shown correlations in heart rate responses between different

tests (Visser et al., 2002). The heart rate correlations across situations indicate that heart

rate responses simply reflect a non-differentiated activation of the sympathetic nervous

system, whereas the behavioural responses are linked to the type of stimulus.

In conclusion, the responses of the horses to the novel olfactory stimulus differed from

those to the visual and auditory stimuli, since the horses showed behavioural responses

without a corresponding increase in heart rate towards the novel smell. Heart rate responses

correlated between test situations, while the behavioural response was linked to the type of

stimulus.
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Abstract

Horses frequently react nervously when passing animal production farms and other places with

distinctive smells, leading riders to believe that horses are innately frightened by certain odours. In three

experiments, we investigated how horses respond to (1) urine from wolves and lions, (2) blood from

slaughtered conspecifics and fur-derived wolf odour, and (3) a sudden auditory stimulus in either presence or

absence of fur-derived wolf odour. The experiments were carried out under standardised conditions using a

total of 45 naı̈ve, 2-year-old horses. In the first two experiments we found that horses showed significant

changes in behaviour (Experiments 1 and 2: increased sniffing; Experiment 2 only: increased vigilance,

decreased eating, and more behavioural shifts), but no increase in heart rate compared to controls when

exposed to predator odours and conspecific blood in a known test environment. However, the third

experiment showed that exposure to a combination of wolf odour and a sudden stimulus (sound of a moving

plastic bag) caused significantly increased heart rate responses and a tendency to a longer latency to resume

feeding, compared to control horses exposed to the sudden stimulus without the wolf odour. The results

indicate that predator odour per se does not frighten horses but it may cause an increased level of vigilance.

The presence of predator odour may, however, cause an increased heart rate response if horses are presented

to an additional fear-eliciting stimulus. This strategy may be adaptive in the wild where equids share habitats

with their predators, and have to trade-off time and energy spent on anti-predation responses against time

allocated to essential non-defensive activities.
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1. Introduction

Predation is a strong selective force leading to various adaptations in prey species. Many

species have developed specific behaviours to facilitate recognition, avoidance and defence

against predators. Such anti-predator behavioural systems are fundamental to survival, and

natural selection has favoured mechanisms in prey to detect predators prior to their attack,

increasing the probability of escaping or avoiding encounter (Kats and Dill, 1998; Apfelbach

et al., 2005; Monclús et al., 2005). Anti-predator defence can involve responses to specific

chemical cues that predators produce, and avoidance of predator odours, such as fur, urine,

faeces, or anal gland secretions, has been observed in several mammalian species, particularly

in rodents (for review see Apfelbach et al., 2005). It has also been shown that odour-induced

unconditioned fear in rodents is associated with Hypothalmic-pituitary-adrenal (HPA) and

amygdala activation (Dielenberg and McGregor, 2001; Li et al., 2004; Roseboom et al., 2007;

Takahashi et al., 2007). Recent studies have suggested that skin and fur-derived predator

odours may have a more profound and lasting effect on prey species than those derived from

urine or faeces (Apfelbach et al., 2005). Studies on domestic herbivores, such as sheep and

cattle, have demonstrated behavioural changes (Terlouw et al., 1998) and reduced feeding

(Pfister et al., 1990; Arnould and Signoret, 1993; Arnould et al., 1993) in the presence of dog

faeces. Highly distinctive smells, such as that of carnivore faeces, may however interfere with

the experience of taste which may in turn cause reduced feeding, without the animal actually

being frightened by the odour. Thus, both behavioural and physiological measures should be

considered, because the body’s immediate physiological reaction to perceived danger is

characterised by activation of the sympathetic system (fight or flight response; Guyton and

Hall, 1997; Korte, 2001). However, physiological measures have rarely been used in studies of

predator recognition in herbivores because the majority of studies have been carried out in the

field where such measures are difficult (Apfelbach et al., 2005; Monclús et al., 2005, 2006). In

this study we have recorded behavioural reactions in combination with recordings of heart

rate, which have been validated as a reliable and non-invasive physiological measure in horses

during exposure to a stressor (Visser et al., 2002; Christensen et al., 2005, 2006; McCall et al.,

2006).

Ungulates have co-evolved with their predators for millions of years in the wild, and like many

other prey species they have evolved anti-predator responses both to actual encounters with

predators and to generalised threatening stimuli, such as loud noises and sudden events (Frid and

Dill, 2002). Equids typically live in open grasslands with a good view of the surrounding

environment and they use vision as a major sensory avenue for detection of predators. Equids are

also sensitive to auditory signals of danger, such as sounds of predators, and they have a good

sense of hearing (Heffner and Heffner, 1983; MacDonald, 1995). In addition, equids may use

olfaction as another modality through which predators can be detected and possibly identified.

Chemical signals have been suggested to be involved in several equine processes such as

individual identification, co-ordination and spacing of individuals both within and between social

groups, mare-foal communication, navigation and orientation, sexual arousal and performance,

as well as alarm signalling (Mills and Nankervis, 1999; Waring, 2003). Accordingly, there is a

general belief among riders that horses are innately frightened by certain odours. However, we

have currently no knowledge of whether horses do find certain odours aversive. A study by

Christensen et al. (2005) showed that domestic horses reacted more to unknown visual and

auditory stimuli compared to an unknown olfactory stimulus (eucalyptus oil). It is unknown,

however, whether this lack in response applies to natural odours as well.
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Here we present results from three experiments, in which we investigated how horses respond

to (i) urine from wolves and lions, (ii) blood from conspecifics and fur-derived wolf odour, and

(iii) a sudden auditory stimulus in either presence or absence of fur-derived wolf odour.

2. Materials and methods

2.1. Animals

We used a total of 45 two-year-old Danish Warmblood horses from a large stud in the three experiments

(Experiment 1: 33 stallions; Experiments 2 and 3: 12 mares). All horses were kept on pasture with the dam

before weaning (approx. 6 months) and were subsequently kept in large groups of same age and sex; housed

in straw-bedded group boxes during the winter and pastured during summer. The horses had received a

minimum of handling at the stud, and had been handled only for other research experiments, during which

they were habituated to and had similar experiences with the respective test arenas (stallions: Christensen

et al., 2007 and mares: Søndergaard, in preparation).

2.2. Test environments

The first experiment was carried out in an outdoor, circular arena (10 m in diameter) constructed out of

straw bales (1.2 m � 1.2 m � 2.4 m) in two layers, making the height of the walls of the arena 2.4 m (for

details, see Christensen et al., 2007). A feed container, placed opposite the entrance, contained either wood-

shavings or sand (according to treatment, see later) and a bucket with a mixture of corn and molasses.

The second and third experiments were carried out in a rectangular, indoor arena (8 m � 10 m) at

Research Centre Foulum. The arena was equipped with a feed container, placed opposite the entrance, with

corn and molasses.

2.3. Experiment 1: predator urine

In the first experiment, the horses (n = 33) were randomly assigned to one of three treatments; either wolf

urine, Canis lupus canadiensis (n = 11), lion urine, Panthera leo leo (n = 11), or urine from an unknown

horse, Equus caballus (Danish Warmblod, gelding; n = 11) as a control for the reaction to the smell of urine.

Urine was collected in Givskud Zoo, Denmark, by collecting sand (wolves) or wood shavings (lions and

horse) onto which the animals had urinated. The fresh samples were kept in sealed plastic bags, frozen at

�25 8C and were defrosted 24 h before the experiment. Prior to the experiment, the horses were habituated to

feeding from the bucket placed inside the feed container with neutral sand (wolf treatment) or wood shavings

(lion and horse treatment). On the test day, sand/wood shavings with urine replaced the usual, neutral

material in the container so that the odour surrounded the feed bucket without contamination of the feed.

2.4. Experiment 2: blood and fur-derived predator odour

In the second experiment, the horses (n = 12) were exposed to blood from a conspecific and fur-derived

predator odour. Blood was collected from a slaughtered horse at a commercial slaughterhouse. The donor

horse was waiting in isolation (approx. 30 min) at the slaughterhouse while a companion horse was

slaughtered, and the donor horse was clearly stressed. The donor blood was mixed with heparin immediately

to avoid coagulation and frozen at�25 8C. The blood was removed from the freezer for defrosting 24 h prior

to testing. Wolf odour, Canis lupus canadiensis, was collected in Givskud Zoo, Denmark, by collection of

fur and sand from lying areas and burrow entrances. The samples were collected the day before testing and

were kept in hermetically sealed plastic bags. Prior to the experiment, the horses were habituated to feeding

from the feed container in the test arena. The experiment ran over 4 days with the first and third day as

control tests where we recorded the responses of the horses to the usual arena without odour. On the second
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day, conspecific blood was applied to the edges and inside of the feed container with no contamination of the

feed. On the fourth day, wolf fur was rubbed on the edges and inside of the container and sand with wolf

odour was spread around the feed container.

2.5. Experiment 3: predator odour and surprise test

In the third experiment we exposed horses to a sudden auditory stimulus either in presence or absence of

fur-derived wolf odour. Odour was collected and stored as in Experiment 2. The experiment was carried out

1 week after Experiment 2, on the same 12 horses. The test stimulus was the sudden sound of a plastic bag,

which was pulled 1 m along the sand ground behind the arena wall at a speed of 1 m/s. The horses were

allowed to feed for 1 min before the stimulus was applied. For half of the horses, fur-derived wolf odour was

applied to the feed container as in Experiment 2 (n = 6; sound + odour), whereas the other half of the horses

were tested without odour (n = 6; sound). The ‘sound’ group was tested first to avoid odour contamination of

the test environment.

In all experiments, fresh odour material was added immediately before each horse entered the arena.

Separate containers were used for each treatment, and we were very careful to reduce the risk of odours

spreading to the surroundings, e.g. by using lids and plastic bags when transporting containers, as well as by

removal of ground material in the immediate vicinity of the containers when shifting between treatments.

2.6. Data quantification and analysis

All tests lasted 2 min, during which behavioural reactions (Table 1) and latency to feed were recorded

using a handheld computer (Workabout, PSION PLC, UK). The observer sat quietly on top of the straw wall

(Experiment 1) or next to the arena (Experiments 2 and 3), and the horses were previously habituated to the
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Table 1

Ethogram of recorded behaviours

Behaviour Description

Duration

Eating Standing by the feed container and chewing food; possibly lifting the head from the

container while chewing continues. If chewing was interrupted for more than 2 s,

the interfering behaviour was recorded and resumed chewing was recorded as a

new bout.

Sniffing Standing within 1 m of feed container with lowered head oriented towards

feed container; repeated and clear exhalations.

Alert (towards container) Horse is alert with elevated neck, with or without tail elevation, head and ears

oriented towards feed container.

Focus other The horse focuses on other stimuli, e.g. sounds from outside.

Flight (Experiment 3) The horse jumps away from the feed container in a sudden movement, typically

followed by trotting/galloping, alertness and possibly snorting. The duration of the

flight responses lasts until the horse resumes chewing (which always happens

before the horse returns to the feed container).

Flight reactions were shown only in Experiment 3 after exposure to the

sudden stimulus.

Frequency

Defecation Elimination of faeces.

Snort Short powerful exhalation from nostrils.

Paw bout Striking the ground or air with forelimb; pawing after pauses of more than 5 s was

recorded as a new bout.

Flehmen Head elevated and neck extended, upper lip curled (olfactory investigation); flehmen

after pauses of more than 5 s was recorded as a new bout.



presence of the observer. Heart rate (HR) was recorded with Polar s810i (Polar Electro OY, Kempele,

Finland), which consisted of an electrode belt with a built-in transmitter and a wristwatch receiver. Water

and gel were used to optimise the contact between electrode and skin. The HR monitoring equipment

was fitted on the horse in the waiting area prior to testing, and the receiver stored data from the transmitter

(every 5 s). Subsequently, data were downloaded via a Polar Interface to a PC, using the software

Polar Precision PerformanceTM SW 4. The HR recordings started 5 min prior to testing, but for the analysis

we used data only from the 2 min test time where the horse was moving freely inside the test arena. The

average HR (HR_avg) and the maximum HR (HR_max) during the 2 min test were determined for

each horse.

Behavioural and heart rate data (HR_max and HR_avg) were analysed for effect of treatment by One

Way Analysis of Variance (ANOVA; SigmaStat 3.0, http://www.systat.com). All horses returned to the food

within the test time and thus latencies could also be analysed using ANOVA. A significance level of

P < 0.05 was used throughout.

3. Results

3.1. Experiment 1: predator urine

Horses that were exposed to urine from wolves and lions spent significantly more time sniffing

compared to those exposed to horse urine (seconds, mean � S.E.: Lion: 19.6 � 4.4, Wolf:

16.5 � 4.8, Horse: 1.2 � 0.6; F2,30 = 6.83, P = 0.004). Also, we found a tendency towards an

increased number of eating bouts in the wolf and lion group (freq., mean � S.E.: Lion: 5.2 � 0.4,

Wolf: 4.8 � 0.4, Horse: 3.9 � 0.3; F2,30 = 2.94, P = 0.068). However, there was no significant

effect on any other behavioural variables (e.g. latency to eat: F2,30 = 0.29, P = 0.747; total eating

duration: F2,30 = 2.05, P = 0.146; focus other: F2,30 = 1.91, P = 0.166), neither were there any

differences in heart rate responses between the treatment groups (HR_avg: F2,30 = 0.62,

P = 0.546; HR_max: F2,30 = 0.21, P = 0.811).

3.2. Experiment 2: blood and fur-derived predator odour

The results from Experiment 2 are summarised in Table 2. When exposed to blood from

conspecifics and fur-derived predator odour the horses showed significant behavioural changes in

terms of increased sniffing and vigilance (‘‘focus other’’, Table 2), decreased eating, and an

increased number of behavioural shifts, compared to control days. However, there were no

significant increases in heart rate (Table 2).
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Table 2

Experiment 2: behaviour and heart rate given as mean � S.E.M.

Day 1 Day 2 Day 3 Day 4 F-value P-value

Control Blood Control Wolf

Eating (s) 85.9 � 5.4 67.0 � 5.1 86.3 � 4.7 56.0 � 5.0 18.88 <0.001

Sniffing (s) 0 � 0.0 14.9 � 3.8 0 � 0.0 37.2 � 5.8 31.00 <0.001

Focus other (s) 4.1 � 1.0 9.9 � 3.7 1.8 � 0.6 4.0 � 1.2 3.56 0.025

Eating bouts (freq.) 6.6 � 0.7 9.8 � 1.0 6.3 � 0.6 8.0 � 0.7 9.29 <0.001

Sniffing bouts (freq.) 0 � 0.0 4.6 � 1.1 0 � 0.0 5.3 � 0.9 20.66 <0.001

Snort (freq.) 0 � 0.0 0.7 � 0.3 0 � 0.0 0.9 � 0.5 2.64 0.065

HR_max (bpm) 57.4 � 1.6 60.3 � 4.2 57.8 � 1.6 67.4 � 5.0 1.81 0.166

HR_avg (bpm) 49.0 � 1.0 50.6 � 1.4 49.1 � 0.8 52.5 � 2.1 1.90 0.150

http://www.systat.com/


3.3. Experiment 3: predator odour and surprise test

A flight response was shown by all horses in both treatment groups after exposure to the

sudden auditory stimulus. However, we found that horses which were exposed to the sound in

combination with predator odour showed significantly increased heart rate responses (Fig. 1,

F1,8 = 23.69, P = 0.001), and a tendency towards a longer latency to return to the food after the

stimulus exposure (seconds, mean � S.E.: Odour + Sound: 13.3 � 2.36, Sound: 7.67 � 1.41;

F1,10 = 4.25, P = 0.066).

4. Discussion

Our results demonstrate that domestic horses show only minor behavioural reactions to the

odour of predator urine in a known environment, and some investigative behaviour (e.g.

increased sniffing and focussing on other stimuli), but no increase in heart rate, to fur-derived

wolf odour and blood from a slaughtered conspecific. However, the introduction of additional

cues of danger, i.e. a sudden auditory stimulus, caused horses in the presence of predator odour to

show stronger flight reactions, compared to control horses without the odour. Although the

selection pressure for predator recognition has inevitably been relaxed through domestication,

the latter result indicates that innate responses towards predators may not be lost. This result is in

accordance with studies on sheep, showing that anti-predator strategies that evolved in wild sheep

persist in domestic animals, even in the absence of natural predators (Byers, 1997). Similarly,

several studies suggest that domestic horses express the same movement and social behaviours as

wild horses if provided with an appropriate physical and social environment in which to show

their full behavioural repertoire (Christensen et al., 2002; Waring, 2003; Boyd and Keiper, 2005;

Feh, 2005). Dwyer (2004) suggests that although the threshold for expression of some behaviours

(e.g. fear responses) may be elevated in domestic animals, there is no evidence that these

behaviours are not expressed once the threshold has been reached. It is currently unknown

whether a similar increase in heart rate could be obtained with other novel odours (i.e. non-

predator), and this question needs further study.
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Fig. 1. Experiment 3: Heart rate responses upon presentation of a sudden stimulus.



The results of our urine experiment correspond to those of Novallie et al. (1982) who

investigated whether felid urine could reduce feeding by two antelope species (Raphicerus

melanotis and Sylvicapra gimmia). Both species of antelope sniffed more frequently at predator

rather than at control urine (from sheep and rats), but there was no effect of urine type on time

spent feeding and frequency of alert postures. Such responses may be adaptive for large ungulates

living in habitats with low vegetation and a good view of the surrounding environment, which

share habitats with their predators and must continue to forage, despite many remote cues to

predation risk. In contrast, a few studies on deer (Sullivan et al., 1985; Swihart et al., 1991) and

many studies on rodents (e.g. Sullivan et al., 1988; Nolte et al., 1994; Bean et al., 1997; Rosell,

2001) have reported decreased feeding rates upon presentation of predator urine. This difference

is likely to be caused by these species occupying different types of habitats, where vegetation

hampers visual scanning of the environment. Olfactory cues may thus be more important for

animals living in physically complex habitats, or for nocturnal animals. Powell and Banks (2004)

suggest, however, that the general importance of predator odours in influencing the foraging

activity of small mammalian prey may have been overestimated. They conclude from their study

that any avoidance of predator odours may be transient or subtle rather than strong and consistent

for free-living prey, which must continue to forage with a constant background of predator

odours.

In our second experiment, we found a change in behaviour when test horses were exposed to

fur-derived wolf odour and blood from a conspecific, but there were no physiological indications

that the animals were frightened in presence of the odours. The blood used in the present

experiment was from a stressed conspecific, which had been transported to a commercial

slaughterhouse with another horse, and it was waiting in isolation while the other horse was

slaughtered. Terlouw et al. (1998) reported that when cattle were exposed to blood from

commercially slaughtered conspecifics they showed an increase in sniffing and in ‘‘stretched

locomotion’’, which was suggested to express perception of an odour indicating danger. They

further suggest that the response may be caused by presence of alarm odours in the blood. Boissy

et al. (1998) found that heifers showed avoidance and other fright reactions when confronted with

the odour of urine from stressed conspecifics, suggesting that heifers are sensitive to conspecific

alarm pheromones. It has been argued that for prey species that live alongside their predators,

responses to alarm pheromones are more adaptive than responses to cues of predator presence,

because prey is really in danger only when the predators are hunting, as indicated by release of

alarm pheromones from conspecifics (Wyatt, 2003). Although blood from a stressed conspecific

caused behavioural changes in our study, the physiological data do not support a perception of

danger in the test horses.

The results of our final experiment, that horses reacted more when presented to additional cues

of danger, is likely to be related to fear reactions being energetically expensive and thus more

cues, e.g. auditory or visual, of an approaching predator should be present in order to evoke fear

reactions in these prey animals. In accordance with our results, Borowski (1998) showed that in

root voles the distance maintained from sources of predator odour was not greater than that from

non-predator odour, and suggested that the reaction of root voles to the odour of weasel in the

home range is not to escape from the range but rather to reduce the probability of an encounter

with the predator. This strategy is probably also evident in equids in that predator odours per se do

not evoke physiological signs of fear (i.e. preparing the animal for the fight or flight response), but

rather act to increase vigilance so that the animal responds more readily than it would otherwise,

if presented with additional cues of danger. Such a strategy would be adaptive in the wild where

equids share habitats with their predators, and have to trade-off time and energy spent on anti-
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predation responses against time allocated to essential non-defensive activities such as feeding

and reproduction (Lima and Dill, 1990).

Natural and artificially produced predator odours are commonly used in an attempt to reduce

feeding damage by ungulates in plantations as well as to keep game away from roads, but such

initiatives have been of varying success (Apfelbach et al., 2005). Wagner and Nolte (2001) tested

20 deer repellents and found that those eliciting fear were the most effective. The results of our

study, using a combination of behavioural and physiological measures, support the view that

large prey species, such as ungulates, which live in open grasslands and typically share these

habitats with their predators, may not be innately frightened by the odours of predators. The

odours of predators probably act merely to increase vigilance, and the animals show fear

reactions only if additional cues of danger are present. Griffin (2001) suggests that prey animals

on African plains are able to determine the likelihood of imminent attack by monitoring predator

behaviour. It is clearly adaptive for a prey animal to respond only to real threats rather than

wasting energy and foraging opportunity in unnecessary flight (Kats and Dill, 1998; Dwyer,

2004).

Although some prey species may recognise a potential predator odour innately, it is very likely

that prior experience facilitates recognition. Dwyer (2004) suggests that, in sheep, the

behavioural response to predators (vigilance, flight) is innate, but the stimuli that elicit this

behavioural pattern may have a learned component. Likewise, horses are well able to form

associations between events and readily learn to associate unpleasant experiences with places,

people or other stimuli (Nicol, 2002, 2005), and thus they may easily learn to associate a certain

odour with danger. We conclude that predator odour per se did not frighten predator-naı̈ve

domestic horses in the present experiment. Domestic riding horses that react fearfully to certain

odours may have either learned to associate the smell with danger, or may be reacting to other

stimuli in their environment.
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a b s t r a c t

The aims of the present study were to assess feasibility and validity of a fear test in adult sport horses and
to investigate whether the exposure to a fearful stimulus induces a change in eye temperature. Fifty
horses, aged 14 � 6 years, of different breed and gender, entered the study. For each horse, a caretaker
was asked to fill in a validated temperament questionnaire. A novel object fear test (NOT), has been
selected from literature to examine fearfulness. Temperature of the lacrimal caruncle was measured
before the test and after the test on 22 horses, representative of the whole sample. To assess discriminant
validity of the NOT, 3 human-animal relationship tests were performed on the same horses. Data were
analyzed with descriptive, nonparametric, and multivariate statistic methods. No significant differences
were found between females and geldings for any of the measured variables. Horses that were described
by caretakers as more prone to panic, vigilant, excitable, skittish, and nervous (P < 0.001) needed
significantly longer time to reapproach the novel object (P < 0.01). Eye temperature was significantly
higher after the NOT compared to basal (P < 0.01), with subjects who did not reapproach the novel object
tending to present larger increases (P < 0.10). Horses showing more fear-related responses to the NOT
did not show more negative reactions to humans during the human-animal tests. These results suggest
that, to some extent, the NOT predicts horses’ behavior in real on-farm situations. Our findings reject the
hypothesis that reactivity to humans and general fearfulness belong to the same basic feature of
temperament. Importantly, infrared thermography proved to be useful in assessing physiological
reactions of fear in horses.

� 2015 Elsevier Inc. All rights reserved.
Introduction

Fear in domestic animals has been defined by Boissy (1998) as a
reaction of the perception of actual danger. Fear responses are
characterized by behavioral and physiological modifications
(Forkman et al., 2007): active defense (attack, menace), active flight
(hiding, escape), and passive avoidance (freezing) are some of the
behaviors that are frequently related to an underlying emotion of
fear in animals (Erhard and Mendl, 1999). When experiencing fear,
cardiovascular changes occur in different parts of the body with the
ultimate effect of increasing perfusion pressure and redirecting
blood flow to the central nervous system and skeletal musculature.
Sport horses may be subject to different fearful events, for example,
: Francesca Dai, Dipartimento
gli Studi di Milano, Via Celoria
39 0250318030.
being transported and competing in different environments with
novel stimuli and sounds (McGreevy and McLean, 2010), being
approached by unfamiliar people, or undergoing many handling
and management procedures. Horses, as prey animals, have a ten-
dency to escape from frightening stimuli and may show flight
reactions which can be dangerous for both the horse and the man
(Christensen et al., 2008, 2005; McGreevy and McLean, 2010).
Keeling (1999) demonstrated that in equitation sports many serious
human injuries occur as a result of unexpected horse fear reactions.
Because owners often misunderstand the reason for the develop-
ment of such behaviors in their horses, attempts at correcting them
often involve suppression- or punishment-based approaches
(Hothersall and Casey, 2012). Although repeated subjugation of
undesirable fear responses may ultimately appear to solve the overt
behavioral reaction, this method can cause short- or long-term
stress (McGreevy and McLean, 2010) and can worsen the problem
or lead to the development of alternative avoidance strategies such
as abnormal behaviors (Hothersall and Casey, 2012). Besides
possible problems caused by inappropriate human reactions to fear
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displays, a long-term negative emotional state related to fear can
per se cause chronic stress and reduced welfare (Dantzer and
Mormede, 1983; Désiré et al., 2006; Minch et al., 2008; Willner
et al., 1992).

Because of the aforementioned reasons, it is blatantly obvious
that fear in horses plays an important role in their welfare, and thus,
it is important that it is recognized and assessed accordingly.
Various fear tests have been used to determine temperament
characteristics in horses, such as novel object (e.g., Anderson et al.,
1999; Christensen et al., 2008, 2005; Seaman et al., 2002; Visser
et al., 2003b, 2002; Wolff et al., 1997), novel arena (e.g., Le Scolan
et al., 1997; Seaman et al., 2002; Wolff et al., 1997), and restraint
and human fear tests (e.g., Le Scolan et al., 1997; Visser et al., 2003b,
2001; Wolff et al., 1997). The novel object test (NOT) is an experi-
mental situation in which the animal is exposed to an unknown
stimulus to provoke a fear reaction. Although it is not possible to
attribute a given measure to any single emotion, time to approach
the new stimulus appears to be one of the most appropriate
indicators of fearfulness (Górecka-Bruzda et al., 2011; Wolff et al.,
1997). Feasibility under field conditions and ease and duration of
fear tests are important characteristics for them to be applied as
well as reliability and validity (Górecka-Bruzda et al., 2011). Validity
means the degree to which a test measures what it purports to
measure (Martin and Bateson, 1993; Weiblinger et al., 2006). Pre-
dictive validity measures the ability of an indicator to predict some
later criterion (Cronbach and Meehl, 1955). To assess predictive
validity of fear tests, different studies investigated their correlation
with surveys via questionnaires which aimed to detect those
characteristics of temperament in horses that influence their
habitual behavior (e.g., Anderson et al., 1999; Le Scolan et al., 1997;
Momozawa et al., 2007, 2003; Morris et al., 2002a, 2002b).
Respondents were generally caretakers or riding teachers whowere
familiar with horses; thus, their responses were based on long-term
observation and were not influenced by a temporary change in
equine behavior, which may occur in behavioral tests (Momozawa
et al., 2005).

Discriminant validity analyzes the divergence between mea-
sures of conceptually unrelated concepts, for instance, fear and
human-animal relationship, and has seldom been evaluated for fear
tests (Górecka-Bruzda et al., 2011; Visser et al., 2003b). Convergent
validity regards the relationships between independent measures
of the same conceptually related construct (Weiblinger et al., 2006).
Assessment of convergent validity of fear tests usually considers
whether their outcome is related to physiological changes due to
fear. Some of the most frequently used physiological indicators are
heart rate (e.g., Christensen et al., 2008; Momozawa et al., 2003),
heart rate variability (e.g., Rietmann et al., 2004; Stewart et al.,
2008c; Visser et al., 2002; von Borell et al., 2007), cortisol con-
centration (e.g., Anderson et al., 1999; Cook et al., 2001; Flauger
et al., 2010; Stewart et al., 2008a), and infrared thermography
(IRT). Infrared thermography can be used to detect changes in
peripheral blood flow (which causes changes in body heat) as a
response to fear-induced stress. Studies in different animal species
have revealed that after a stressing event the small areas around the
posterior border of the eyelid and the caruncula lacrimalis change
temperature. This area has rich capillary beds innervated by the
sympathetic system (e.g., McGreevy et al., 2012; Stewart et al., 2009,
2007) and thus represents an ideal place for measuring local
changes in blood flow resulting from tuning of the autonomic
nervous system. Stewart et al. (2007) measured an increase in eye
temperature in cows after intramuscular injection of adrenocorti-
cotropic hormone, corticotropin-releasing hormone, and epineph-
rine. Research carried out on different species correlated increased
eye temperature with cortisol concentrations in response to pain
(Stewart et al., 2008b, 2008c), stress (Ludwig et al., 2007; Stewart
et al., 2007; Valera et al., 2012), and fear (Stewart et al., 2008a). In
a study on horses undergoing stressful situations, Valera et al.
(2012) found that the eye temperature increased as a conse-
quence of stress. Similar results were found by Hall et al. (2010)
who found a higher eye temperature in horses lunged with the
Pessoa training aid (held responsible for increasing the stress dur-
ing training) than horses without. Bartolomé et al. (2013) were able
to demonstrate a correlation between an increase in heart rate and
eye temperature after jumping competitions. Cook et al. (2001)
investigated the underlying causes of increase in eye temperature
in horses and found that it was correlated to activation of the
hypothalamicepituitaryeadrenal axis.

To our knowledge, changes in superficial temperature during
fear exposure have never been studied in horses. This study aims to
assess the feasibility and predictive, convergent, and discriminant
validity of a fear test in adult sport horses and investigates whether
the exposure to a fearful stimulus induces a thermographic change
in eye temperature.

Methods

This study was conducted in agreement with ISAE ethical
guidelines (ISAE Ethics Committee, 2002) on adult nonpregnant
horses, and no animals underwent more than the minimal distress.
In addition, if horses displayed any hyper-reactive behavior that
could compromise the horse or the assessor’s safety, the test was
immediately ended and the observer left the box (this was recorded
as a result).

Animals

Experiments took place from January to May 2013 at 6 different
riding centers in Northern Italy. A total of 50 adult riding horses
(mean age, 14 � 6 years) of different sex (30 geldings, 16 mares, 4
stallions) were used in the study. Horse breeds were variously
distributed and comprised warmblood horses, draft horses, and
thoroughbreds. All horses were stabled in single boxes with daily
access to group paddocks for 1-10 hours. Straw bedding was used in
2 centers, whereas horses were kept on wood shavings in the
remaining 3 centers. Horses were fed 3 times a day with hay and
concentrated industrial feed depending on the type of activity they
carried out. Water was provided ad libitum.

Questionnaire survey

Six caretakers (1 per riding center) completed the questionnaires
for the 50 tested horses; the number of questionnaires filled in per
caretaker varied from 6 to 10. The questionnaire was developed and
validated by Momozawa et al. (2005) and contained 20 questions
regarding horse temperament (Table 1). The responses were ranked
on a scale from1 to 9,with 1 being the lowest rank for each item. Two
animal welfare experts translated the questionnaire into Italian; the
mother tongueofbothtranslatorswas Italianandtheir levelofEnglish
was advanced. In a second round, the authors discussed and refined
some of the items, which they felt might be difficult to interpret.

Behavioral tests

Four behavior tests were chosen and are described in sections
from “Fear test (NOT)” to “Forced human approach test.” All tests
were conducted on the same day and in the same housing condi-
tions. Horses were tested at least 1 hour before work and between
meals to avoid possible distractions and confounding food moti-
vation. A map of the facility was drawn before testing the horses
to facilitate the randomization of the testing order. To avoid



Table 1
Questionnaire items

Item Description (this horse tends to .) 1 9

Nervousness Become nervous about insects, noises, etc. Calm Nervous
Concentration Be trainable and undisturbed by the environment Poor Excellent
Self-reliance Be at ease if left alone away from the herd Restless At ease
Trainability Be trained easily and promptly Poor Excellent
Excitability Get excited easily Not excitable Excitable
Friendliness toward people Be never aggressive or fearful Unfriendly Friendly
Curiosity Be interested in novel objects and approach them Rarely Frequently
Memory Memorize what it learned or was trained Poor Excellent
Panic Get excited to an abnormal extent Never Frequently
Cooperation Be cooperative with a caretaker when handled Never Always
Inconsistent Emotionality be unpredictable from day to day Consistent Inconsistent
Stubbornness Be obstinate once it resists a command Obedient Stubborn
Docility Be docile in general Active Docile
Vigilance Be vigilant about surroundings Never Always
Perseverance Be patient with various stimuli Impatient Patient
Friendliness toward horses Interact with other horses in a friendly manner Unfriendly Friendly
Competitiveness Be dominant in antagonistic encounters with other horses Subordinate Dominant
Skittishness Get surprised easily Not skittish Skittish
Timidity Be timid in a novel environment Audacious Timid
Trailer Entrance go easily through the trailer door Rarely Always

Adapted from Momozawa et al. (2005).
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habituation, horses kept in adjacent boxes were not tested
consecutively. The test order was designed to firstly measure
reactivity to a human followed by the fear test. Two female ex-
perimenters (aged 24-28 yrs), experienced in the field of animal
welfare, conducted the tests. The first assessor performed the tests,
whereas the second assessor scored the reactions of the horse to
the different tests from a distance and without interfering with the
test performance. To maintain consistency, the assessors always
wore the same type and color of clothing at all the riding centers,
including appropriate safety clothing (e.g., accident prevention
shoes) to reduce risk of injuries. Preventive safety measures always
included making sure that there were no obvious physical hazards
in the environment. Before the first assessment, both assessors
familiarized themselves with the tests by researching relevant
scientific literature and performing preliminary practical trials with
a trainer familiar with the experimental procedures.

Fear test (NOT)
For the fear test (NOT), an object which was not familiar to the

horses was used. The procedure was derived and adapted from the
work conducted by Górecka-Bruzda et al. (2011). A green, 1.5 L
plastic bottle, filled with small stones and attached by a 4-m cord,
was placed at the box entrance, and the cord was hung over the box
door to keep the bottle at a height of approximately 1.5 m. In the
original test, the plastic container was placed next to the feeding
bucket. The latency time to explore (sniffing, touching) the novel
object was measured (first latency). When the horse approached, or
after 300 seconds, the experimenter released the cord allowing the
bottle to drop, thus emitting an unexpected, muffled noise. Latency
to reapproach the bottle was then measured (second latency). The
test was considered finished when the horse reapproached the
bottle or after 300 seconds.

Avoidance distance test
At a distance of 2 m from the door of the horse box, the observer

waited until the horse’s attention was directed toward them and
then slowly began to approach the horse at approximately 1 step
per second. The observer never made direct eye contact with the
horse; conversely, they kept their eyes focused on the muzzle and
an arm raised in front of them at an angle of 45�, with the palm
facing downward. The test terminated at any point when the horse
showed an avoidance reaction (taking steps away from the observer
or turning of the head). In such instances, a score of 0 was assigned.
If the horse remained stationary and accepted being touched by the
observer, a score of 1 was recorded.

Voluntary animal approach test
The assessor stood in front of the horse boxwith their body at an

angle of approximately 45� and placed one hand on the box door
while remaining motionless for 20 seconds. The latency until the
horse approached and touched the handwasmeasured. If the horse
did not approach the experimenter, a score of “more than 20 sec-
onds” was given. The behavior of the horse was also recorded on a
3-point scale; 0 was given when the horse was aggressive (ears
back, trying to kick, trying to bite, rearing), 1 when the horse
showed no interest in human presence, and 2 when the horse was
interested and friendly (sniffing, turning the head toward the
observer, approaching).

Forced human approach test
Once the horse had touched the experimenter or after a period

of 20 seconds had passed with no signs of aggression shown, the
assessor entered the box and approached the horse. Remaining
approximately 0.5m from the animal, the assessor placed a hand on
the horse’s neck and walked slowly to the rear of the horse main-
taining contact with the horse. The behavior toward the observer
was recorded on a 3-point scale; 0 was given when the horse did
not allow the observer to touch them,1 when the horse allowed the
observer to touch them but then tried to move away, and 2 when
the horse allowed the touch.

Infrared thermography

On a group of subjects (N ¼ 22) from 3 riding centers and
representative of thewhole sample, eye temperature before the test
and after the test was evaluated. This group was composed of
horses of different breeds and sexes (10 mares, 4 stallions, and 8
geldings), aged between 3 and 27 years (mean ¼ 13 years). An
infrared camera (NEC Avio TVS500; Nippon Avionics Co., Ltd, Tokyo,
Japan) with standard optic system was used to record the temper-
ature (�C) of the lacrimal caruncle. The thermographic infrared
images were captured by a certified technician (E.H.).

Lacrimal caruncle was chosen as target area on the basis of
information derived from the studies by Bartolomé et al., 2013;



Table 2
Descriptive results of horse scores on the different questionnaire items

Item Minimum-maximum Median SD

Nervousness 1-8 4 2
Concentration 2-9 7 2
Self-reliance 3-9 7 2
Trainability 2-9 7 2
Excitability 1-5 7 2
Friendliness toward people 2-9 8 2
Curiosity 1-9 7 2
Memory 3-9 7 2
Panic 1-9 4 2
Cooperation 5-9 8 1
Inconsistent emotionality 1-9 3 2
Stubbornness 1-9 3 2
Docility 3-9 8 2
Vigilance 1-9 5 3
Perseverance 1-9 7 2
Friendliness toward horses 1-9 7 2
Competitiveness 1-9 6 2
Skittishness 1-9 4 2
Timidity 1-8 4 2
Trailer 4-9 8 1

SD, standard deviation.
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Cook et al., 2001; McGreevy et al., 2012; Stewart et al., 2009 and
because its temperature is not influenced by the presence of hair. In
our study, it was not possible to regulate room temperature and
humidity but they were relatively stable across all situations
(minimum ¼ 19.30�C, maximum ¼ 21.00�C; mean ¼ 19.73�C).

To optimize the accuracy of the thermographic image and to
reduce sources of noise, before every work session the same image
of a Lambert surface was taken to define the radiance emission and
to nullify the effect of surface reflections on tested animals (Mallick
et al., 2005). Only images perfectly on focus were used. To deter-
mine the caruncle temperature, Grayess IRT Analyzer 6.0 software
(Grayess Inc., Bradenton, FL; Grayess, 2007) was used, and the
maximum temperature (�C) within a circular area traced around
the area was measured. This maximum value was used for subse-
quent analysis.

All the horses undergoing this procedure were accustomed to
being restrained with head collar and a loose rope. To collect sharp
images without using potentially stressful restraint methods, all the
thermographic images were taken while the subject was gently
restrained by holding the lead rope fixed to the head collar,
allowing enough movement away from the approaching observer
should the horse want to retreat. All horses were scanned from the
same angle (90�) and distance (approximately 0.5 m) inside their
own box. Five images were taken before and 5 images immediately
after the test. All thermographic data were analyzed with Grayess
IRT Analyzer software.

Statistics

Data were entered into Microsoft Excel (Microsoft Corporation,
2010) and then analyzed with SPSS statistical package (IBM SPSS
Statistic 21). Descriptive statistics including relative proportions,
minimum and maximum values, median, mean, and standard de-
viations were calculated. The data were tested for normality using
the Kolmogorov-Smirnov test. The Mann-Whitney U test was used
to verify if the sex of horses affected the questionnaire scores or the
test outcomes. Differences were considered to be statistically sig-
nificant if P � 0.05. Factor analysis was performed using the
principle factor method for factor extraction to evaluate any rela-
tionship between questionnaire items. A correlation matrix with
varimax rotation was used, and factor scores were calculated for
horses when the factor’s Eigen value was >1. A two-step cluster
analysis with automatic determination of the number of clusters
was performed on questionnaire items relating to “fearfulness or
anxiety” (as determined by factor analysis) and outcomes of the
NOT to identify groups of horses that are similar to each other for
the considered variables. The two-step clustering algorithm han-
dles both continuous and categorical variables, continuous vari-
ables are z-standardized by default to make them comparable. The
Mann-Whitney U test was used to verify if the horses assigned to
different clusters significantly differed for the considered variables.
A match-paired Wilcoxon test was used to compare thermographic
data before and after the test and analysis of variance (ANOVA) was
used to compare thermographic variations between horses that did
or did not approach the novel object. The Kruskal-Wallis ANOVA
test was used to evaluate if the horses showing more intense fear
reactions to the NOT also showed higher reactivity to the human-
animal tests.

Results and discussion

The startling novel object test chosen as a reference (Górecka-
Bruzda et al., 2011) and further refined in this study was selected
because it is used in horses for measuring fear, and its validity has
been confirmed in a previous scientific work, although only in
coldblood horses. It was also promising in terms of feasibility as it is
of simple execution; it can be performed in the horse home box and
its lead time is relatively short. However, before considering
implementation in an on-farm welfare assessment protocol,
refinement of the original test was deemed necessary to avoid
possible conflicting motivations initially caused by proximity of the
novel object to the food bucket. Our results revealed that the NOT
was feasible under field conditions in sport horses. No safety issues
were encountered; no tests had to be interrupted because of
dangerous reactions of horses, and all owners showed good
acceptability of the procedure adopted to test the animals. Total
time required to perform the test revealed substantial individual
variability, ranging from 0 to 600 seconds (mean, 141 � 177 sec-
onds); mean latency time to first approach the bottle was 23 �
45 seconds, and horses needed 27 � 34 seconds to reapproach the
bottle after it had been dropped in the box.

Table 2 reports the scores (minimum, maximum, median, and
standard deviation) of each questionnaire item. Horses were
prevalently described by their caretakers as trainable, friendly
toward people, with a good memory, cooperative, docile, and were
easy to get onto the trailer, as attested by high scores in these
descriptors.

No significant differences were found in questionnaire scores
or NOT results between females and geldings (Mann-Whitney U,
P> 0.05). Stallions were not compared to the other sexes because of
their limited number (N ¼ 4). Several authors investigated the ef-
fect of sex on personality traits of horses of different breeds and
ages, using diverse methods and coming to different conclusions
(Bartolomé et al., 2013; Kędzierski and Janczarek, 2009; Maros
et al., 2010; Momozawa et al., 2007; Rietmann et al., 2004;
Seaman et al., 2002; Visser et al., 2002; Wolff et al., 1997). Our re-
sults are consistent with those of Rietmann et al., (2004) who found
that geldings did not differ frommares in any investigated measure
of mental stress during training (heart rate, heart rate variability,
and stress-related behavior) and Seaman et al. (2002), who found
no significant differences between the factor scores of mares and
geldings subjected to 3 different behavioral tests (an arena test, an
unknown person test, and a NOT). However, our findings are in
contrast with studies by Momozawa et al. (2007) and Maros et al.
(2010) who found differences between sexes in the response to a
behavioral isolation test (Momozawa et al., 2007) and in the
behavior after a response to familiar humans (Maros et al., 2010).



Table 3
Outcomes of the PCA of the recorded questionnaire items

Factor Eigen value Percentage variance
explained

Cumulative variance
explained

PC1 6.264 31.319 31.319
PC2 2.734 13.671 44.990
PC3 2.047 10.234 55.224
PC4 1.338 6.688 61.912

Item PC1 PC2 PC3 PC4

Nervousness L0.706 0.007 0.170 0.016
Concentration 0.641 0.403 �0.238 �0.303
Self-reliance 0.627 0.238 �0.243 0.249
Trainability 0.544 0.547 0.305 0.029
Excitability L0.702 0.428 �0.023 0.287
Friendliness toward people 0.510 �0.418 0.072 0.504
Curiosity 0.263 �0.188 L0.688 0.164
Memory 0.457 0.564 �0.098 �0.150
Panic L0.717 0.262 �0.081 0.243
Cooperation 0.558 0.070 0.340 0.304
Inconsistent emotionality L0.752 �0.168 �0.023 0.034
Stubbornness �0.451 �0.428 L0.628 �0.155
Docility 0.594 �0.182 0.315 0.170
Vigilance �0.390 0.599 0.192 0.209
Perseverance 0.631 0.129 0.213 �0.056
Friendliness toward horses 0.107 L0.735 0.252 0.068
Competitiveness �0.187 0.301 �0.356 0.571
Skittishness L0.798 0.145 0.234 0.194
Timidity �0.463 �0.227 0.613 �0.103
Trailer 0.488 �0.328 0.030 0.420

PC1, PCA factor 1; PC2, PCA factor 2; PC3, PCA factor 3; PC4, PCA factor 4.
Highest loadings on each factor are bold typed.
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These dissimilarities between researches may be attributed to the
diverse temperamental traits investigated using different experi-
mental settings. Results of this study confirm that most of the dif-
ferences between subjects seem to relate to individual behavioral
differences and not to the sex.
Figure 1. PCA loading plot of the questi
Predictive validity

To assess predictive validity of the NOT, the relation with a
validated questionnaire (Momozawa et al., 2005) was investigated.
Most results concerning predictive validity are similar to those
obtained by Górecka-Bruzda et al. (2011) in coldblooded horses.
Table 3 lists the outcomes of the principal component analysis
(PCA) performed on the scores of the questionnaire items. The
analysis identified 4 main factors with Eigenvectors >1, which
together explain 61.9% of the variation between horses. Figure 1
represents the PCA loadings on the first 2 factors. The first factor,
accounting for 31.3% of the total variance, shows high negative
loadings for “nervousness,” “excitability,” “panic,” “inconsistent
emotionality,” and “skittishness” suggesting that horses registering
high negative scores on this factor can be described as more
aroused and fearful than horses with high positive scores. These
questionnaire items were considered for further analysis as the
authors assumed that they could potentially be related to other
indicators of fearfulness as the latency to approach a novel object.
The first factor is also characterized by positive loadings of ques-
tionnaire items relating to trainability (“concentration,” “train-
ability,” “cooperation,” “perseverance,” “trailer”) and attitude
toward humans (“docility,” “friendliness toward people”). Fearful-
ness, attitude toward humans, and trainability might have common
background in the sense that owners could have inappropriate
reactions to fear displays affecting horses’ propensity to cooperate
with humans. The second factor accounts for 13.6% of the total
variance and shows high positive loadings for “memory” and
“vigilance,” as opposed to “friendliness toward horses.” This may
suggest that horses with high positive loadings on this factor tend
to be more alert. The meaning of the other 2 factors, accounting for
10.2% and 6.6% of the total variance, respectively, seems more
elusive. The third factor shows high loadings for “curiosity” and
“stubbornness” opposed to “timidity.” Only “competitiveness” be-
longs to factor 4, so this factor retains the name
onnaire items on the first 2 factors.



Figure 2. Proportion of horses with different questionnaire scores in the two clusters. *Mann-Whitney U test, P < 0.001. Cluster 1 ¼ 26 horses, cluster 2 ¼ 24 horses. (A color figure
can be found in the online version of this article).
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“competitiveness.” The results of 2 questionnaire items, “stub-
bornness” and “friendliness toward horses,” are difficult to explain
unambiguously as they appear not to be meaningfully associated
with the others. One possible explanation is that the owners
interpreted these questions differently. Another explanation may
be that the questionnaire was developed for a specific population
(Japanese), and respondents with a different cultural background
might interpret it differently. To avoid these drawbacks, the ques-
tionnaire has been discussed among authors, as described in
Method section. Despite these precautions, our results indicate that
some questions could have been interpreted in various ways;
hence, correct wording of questionnaire items is essential.

A two-step cluster analysis was performed on questionnaire
items relating to “arousal or anxiety” (negative loadings on the first
factor) and latency to approach and reapproach the bottle in the
fear test, to identify groups of horses that are similar to each other
for the considered variables. Two clusters were found based on the
7 input variables selected. Fifty-two percent (N ¼ 26) of the horses
were assigned to the first cluster and 48% (N ¼ 24) to the second.
Horses in cluster 2 needed significantly more time to approach the
bottle after it was dropped (Mann-Whitney U, P < 0.01) and were
described by their caretakers as more prone to panic, vigilant,
excitable, skittish, and nervous (Mann-Whitney U, P < 0.001;
Figure 2). However, they did not differ in the latency time to
approach the bottle when it was first placed at the box entrance
(Mann-Whitney U, P> 0.05). The bottle, when used as a static novel
object, probably did not possess features that induced a clear re-
action of fear enabling the differentiation of horses with various
levels of fearfulness. Other studies revealed a moderate correlation
between behavior test outcomes and subjective evaluations of
horse temperament provided by caretakers (Flentje, 2008; McCall
et al., 2006; Visser et al., 2003b). For example, Momozawa et al.
(2007, 2003) found comparable results in studies investigating
correlations between the caretakers’ responses about ordinary be-
haviors, heart rate, behavior, and latency times recorded during a
balloon reaction test or an isolation stress test. Although ques-
tionnaire surveys have the advantage of being based on long-term
observation, they have the flaw of being subject to bias based on
respondents’ personal beliefs and temperament. Moreover, they
should be carried out solely among those who are familiar with the
behavior of horses under different circumstances (Momozawa et al.,
2007), as was the case in this study. When feasible and valid,
standardized behavior tests represent a preferable asset to people
who deal with horse temperament evaluation in a broad range of
facilities as they prevent unreliability of participants’ responses.
Relationships between results of the NOT and evaluation of care-
takers suggest that, to some extent, the NOT outcomes represent a
fearfulness temperamental trait.

Convergent validity

Convergent validity of the NOT was evaluated by examining
relations between the test outcomes and variation of lacrimal
caruncle temperature. This study shows for the first time that
lacrimal caruncle temperature of horses undergoing the NOT was
significantly higher after the test compared to basal (mean tem-
perature before the test: 35.90�C � 0.59�C; mean temperature after
the test: 36.19�C � 0.60�C; Wilcoxon P < 0.01), indicating the
presence of a physiological response to the test. Examples of ther-
mographic pictures taken before and after the NOT are presented in
Figure 3 (columns B and C, respectively). As shown in the figure, the
temperature of the caruncle was higher in the post-test period
(yellow and white areas), whereas it was relatively low before the
NOT (orange areas). Furthermore, Nakayama et al. (2005) detected
transient increases in temperature in the eye regions of 4 macachi
rhesus (Macaca mulatta) during the stimulation of a potentially
threatening person. Increased caruncle temperature was described
by Stewart et al. (2007) in dairy cows injected with adrenocorti-
cotropic hormone, corticotropin-releasing hormone, and epineph-
rine. However, the same authors reported contradictory findings in



Figure 3. An example of changes in caruncle temperature of 3 horses. (A) Actual image. (B) Thermographic images before the novel object fear test (NOT). (C) Thermographic images
after the NOT.
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cattle undergoing fear-eliciting (being hit with a plastic tube on the
rump, being startled by the sudden waving of a plastic bag, re-
straint, electric prod, startled accompanied by shouting; Stewart
et al., 2008a) or painful stimuli (disbudding with or without local
anesthetic; Stewart et al., 2008b). A possible reason for discrepancy
between these studies may be because of the nature of the fear
Figure 4. Caruncle temperature variation afte
stimuli used as some of them might have caused pain besides fear.
Themagnitude of temperature variationwas related to the intensity
of reaction to the NOT; subjects that did not reapproach the bottle
after it had been dropped in the box had a higher increase in
lacrimal caruncle temperature (ANOVA P < 0.1; Figure 4). These
results confirm that horses that experienced intense negative
r fear test. *Analysis of variance P < 0.1.



Table 4
Descriptive results of human-animal relationship tests

Test Score/time Proportion/
mean � SD

Avoidance distance 0 ¼ the horse showed an
avoidance reaction

22.9%

1 ¼ the horse accepted
being touched

77.1%

Voluntary animal approach
(latency), seconds

5.3 � 6.7

Voluntary animal approach
(behavior)

0 ¼ the horse was aggressive 6.1%
1 ¼ the horse showed no
interest in human presence

28.6%

2 ¼ the horse was interested
and friendly

65.3%

Forced human approach 0 ¼ the horse did not allow
the touch

6.1%

1 ¼ the horse allowed the touch
but then tried to move away

46.9%

2 ¼ the horse allowed the touch 47.0%

SD, standard deviation.
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emotions during the fear test presented more evident behavioral
signs related to fear (they do not reapproach the bottle) and higher
variation in lacrimal caruncle temperature. Analogously to Vianna
and Carrive (2005), who investigated changes in laboratory rats
undergoing a conditioned fear response to footshock chambers and
found that tail temperature was sensitive to the level of arousal, the
findings of the present study suggest that the stronger the arousal,
the stronger the physiological response.

Discriminant validity

Discriminant validity of the NOT was studied by examining the
possible relationship with fear of people. Table 4 lists descriptive
results of the 3 human-animal relationship tests. Fifty-six percent
of the horses did not show any avoidance behavior when
approached by the assessor in the avoidance distance test. In
voluntary animal approach test and forced human approach tests,
only 6.1% of the horses displayed negative reactions. The horses
which had shown avoidance reactions during the avoidance dis-
tance test or negative reactions to the forced human approach test
did not need more time to reapproach the novel object compared
with horses that had expressed an amicable behavior toward
humans during human-animal relationship tests (ANOVA Kruskal-
Wallis, P > 0.05).

These results suggest that fear reactions shown in the NOT are
not related to the responses of horses toward unfamiliar humans.
Other research has failed to prove that different behavior tests
effectively distinguish between fear of people and a more general
fearfulness trait (Górecka-Bruzda et al., 2011). In this study, simi-
larly to Visser et al. (2003a), we demonstrated that the NOT is
specifically informative of the general fearfulness trait. These
results do not support the hypothesis that reactivity to humans
and general fearfulness belong to the same basic feature of
temperament.

Conclusion and future directions

The fear test originally developed by Górecka-Bruzda et al.
(2011), refined and adapted by the authors of this study to horses
of different breeds and to different conditions, proved to be a valid
measure of general fearfulness of horses and could be easily
implemented for use in an on-farm welfare assessment protocol.
The relatively limited number of subjects on which the thermo-
graphic measures were performed (N ¼ 22) constitutes a limiting
factor for the generalization of the results of the present study. In
any case, our results are a valid indication for a relationship be-
tween superficial eye temperature and fear emotion. This study
provides a new angle on mechanisms regulating interaction be-
tween horse emotions and behavior. Future studies should consider
a larger sample of horses to substantiate the results and to measure
time to return to baseline eye temperature after the fear stimulus.
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The roles of equine ethology and applied learning
theory in horse-related human injuries
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ethology

in their effects on the victim. This review of literature covering horse-related injuries to human beings
sought to identify rider and handler injury incidence and the relationships between antecedents and de-
mographics of incidents. Review and evaluation of previously recommended prevention strategies were
also undertaken.

There was evidence that recent technological advances in protective equipment may have mitigated
some injuries but the frequency of the incident has not changed. Despite several authors acknowledging
the important role the horse played in many of the incidents, there was little specific detail about this
role recorded. The emerging field of equitation science will contribute important insights that make
horse-use safer by reducing the ‘‘unpredictability’’ aspect of horse–human interactions.
� 2010 Elsevier Inc. All rights reserved.
Introduction

Despite millennia of horse domestication and training,
horse-riding and handling is still acknowledged as a
dangerous pastime (Nelson and Bixby-Hammett, 1992;
Abu-Zidan and Rao, 2003; Lim et al., 2003; Jagodzinski
and DeMuri, 2005; Seibenga et al., 2006; Ball et al.,
2007; Mayberry et al., 2007; Kiss et al., 2008; Bilaniuk
et al., 2009). Although injuries incurred in horse-related in-
cidents can be very serious and even fatal, recreational
equestrian activities continue to grow in popularity in
many parts of the world. Recent advances in learning the-
ory and ethology as applied to horses in the form of equi-
tation science are likely to reduce the injury risk to
reprint requests and correspondence: Lesley A. Hawson,

inary Science, University of Sydney, NSW 2006, Australia.

son@gmail.com

ee front matter � 2010 Elsevier Inc. All rights reserved.

eb.2010.06.001
people involved with horses, for example, by clarifying
ethological challenges at the horse–human interface
(McGreevy et al., 2009). Demystifying horse-training
should make horse interactions with human beings more
predictable. Although the mechanisms that underpin effec-
tive training are being more broadly accepted, there is also
opportunity for exploration of the communication processes
between the 2 species (Feh and de Mazières, 1993;
McGreevy et al., 2004; Keeling et al., 2009; McGreevy
et al., 2009). To this end, we reviewed the data published
in English over the past 20 years to collate the data avail-
able on injuries to human beings in horse-related incidents.
We sought to identify any consistent trends in the demo-
graphics of those injured, causes of injury, risk factors for
injury, role of personal protective equipment, and recom-
mendations by authors of the articles for prevention of
injury. We were particularly interested in identifying
horse-related causes for human injuries.

mailto:lhawson@gmail.com
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Materials and methods

A review of the articles cited was undertaken through the
Web of Knowledge and Scopus databases using ‘‘horse-
related injuries’’ and ‘‘equestrian injuries’’ as the search
terms. We excluded articles that specifically covered the
racing industry, as our aim was to target the sporting and
leisure horse industry. We clustered data into the following
4 broad categories:

� Adult and child riders and non-riders (19 articles)
� Adult-only riders and non-riders (4 articles)
� Child-only riders and non-riders (3 articles)
� Veterinarians (2 articles)

Non-riders included horse handlers and bystanders.
Veterinarians were included as a specific occupational
group to compare whether handling injuries differed from
handling injuries to owners. Because all articles reviewed
used different measures for evaluating incident rates and
injury severity, we tried to express as many of the variables
as was possible as simple percentages. We also reviewed
Australian Government statistics on horse-riding demo-
graphics using reports 4177.0 and 4901.0 downloaded from
the Australian Bureau of Statistics website.
Results

Demographics of horse-riders

In its analysis of participation in sports, the Australian
Bureau of Statistics (ABS, 2007) defines people aged .15
years as adults. It reports that the most populous cohort par-
ticipating in horse-riding among persons aged .15 years
was in the age group 35 to 44 years (27%), followed by
the 25 to 34 years age group (20.6%). The 45 to 54 years
age group made up 19.1% of horse-riding participants
and the 18 to 24 year age group made up 16.4%. The 15
to 17 and the 55 to 64 years age groups made up 9.7%
and 7.1% of the horse-riding participants, respectively.
There were no data available from this resource on the
age distribution of children involved in equestrian activi-
ties. Females made up 80% of adult (aged .15 years) par-
ticipants in equestrian activities (ABS, 2007) and 86.8% of
equestrian participants aged ,15 years (ABS, 2009).

Demographics of those injured

Studies of adults and child riders only (Table 1) reported
a bimodal pattern to injury frequency, with most injuries
occurring in the second and fifth decades of life (Loder,
2008). Females predominated in younger age groups but
males were more highly represented in older age groups.
Some authors reported that although fewer males appeared
in younger age groups, they often presented with more
severe injuries as compared with their female counterparts
(Jagodzinski and DeMuri, 2005; Cuenca et al., 2009). In the
non-veterinary adults-only studies (Table 2), average age
was reported to be within the fourth and fifth decades.
Bilaniuk et al. (2009) found that patients older than 50
years were more likely to sustain fractures of ribs and tho-
racolumbar vertebrae, whereas patients younger than 50
years were more likely to present with concussion and frac-
tures of the upper extremities. Upper extremity injuries also
figured prominently in studies of equestrian-related trauma
in children, with contusions, abrasions, and fractures
showing a broadly equal frequency.

Patients aged ,35 years were represented in greater
numbers as compared with other age groups (Tables 2 and
3). Females represented 20% and 26%, respectively, of
those injured in the veterinary studies (Table 4). No age-
related data were recorded in these 2 studies.

Causes of injuries

The most common mechanism of injury in the studies,
except for the veterinary-specific studies, was falling and/or
being thrown from the horse (range, 46%-83% of inci-
dents). Injuries among non-riders were most often caused
by kicks (range, 0.8%-41% for riders and handlers, 7%-
82% handler and bystanders). Veterinarians reported that
79% of injuries were caused by kicks (Lucas et al., 2009).
Bites did not figure highly as a cause of injury.
Risk factors for injury

Jagodzinski and De Mura (2005) found significant risk
factors for horse-related accidents included being female,
participating in English-style riding, and riding 15 to 24
hours per month. Kiss et al. (2008) found that children
who owned horses (or whose families owned horses)
were more likely to receive injuries during handling.

Most of the studies found that riding incidents typically
occurred within 3 years of the rider’s first horse-riding
experience. Clarke et al. (2008) showed that novice riders
(categorized as those with fewer than 100 hours riding ex-
perience) were more vulnerable to accidents than riders
with greater experience. In an earlier study, Ingemarson
et al. (1989) had found that young horses and horses whose
height was .148 cm were associated with an elevated risk
of injury. They also observed lower risk in trotting than the
galloping gaits.

Williams and Ashby (1995) reported that horse-related
accidents were more common in warmer than in the cooler
months. Accidents most often occurred in a field or pad-
dock. This study also found horse behavior to be the
most significant factor in horse-related incidents and that
the majority of case reports alluded to the horse showing
a fear response. Ball et al. (2007) also reported some factors
related directly to the horses involved in their data set. In



Table 1 Summary of articles that covered children and adults

Author(s) and

year of

publication

(Country

period

of data

collection)

Accident rate

per 100,000

people

Female

(%)

Most

frequent

injury

Most frequent

site of injury

Severity

(ISSa score)

Hospitalization-

related

statistics

Age group

features

(years)

Most common

mechanism

of injury Context

Rider-related

features

Horse-related

features

Abu-Zidan and

Rao, 2003

(prospective

hospital

records,

Australia,

1994-2000)

59 Fractures Head and face

27%,

neck 5%,

chest 8%,

abdomen 6%,

pelvis 8%,

back 13%,

upper limb

32%,

lower limb 30%

Mean 7.2 100% as cases

selected by

hospital

admission.

Those that had

more than one

mechanism of

injury stayed

longer

Mean age

females: 31

Mean age

males: 38

Falls 67%,

kicks 16%,

other 17%

Park or public

place 55%

of incidents

Amateurs:

66%

Bilaniuk et al.,

2009 (New

Jersey,

2004-2007)

84 .50 yrs, rib

fractures 23%,

T-L-S spine

fractures 18%

,50 yrs,

concussion 22%,

upper extremity

fracture 16%

Chitnavis

et al., 1996

(UK, 1991)

75 Head 6%, upper

limbs 42%,

lower limb 38%

24% 10-20 yrs,

26%;

20-30 yrs

23%

Riders (78%

of caseload):

Falls 83%,

crushed by

horse

falling 14%,

struck obstacles

55%,

entrapment

in reins 5%

Bystander/

handler

(22% of

caseload):

kicked or

stamped on

82%, bitten

10%, run into

by horse 8%

Amateurs:

75%

professional:

25%

Cripps, 2000

(Australia

Bureau of

Statistics

mortality

records

1979-1998)

0.13 deaths

per

100,000 people

(7.8 horse-

related

deaths per

100,000

participants)

15-24 yrs of

age: 54%

35-54 yrs

of age: 29%

15-24 yrs

(54%

female) and

35-54 yrs

(71% males)
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Cripps, 2000

(hospital

data Australia

Institute of

Health and

Welfare

1996-1997)

17 estimated

incident cases

of horse-

related

injury per

100,000

people

5-34 yrs of

age: 58%.

From age

of 35 on,

males have

a higher

accident

rate than

females

Fracture,

intracranial

injury

Upper

extremity,

head

Average

length of

stay 3

days

10-14 yrs, Falls or being

thrown

Exadaktylos et al.,

2002 (Bern,

Switzerland,

2000-2001)

65 Fractures

or deep

lacerations

Faceb Mean age,

female: 27

Mean age,

male: 31

21% of the 80

equestrian

accidents seen

at the hospital

were from

direct hoof

kick.

All unmounted;

standing next

to or behind

horse.

(Japan,

1985-1991)

Bruises

(38.7%),

fractures

(23.2%),

abrasions

and

lacerations

(21.4%)

Lower limb

23.7%,

shoulder

and upper

limb 20.4%,

chest 17.7%

565 patients 0-9,

16 patients 10

or greater

Kicks 39.2%,

falls 18.1%,

trampling

15.3%

Handlers

only

Ingemarson

et al., 1989

(Sweden,

1969-1982)

More females

than males

injured until

25 years of

age, then

females and

males same

rate of injury

until after 46

years of age

when males

have higher

injury rate

Fracture of

skull with

cerebral

contusion or

laceration

Head 72%,

chest 15%,

abdomen 11%

NA NA Riding schools:

11-15 yrs

Competition

riders:

16-20 yrs

Falls 49%,

kicks 16%,

trampling 4%,

horse

rolling over 9%,

miscellaneous

16%

68%

falls in

public places

59% had ,6 yrs

experience

Increased risk with

younger horses,

horses .148 cm,

Less risk trotting

(continued on next page)
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Table 1 (continued)

Author(s) and

year of

publication

(Country

period

of data

collection)

Accident rate

per 100,000

people

Female

(%)

Most

frequent

injury

Most frequent

site of injury

Severity

(ISSa score)

Hospitalization-

related

statistics

Age group

features

(years)

Most common

mechanism

of injury Context

Rider-related

features

Horse-related

features

Loder 2008

(retrospective

NEISS system

analysis USA

2002-2004)

66 Contusions/

abrasions

30.8%,

fractures

28.3%,

sprains/strains

17.6%, brain

injuries 11.6%,

lacerations

5.6%

Head and neck

28.9%, upper

extremities

29.7%, lower

extremities

16.4%, multiple

body locations

1.1%

Average

age 30.0 6

17 yrs

(33.8%

,18 yrs)

Fall 58.7%,

thrown or

bucked from

horse 22%,

riding 8.6%,

stepped or

rolled on by

horse 3.8%,

kicked by

horse 2.3%,

performing

ground care

1.9%, while

mounting

horse 1.8%,

dragged by

horse 0.4%,

horse vs. motor

vehicle 0.2%,

shoeing horse

0.1%, miscella-

neous 0.4%

At home 35.9%,

recreation/

sporting facility

30.4%, on farm

18.5%, public

property 12.3%,

street or high-

way 2.5%,

school 0.5%

Mayberry et al.,

2007

(Retrospective

survey of riders

USA, 2003)

84 Bruises/

lacerations

46%,

fractures

18%

Extremity 64%,

chest 18%, face/

scalp 16%, brain

9%, neck 9%,

spinal cord 3%,

abdomen 3%,

pelvis 2%

Median

age, 44

Riding skill level:

Novice 9.9%,

intermediate

40.4%, advanced

36.5%, instructor

or professional

12.4%

High incidence of

injury in first 18

hours of experi-

ence then abrupt

reduction by 80%

at 100 hours. Near

zero incidence at

5000 hours

Moss et al., 2002

(United

Kingdom,

Surrey,

2000-2001)

85 Fractures Upper limb

29.2%,

lower limb

22.3%,

head 17.3%,

multiple 11.2%,

thoracolumbar

10.8%,

pelvis 5%,

neck 3.1%,

abdomen 1.2%

Median

age: 26

Falls 78.5%,

kicks 11.1%,

bites 0.8%,

trodden on

5.4%,

injury while

leading horse

3.1%
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Nelson and Bixby-

Hammett, 1992

(Review of

English

language

literature 1966-

1991 mortality

and hospital

admission

reviews)

Females

predominate

in mortality

data (80% and

89%) and hospi-

tal admission

data 68%-85%.

Females suffer

more injuries

than males

52%-87%

Fractures

28%-48%

Upper

extremities

(30%-61%),

head

(10%-28%)

10-19 yrs Fallsc

Newton and

Nielsen, 2005

(Colorado,

2000-2003)

38 Fractures Average

8.5

Average

hospital

stay 72

hours

36-55 age

range highest

representation

Falls from

horse 74%,

stepped on

by horse 9%,

horse rolled

on person

11%, head

hit horse

2%, other 2%

70%

incidents

occurred

during

recreational

pursuits,

68% were

injured

riding or

tending

rental horses

80% incidents

due to loose

cinches and

saddle slip.

Rider

carelessness,

mismatching

horse to rider:

Beginners:

55%,

Novices: 10%,

Experienced

riders: 35%

Smartt and

Chalmers, 2009

(New Zealand,

2002-2003)

233 per 100,000

but when

include only

‘‘regular

ridersd’’, rate

rises to 469 per

100,000.

In 13-15 age

group rises to

900 per

100,000

66 Fractures/

dislocations

of limb and

girdle bones

followed by

skull, spine

and pelvic

bones

Head and neck

23%,

abdomen or

lower back

18%,

lower leg 17%.

Median age,

31 but female

cases younger

(median 28 yrs

vs. 38 yrs for

males)

10-14 yrs age

group highest

number of

incidents

Riders: Falls 70%

Bystander/

handlers:

Bitten/struck

by horse 20%

41% during sport

or leisure activ-

ities, 98.2% all

cases were

sustained dur-

ing horse riding

with ,2% at-

tributed to

horse racing,

polo and rodeo.

Place of

occurrence

unspecified

(32%), 24% on

farm, only 1%

were reported

in a school

Sorli, 2000 (Review

of health and

coroner

databases

British

Columbia,

Canada,

1991-1996)

62 Fractures Head 20%, upper

limb 19%, lower

limb, 18%, trunk

18%, spine 7%,

unspecified

makes up

remaindera

25%: ,10, 36%:

16-34, 37%:

35-83

(continued on next page)
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Table 1 (continued)

Author(s) and

year of

publication

(Country

period

of data

collection)

Accident rate

per 100,000

people

Female

(%)

Most

frequent

injury

Most frequent

site of injury

Severity

(ISSa score)

Hospitalization-

related

statistics

Age group

features

(years)

Most common

mechanism

of injury Context

Rider-related

features

Horse-related

features

Thomas et al.,

2006

(Review of

NEISS data USA

2001-2003)

35.7 per 100,000

population p.a.

59 Contusions/abra-

sions 31.4%,

fractures

25.2%,

strains/sprains

15.8%,

concussion/

internal head

injury 9.7%,

lacerations

7.7%,

haema-

toma1.8%,

dislocations

1.8%, other/

unknown 6.6%

Head/neck 22.3%,

upper trunk

17.7%, lower

trunk 14.6%,

upper extremi-

ties 21.5%,

lower extremi-

ties 22.2%,

other 0.9%

12% 10-14,

9.8% 15-19,

10.3% 35-39,

11.5% 40-44

Fall 78.9%, struck

by or against

24%, crush

13.2%, overex-

ertion 5.3%,

bite 1.7%,

other 0.7%

Williams and

Ashby,

1995 (Victoria,

Australia,

collection

periods varied

by hospital but

were in the

period

1988-1995)

16 (whole

state 5 18)

Of cases

involving

children: 77

Of cases

involving

adults: 59

Fractures

followed by

soft-tissue

injury.

Fractures

accounted for

43% of child

injuries and

30% of adult

injuries;

soft-tissue

injuries 335

child injuries

and 29%

adult injuries

Upper limbs (50%

children, 34%

adults), lower

limbs (17%

children, 27%

adults), head

and face (22%

children, 20%

adults), rib

fractures (4%

of adults only),

face and scalp

4%

27% (but 48%

in total

required

referral or

review after

initial

consultation

in ER)

10-19yrs Falls (77%

of all cases),

crushesdhorse

rolled on or

stood on

victim (7%),

kicks (4%),

rider being

dragged (2%)

Accidents

more common

in warmer

months, field/

paddock most

common site of

incident. Horse

behavior largest

factor in

accident

(39%)

97% of cases

occurred

when riding

the horse

Horse behavior

given as

factor in 61%

accidents

involving

children

(compared

with 39% of

those

involving

adults)

As above,

retrospective

study

1991-1993

56 Extremities, then

head or spine,

then trunk

24% Professional: 76%

Recreational:

24%

Bold entries include data on handler injuries.
aInjury Severity Score.
bAll patients reported wearing a helmet at the time of injury but, as noted by the authors, helmets do not protect the face.
cUnable to determine if some of these injuries occurred during handling rather than riding.
d‘‘Regular riders’’ being defined in this study as children over 5 years and adults who had ridden at any time in the last month.
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their study, horses had a median age of 7 years and between
0 to 60 months of training. Both Ball et al. (2007) and
Newton and Nielsen (2005) retrospectively interviewed pa-
tients about the accidents and therefore provided informa-
tion on the cause of those accidents. The causes they
listed included horse having ‘‘spooked,’’ horse not having
been trained for riders’ ‘‘input demands,’’ bad temperament
(presumably of the horse), equipment failure (including
loose girths/cinches), rider inexperience or carelessness,
and the rider ‘‘simply having fallen.’’

In a study by Ball et al. (2007), riders had a mean of 27
years experience. In contrast, Ng and Chung (2004) and
Abu-Zidan and Rao (2003) found no association between
rate of hospital admission and a rider’s status (leisure or
professional), previous riding or injury experiences, or
presence of supervision at the time of riding. Similarly,
Kriss and Kriss’s report (1997) also showed no correlation
between victims’ age, gender, or level of experience.
Common injuries

The areas of the body most vulnerable to horse-related
injury are the head, hand or wrist, foot or ankle, and spinal
cord or vertebral column. There is some evidence that older
riders may be more vulnerable to thoracic injury. Contu-
sions, abrasions, and fractures figure prominently. Concus-
sion and brain injury were reported commonly in studies in
which helmet usage was limited.
Effect of personal protective equipment

More recent articles found that improvements in helmet
design and greater acceptance of the need to wear helmets
when riding have helped to reduce the number of head
traumas arising from horse-related accidents (Chitnavis
et al., 1996; Moss et al., 2002; Abu-Zidan and Rao, 2003;
Lim et al., 2003; Mayberry et al., 2007). There was some
evidence that helmeted riders may sustain more facial in-
juries (Lim et al., 2003). Several articles predicted that
the advent and adoption of protective vests may contribute
to a drop in trunk injuries (Ball et al., 2007; Kiss et al.,
2008; Bilaniuk et al., 2009), but the effectiveness of these
vests has not been fully evaluated (Thomas et al., 2006).
Protective footwear that provides ankle support has also
been advocated to prevent ankle and foot injuries associ-
ated with horse-related incidents (Ceroni et al., 2007).
Injury-prevention strategies

A summary of prevention strategies proposed by the
authors of articles within the current review appears in
Table 5. Lucas et al. (2009) also suggested that personal
protective equipment, such as helmets and vests, may
prevent serious injury to veterinarians treating horses.
Discussion

Generally, the studies considered in the current review
agree that horse-riding and handling are dangerous activ-
ities. Factors contributing to the inherent dangers of contact
with horses include the size and unpredictable nature of
horses, elevation of riders on horseback well above the
ground, the kicking force of the horse, which is estimated to
be approximately 1,000 N, and the speed of horses (up to
65 km/hr).

There was agreement that horse-related incidents can
lead to a wide range of injuries, from mild contusions to
death. Kiss et al. (2008) noted that one quarter of all lethal
sport injuries in children are caused by horse-riding,
whereas Ceroni (2007) concurred with the previous re-
search, reporting that horse-riders can expect to be involved
in a serious accident once in every 350 hours of contact
time. In contrast, motor-cyclists have an expected rate of
1 serious accident every 7,000 hours. Furthermore, horse-
riding injuries were responsible for significant numbers of
hospital admittance days across the studies. Ten of the arti-
cles listed hospital admissions, with 5 specifying average
hospital stays of 3 days or more (Cripps, 2000; Newton
and Nielsen, 2005; Ball et al., 2007; Kiss et al., 2008;
Cuenca et al., 2009).

Several studies reported a horse-related accident rate
ranging from 16 to 233 per 100,000 people (Williams and
Ashby, 1995; Jagodzinski and DeMuri, 2005; Smartt and
Chalmers, 2009). When only ‘‘regular riders’’ were in-
cluded, the rate rose to 469 per 100,000 (Smartt and
Chalmers, 2009). This compares with a dog-related injury
rates of 12.1 per 100,000 for males and 10.4 per 100,000
for females (Renate and James, 2005). Despite the higher
injury rate associated with horses, there is a glaring omis-
sion of legislation covering horse-related activities in
many countries (Fleming et al., 2001; Thomas et al.,
2006), even though legislation designed to mitigate injury
exists for apparently less common motor-cycle or dog-
related incidents.

Demographics of those injured

The age- and gender-related distribution of horse-related
accidents may simply reflect the demographics of the riding
population. Figures from the Australian Bureau of Statistics
show that the highest percentage of adults riding horses
coincides with the highest frequency of adult injuries in the
fourth and fifth decades of life. The ratio of females to
males (6:1) aged ,15 years participating in horse-riding
activities, as reported in 4901.0 Children’s Participation in
Cultural and Leisure Activities (ABS, 2009) corresponds
broadly to the ratio of injuries to females and males found
in several of the articles covering this age group (Table 3).

Novice riders in their first 100 hours of riding appear to
be at more risk of horse-related injury (Mayberry et al.,
2007) and this would account for the high number of
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females in the 10 to 14 years age group represented in many
of the studies, as presumably many children are beginning
their riding careers in this period. It does not account for
handling and riding injuries being more common among
horse-owning human beings, or explain why males, espe-
cially those in their fourth or fifth decade, should be
more likely to suffer serious injury than females in the
same age group. Cuenca et al. (2009) noted that younger
males in their study were less likely to wear helmets or
other safety gear. Perhaps, older males take more risks or
ride the more unpredictable animals. Williams and Ashby
(1995) also suggest that higher representation of males in
the 40- to 49-year age group is a reflection of occupational
injury. Several studies found that experience did not neces-
sarily moderate the severity of injuries and that risk of se-
rious injury, including those among veterinarians, could be
a function of cumulative exposure (Ball et al., 2007; Loder,
2008; Lucas et al., 2009). Arguably, experience in itself
would not be preventative if new knowledge has not been
incorporated into practice. Alternatively, it would be useful
to identify if more experienced horse-riders and handlers
are exposed to more reactive horses as part of their cumu-
lative exposure.

If serious injury is a likely result of exposure to horses,
then the centuries of horse management, training, and
education to date appear to have done little to prevent
injuries to human beings in their interactions with equids.

McGreevy et al. (2009) argue that because riding horses
has no biological analogues in nature, riders and trainers
must use learning theory and novel interspecific signals to
control the horse under saddle. This underpins the impor-
tance of consistent and well-timed signals to elicit clear lo-
comotory responses in the horse and the need to minimize
horses’ autonomy when they are ridden or handled. Failure
to do so will result in ethologically predictable, but poten-
tially very dangerous, flight or fight responses to permeate
the ridden (and handled) horse’s behavior. Confusion
among horses can often result when novice riders, who
have yet to develop adequate skills, body control, or bal-
ance, apply pressure signals that are inconsistent and inde-
pendent of attempts to stay on-board. Furthermore, to be
safe when ridden, horses must be under the control of inter-
species signaling system rather than environmental stimuli.
The good news is that there appears to be only a small num-
ber of signals from human beings that are required to cue
even the most elaborate equine responses (e.g., in elite level
equestrian sport).

Causes of injuries

There are many reasons that a rider may fall from a
horse. Sometimes the rider simply loses balance. The
growing understanding of the influence of the rider on the
horse’s stability and balance (Peham et al., 2004; Lagarde
et al., 2005; Peham et al., 2008; Symes and Ellis, 2009)
has yet to be acknowledged in published data on horse-
related injury. There is no current reliable measure of
what constitutes a secure seat or how this can be evaluated.
Being physically capable of controlling reins does not nec-
essarily confer immediate control of the horse if the horse
has not been trained to respond to the negative reinforce-
ment mechanisms that rein pressure is intended to elicit.
Changes in the horse’s gait and direction unforeseen by
the rider can also unseat the rider.

Poor stimulus control of the horse by the rider and
activation of the flight response are two aspects of horse–
rider interactions that warrant further investigation as a
means of preventing or mitigating horse-related accidents
(McGreevy and McLean, 2007). Records of the type of ap-
paratus being used at the time of any injury may assist in
analyzing the controllable aspects of the horse–rider inter-
action. Avoidance of severe bits may at first glance seem to
reduce the rider’s control. However, it may also speak of
the need for stronger bits as a result of habituation to milder
ones. A more thorough understanding of bit mechanism and
its role in negative reinforcement reveals how habituation
to bit pressure actually makes the horse’s response more
unpredictable. Any move toward milder biting apparatus
must be accompanied by an improved understanding of
learning theory (Warren-Smith and McGreevy, 2008). In
the long-term, the use of modern materials, such as ‘‘smart
textiles’’ that are self-tightening (for cinches) or ‘‘memory
foam,’’ may lead to the development of safer equipment
than is currently available.

The finding that the ‘‘galloping gaits’’ are associated
with more accidents is not surprising; not only do they
involve higher velocity, but the biomechanics of these gaits
dictate that the rider experiences forces in the medial/lateral
as well as in the cranial/caudal plane (Johnston et al., 2004;
Lagarde et al., 2005; Lovett et al., 2005).

Handlers, including veterinarians, and bystanders are
most commonly injured by horse kicks. Kicking is a normal
part of the equid ethogram (McDonnell and Haviland,
1995) and one of the few active defense mechanisms that
the horse possesses to deter aversive stimuli. In very young
foals, the kick is a reflex response to pressure on the plantar
aspect of the hind limb (Waring, 2003). A kick is, therefore,
potentially the usual response to a stimulus that is uniden-
tified or alarming. Horses may have to actively learn to sup-
press this natural behavior through habituation or operant
conditioning when a human being is in close proximity to
their hind limbs. The behavior of the human being some-
times overrides this habituation (e.g., when administering
a needle or appearing suddenly behind a horse) so that
the horse becomes more likely to kick.

Effect of personal protective equipment

Personal protective equipment has reduced the severity
of some horse-related injuries among riders. Equipment,
such as helmets (particularly those with face guards) and
protective vests, could also reduce injuries to horse handlers



Table 2 Summary of articles covering adults only

Author(s) and

year of

publication

(Country

period

of data

collection)

Female

(%)

Death

rate

Most

frequent

injury

Most frequent

site of injury

Severity

(ISSa score) Hospitalization

Mean age

group

(years)

Most common

mechanism of

injury Context

Rider-

related

features

Horse-

related

features

Ball et al., 2007

(Canada

1995-2005)

40 7% Fractures,

pneumothoraces

and

hemothoraces

Chest 54%, head

48%, abdomen

22%, skull 18%,

extremity

fractures

17%, spinal

fractures 17%,

pelvic fractures

15%, spinal

cord 6%,

neck 1%

Mean 20

(required

a ISS .12 to be

admitted

to study)

13 days 47 60% falling from

horse, 16%

crushed by falling

horse, 8% kicked,

4% stepped on,

13% otherb

Outdoors 88%,

wide open spaces

45%, dry dirt

38%, uncultivated

land 37%, sunny

87%, summer

55%, afternoons

53%

Mean 27 yrs

experience,

rode Western

style. 6% riders

,1 yr experience,

47% riders had

been injured

previously

Horse median

age 7 yrs and

training range

0-60 months.

Horse ‘‘spooked’’

35%, not trained

for rider’s input

demands 27%,

bad temperament

15%, simply fell

12%, equipment

failure 6%, rider

inexperience 5%

Johns et al.,

2004

(retrospective

study hospital

admissions

Auckland, New

Zealand,

1994-2001)

76 Only

fatalities

studied

Soft tissue 29%

Upper extremities

25%, lower

extremities 24%,

head 19%

Mean 5 34 29% falling from

horse, 17%

thrown from horse,

23% crushed by

horse, 18% kickedb

Leisure

riders

predominate

Ng and Chung,

2004 (prospective

study Hong

Kong, 2002)

Minor injuries

60%, fractures

and dislocations

29.1%

Upper limb

injuries

23.6%

33 Riders: falling

from horse 60%,

non-riding 72%,

kicked or

trodden on 7%

No association

between rider’s

status, previous

riding or injury

experiences or

presence of

supervision at

time of riding

with rate of

admission

Clarke et al.,

2008 (Ohio,

1993-2004)

50 7% Orthopedics

19%,

neurosurgery

6%, general

surgery 5%,

urology/

vascular 8%

Head and face

38%, thoracic

26%, spinal

column or cord

22%, pelvis 21%,

extremity

injuries 21%

35 ± 8 in

non survivors

15.5 surgery

patients, 12.3

non-surgery

patients

42 Fall from horse

68%, crush 12%,

kicked 8%,

trampled on 5%

(interpreted

from graph)

Novice riders

(i.e., ,100 hours

riding) more

vulnerable to

accident

Bold entries include data on handler injuries.
aThere was trend for kick injuries to occur at work rather than in the leisure-riding environment.
bUnable to determine if some of these injuries occurred during handling rather than riding.
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Table 3 Summary of articles covering children only

Author(s) and

year of publication

(Country period of

data collection)

Female

(%)

Most

frequent

injury

Most frequent

site of injury Hospitalization

Age-

related

data

(years)

Most common

mechanism

of injury Context

Rider-related

features

Horse-related

features

Jagodzinski and

DeMuri, 2005

(USA 2002)

62 except

more males

in ,4 yrs

age group

Contusions/

abrasions

28.6%,

fractures

27.7%

Head and face

38%,

upper extremities

24%,

lower extremities

20%,

chest 9%,

abdomen 8%,

pelvis 4%,

neck/cervical

spine 4%,

back/thoracolumbar

spine 8%

Mounted:

Falls from horse

52%, fell off and

kicked 4%, fell

off and stepped

on 4%, fell off

and dragged,

entrapped or

other 5%

Unmounted:

kicked 29%,

stepped on by

horse 4%,

crushed or dragged

by horse 2%

Sporting

venues

most

common,

followed

by home

Risk factors:

Female OR (odds

ratio) 5 1.81,

English-style

riding OR 5 1.77,

riding 15-24

hours per month

OR 5 2.04

Kiss et al.,

2008 (Hungary,

Austria

1999-2003)

90 Contusions Riding:

Head/neck 24%,

upper arm 14%,

forearm 6%, wrist/

hand17%, trunk

22%,

lower leg 4%,

ankle foot 12%,

Handling: Head/neck

19%, upper arm 45%,

forearm 15%, wrist/

hand 19%, trunk

24%, lower leg 4%,

ankle foot 15%

Children with

familiar horse

average hospital stay

2.88 days

Children with

unfamiliar horse

average hospital

stay 7.33 days

Mean

age: 11

Falling from

horseback 70.5%,

falls with horse

6.3%, kicks 0.8%,

bites 4.5%,

collision 2.7%,

trampling 2.7%,

other 3.6%

Incidents

typically occur

3 yrs after first

horse-riding

experience

Ownership of

horse associated

with more injuries

during handling

but injuries

associated with

riding more

common if

children did not

own horse

Cuenca et al.,

2009 (Florida,

11-yr period)

82, although

boys more

likely to have

polytrauma

Lacerations

and contusions

58%,

orthopedic 31%

Orthopedic 34%, Head

23%,

Abdominal 21%, Chest

11%,

Multiple 13%

50% required

admission

(64% without

helmets vs. 39%,

with helmets).

Average stay

4 days

Median

age: 12

82% falling or

thrown, 6%

kicked, trampled

or trapped under

animala

12% during

competition

Bold entries include data on handler injuries.
aUnable to determine whether some of these injuries occurred during handling rather than riding.
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and bystanders. However, it should be noted that even
current ‘‘gold-standard’’ helmets are not designed to with-
stand the focused force within a direct blow from a horse
kick. Despite the undeniable evidence that wearing per-
sonal protective equipment does reduce the severity of
horse-related injury, some authors noted a resistance to do
so among certain riders (Ball et al., 2007). It is unclear
whether this resistance is cultural or based on factors
such as personal comfort. Extremity injuries may be re-
duced through the use of protective equipment, such as
pads and gloves, similar to those designed for motorcycle
racing. That said, personal protective equipment is effective
only in mitigating the damage that can be incurred. Of
course, it does not prevent the dangerous situation arising
in the first place.

Preventative strategies

The ‘‘unpredictable’’ nature of horses is commonly cited
as a cause of human injury. Recent advances in ethology
and equitation science may make horse behavior more
predictable (McLean and McGreevy, 2010). A clear under-
standing of the probable behavior patterns a horse can ex-
hibit in a given context would help riders and handlers to
predict and manage such behaviors. Horse trainers may
be able to address this aspect of horse behavior through a
more thorough application of current advances in learning
theory (McLean, 2008; McLean and McLean, 2008).

We question the practicality of some of the preventative
suggestions listed in Table 5. The concept of close supervi-
sion is laudable but, in practice, a horse that is shying,
bucking, rearing, or bolting, (i.e., displaying flight re-
sponses) will not respond safely to indirect instruction or
intervention by even the most experienced supervisor.
The only supervisors who could be effective in these cir-
cumstances would have some control of the horse through
a long rein or lead and would need considerable knowledge
and skill. Similarly, indoor facilities are not always avail-
able and it seems impractical to ask riders to stay indoors
and avoid ‘‘unsuitable’’ terrain until they have accrued 3
years of experience. Finally, it is obviously impossible to
‘‘avoid hind legs of horses at all times.’’

As horse behavior figures so prominently as a precipi-
tating factor in as many as 61% of incidents (Williams and
Ashby, 1995), consideration of variables associated with
the horses must form the foundation of effective injury pre-
vention and mitigation. We agree with Nelson and Bixby-
Hammett (1992) that further research for data on safety
around the breed and training of the horse are needed. Ap-
plication of recently developed knowledge on breed-typical
behavior (Lloyd et al., 2008) could help horse-riders and
trainers make informed choices on the suitability of certain
breeds for work requirements. Breeds that score lower on
anxiousness and excitability presumably make better
mounts for novice (and therefore unpredictable) riders.
Ingemarson et al. (1989) observed that young horses are



Table 5 Accident-prevention strategies identified by authors in articles on horse-related injuries in humans

Horse-related factors Rider-/handler-related factors Parental/instructor factors Equipment factors Environmental factors

Horse fed and watered Children to be developmentally

capable of a secure seat and to

control extremities in order to

control horse through reins

Close parental supervision of

children

Regular thorough checking of

tack. Saddle fit should be snug

and stirrup size

appropriate for rider

Avoid excessively soft or muddy

ground and ditches, holes, and

uneven terrain with rocks or

exercise caution if these sur-

faces are unavoidable

Smaller horses, temperament

of horse

Training in horse safety (e.g.,

horse behavior, falling

techniques, banning

wrapping reins or leads around

limbs or neck)

Good knowledge of horses and

their behavior

Safety stirrups should be used Riders to be limited to indoor

schools until greater than 3 yrs’

experience

Avoid hindlegs of horses at

all times

Rider’s skill level matched to ap-

propriate horse (e.g.,

novice riders on horses older

than 5 yrs)

Parental training schemes in

horse behavior and risks

involved

Avoid bareback riding

Children to be warned of horse

‘‘danger zones’’

Personal protective

equipment to be used when

riding and handling horses

(e.g., mouth-guards,

face-shields, non-stick

protective gloves),

appropriate footwear (e.g.,

support the ankle, smooth

soles, definite heel), safety

vests/chest protectors,

approved helmets, adoption of

wrist protectors

Senior riders should take steps to

prevent osteoporosis

Avoid alcohol consumption before

and during horse activities
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more commonly associated with accidents, implying that
older horses behave differently. In learning theory terms,
it would be appropriate to conclude that older horses are
more habituated to their environment or in optimal practice
have well-consolidated and reliable responses and are
therefore less reactive. This would be perceived as their be-
havior being more predictable. Alternatively, horses that
have behaved too unpredictably (as perceived by their hu-
man handlers) may have been culled from the riding popu-
lation over time. This possibility is reflected in Ödberg and
Bouissou’s (1999) study showing that wastage in young
horses is often because of perceived behavioral problems.
We can only speculate that taller horses are associated
more with serious injury (Ingemarson et al., 1989) because
there is farther to fall.

Recent advances in applying learning theory to horses
contradict Mayberry et al.’s (2007) view that horses cannot
be fully tamed. Horses with poorly trained acceleration and
deceleration responses, both in-hand and under-saddle,
show a positive correlation with unpredictable hyper-
reactive and conflict behaviors (especially elements of the
flight response). Retraining of basic operant responses
must form part of everyday horse–human interactions to re-
inforce obedient and predictable equine behavior (McLean,
2005). An understanding by riders, instructors, and parents
of the role of learning theory and desensitization in horse-
training (Christensen et al., 2006; McLean, 2008) would
also reduce conflict and confusion in the horse and rider/
handler dyad. The same can be said for practical applica-
tion of knowledge about the action and effect of equipment
on horses (Quick and Warren-Smith, 2009; Meschan et al.,
2007). Keeling et al.’s (2009) recent study showed that
horses appear to be affected by the arousal state of their
riders or handlers. The rider also influences a horse’s gaits
(Peham et al., 2004) and may play an underestimated role
in disturbing the horse’s centre of balance causing the horse
to stumble or become less predictable in its gaits. Many of
the preventative strategies suggested by the articles re-
viewed here call for more training in horse behavior for
horse-riders and handlers. This should include evidence-
based explanations of learning theory and equine ethology
(McGreevy et al., 2009). Just as horses and riders cannot be
considered as separate entities when assessing perfor-
mance, strategies for preventing injuries must always
include the equine member of the dyad.

Conclusions

Horse-related injuries to human beings are relatively com-
mon, and unfortunately, can have a profound effect on the
quality of life of the injured human being. Numerous
studies over the past 2 decades have reported factors as
recorded by medical staff that may have contributed to
incidents involving horses. However, generally collation of
horse-related factors is only limited in these studies and
verification of the horse’s behavior and the specific stimuli
to which it was responding in the context of the incident is
virtually absent. We propose that, in light of the increasing
body of knowledge related to horse behavior, emphasis
should be placed on the epidemiology of horse behavior in
horse-related accidents so that more effective preventative
strategies can be implemented. Such strategies should
include incorporating learning theory principles into horse
and rider training to reduce flight and defense responses in
horses (particularly in those destined for novice and child
riders and handlers), and the generation of effective,
verified, safety protocols when riding and handling horses.
Legislation requiring the mandatory wearing of approved
helmets and footwear should be encouraged. As equitation
science gains currency as a way to study and improve horse
welfare and performance, it is important to acknowledge
the roles of equine ethology and learning theory in
enhancing rider safety.
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Horse-riding accidents: When the human-animal relationship goes wrong!  

L. J. Keeling1 , A. Blomberg1 and J. Ladewig2 1 Swedish University of Agricultural Sciences, Department of 

Animal Environment and Health, P.O.Box 234, SE-532 23, Skara, Sweden. 2 The Royal Veterinary and 

Agricultural University, Department of Animal Science and Animal Health, Bülowsvej 13, 1870 Frederiksberg 

C, Denmark  

Accident surveys have indicated that horse riding is among the top 10 most dangerous sports and second 

only to motor racing if the severity of the accident is considered. While the recommendation to wear a 

safety hat may reduce the severity, it can not prevent accidents. To obtain a better understanding of the 

relative contributions of horse and rider, patients going to a hospital because of a horse related accident 

were asked to fill out a questionnaire about themselves, the horse, the management and training of the 

horse, and the circumstances around the accident. The aim of the study was to investigate the most 

common reasons for horse accidents and to identify possible ways to prevent similar accidents in the 

future.  

Over a period of 3 years, 385 patients were questioned (response rate = 76%). The distribution of horse 

breeds was not significantly different from expected, although there were approximately twice as many 

accidents with large ponies (13%) compared to small ponies (6.2%). Probably linked to this result, we found 

that the 13-25 year age group of riders was over represented in our study (50%) compared to the expected 

(29%) from the distribution of Swedish Equestrian Federation members. When riders were asked to assess 

their own level of experience 65% assessed themselves as above average (4 or 5 on the 5-point scale) 

whereas only 13% considered themselves below average (1 or 2 on the scale). It may be that the people in 

our study were more experienced, riding under more dangerous conditions, but this finding can be 

compared with studies of car drivers where it has been shown that people in high risk groups have a 

tendency to think they are better drivers than others and over estimate their own capability. The results of 

our study may reflect that teenagers believe that they are better horse riders than they really are.  

Accidents were divided into four categories. Pure accidents (33%) which would be difficult for the rider to 

foresee. The horse being frightened (27%) which probably reflects the horse’s natural instinct to flee from 

danger. Misunderstandings between horse and rider (22%) of which 43% happened during show jumping. 

Disobedience was the fourth category of accident (18%). Several factors tended to influence the type of 

accident, but one important contributing factor was how much of the routine care and management the 

person did themselves. People involved in pure accidents and accidents caused by the horse being 

frightened did more of the management (median = 4 out of a maximum of 5) compared to people involved 

in accidents caused by misunderstandings between the horse and rider or the horse being disobedient 

(median = 2).  

Although the survey is unable to demonstrate direct connections between housing or management 

procedures and accidents, it supports the notion that the experience of the rider and his or her familiarity 

with the horse constitute important safety aspects in horse riding. 
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INTRODUCTION

Temperament is generally defined as a set of individual

differences in behavioral tendencies that are present early

in life and are relatively stable across various kinds of

situations and over the course of time (Bates, 1987;

Goldsmith et al., 1987). These behavioral tendencies are

called dimensions or traits (Eysenck, 1967), and include

fearfulness, activity, sociability, aggressiveness, etc. (for a

review, see Gosling, 2001).

The stability across situations of the behavioral

expression of dimensions or traits such as fearfulness, or

type of reaction toward humans (e.g., approach or

avoidance) has been studied in numerous species. For

example, many correlations have been found between

reactions to different fear-inducing situations such as

tonic immobility tests, fear-conditioning tests or tests

involving novelty or suddenness (Boissy, 1998 for

review). Consistency has also been found between

different reactions to humans, such as reactions to a

passive or active human (e.g., sheep: Vandenheede,

Bouissou, & Picard, 1998; calves: de Passillé, Rushen,

& Martin., 1995; horses: Lansade, Bouissou, & Le Pape,

2003; Viérin, Bouissou, Vandenheede, Trillaud-Geyl, &

Arnaud, 1998). Consistency between fearfulness and

reactivity to humans is debatable: it has been observed in

some studies (sheep: Romeyer & Bouissou, 1992; calves:

de Passillé et al., 1995; horses: Viérin et al., 1998), and not

in others (cattle: Boivin, Le Neindre, Chupin, Garel, &

Trillat, 1992; poultry: Jones, & Waddington, 1992).

Concerning stability over time, consistent fear re-

actions over a period of a few months have been found in

poultry (Webster & Hurnik, 1990), pigs (Kooij et al.,

2002), calves (Jensen, Munksgaard, Mogensen, & Krohn,
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1999; Van Reenen et al., 2004), and dogs (Goddard &

Beilharz, 1984). In postweaned horses, fear reactions

measured during tests involving novelty or suddenness are

constant both in the short term (during 1 month: Visser

et al., 2001) and long term (from 8 months to 2.5 years of

age: Lansade et al., 2003). Continuity of type of reaction

toward humans over several months has also been

reported in pigs (Kooij et al.), sheep (Kilgour, 1998),

bighorn ewes (Réale, Gallant, Leblanc, & Festa-Bianchet,

2000), goats (Lyons, Price, & Moberg, 1988), and heifers

(Kerr & Wood-Gush, 1987). In horses, behavior recorded

during a handling test remained constant from 8 months to

2.5 years of age (Lansade et al., 2003; Visser et al., 2001).

The behavioral manifestation of temperamental traits

is the result of a process of ontogeny. Therefore, in young

animals, this manifestation can change according to

maturation and environmental experience (Thomas &

Chess, 1977; Zuckerman, 1991). For example, fear

reactions are not usually present in very young individuals

but generally emerge progressively over time. Children

under two show no sign of fear of snakes; between three

and four they show signs of cautiousness, and at 4 years

and above they show definite signs of fear which increase

with age. A similar phenomenon has been found in

chimpanzees. Likewise, fear reactions to darkness,

animals, strangers or heights develop in human infants

between 8 months and 4 years of age (Gray, 1987).

The gradual emergence of behavior patterns during

development has also been studied in species other than

primates. In the domestic chick, fear responses, especially

avoidance reactions toward a novel object (Andrew &

Brennan, 1983; Bateson, 1964; Salzen, 1979) and avoid-

ance of humans (Jones, 1995), increase in intensity from

very low levels at 1 day of age to high levels at 9 or 10 days

of age. In altricial mammals such as rats, the freezing

reaction (from which fearfulness can be inferred) appears

progressively within the first 20 days of life (Hansen &

Hard, 1980). This is also the case for exploratory behavior,

which has been reported to increase in the first weeks of life

in mice (Ricceri, Colozza, & Calamandrei, 2000) and in

silver foxes (Belyaev, Plyusnina, & Trut, 1984, 1985). In

dogs, increased responsiveness toward human presence

between 5 and 8 months of age has been reported by

Goddard and Beilharz (1984).

Early development of fear reactions and reactions to

humans has been studied less in precocial mammals such

as farm animals. In sheep, some studies have looked at

how reaction to humans develops, but the results appear to

be contradictory. When animals were subjected to test

situations which involved isolation with or without a

surprise effect or human presence, 3- to 4-month-

old lambs presented more fear reactions than those aged

5–6 months (Viérin & Bouissou, 2003). In older sheep,

an age-dependent decrease in withdrawal reactions or

number of vocalizations in the presence of a human has

been reported from weaning to 20 months (Kilgour, 1998;

Lankin, 1997). The intra-situation consistency seems

to depend on age: for example, Jensen et al. (1999)

repeatedly tested calves in an open-field test at the ages of

2, 10, and 25 weeks. These authors demonstrated that

there was no correlation between individual differences at

2 weeks and individual differences at 10 or 25 weeks. By

contrast, vocalizations and number of squares entered

were positively correlated between 10 and 25 weeks.

Similarly, Van Reenen et al. (2004) repeatedly tested

heifer calves at 3, 16, and 29 weeks of age in four

behavioral tests: an open-field test, exposure to a

stationary human, a novel object test, and a restraint test.

Again, consistency of individual differences increased

with increasing age (a higher proportion of significant

rank correlations between 16 and 29 weeks of age than

between 3 and 16, and 3 and 29 weeks).

The study of fear reactions and reactions toward

humans in farm animals is of interest because they can

lead to handling problems and, when intense or chronic, to

a state of stress which can be detrimental to the animal’s

welfare. They could also affect various aspects of

behavior and productivity, for example, maternal beha-

vior, reproduction potential, milk production, and resis-

tance to disease (for reviews: Boissy & Bouissou, 1988;

Rushen, Taylor, & de Passillé, 1999). Strong fear reactions

or difficult relationships with humans can make horses

unsuitable for riding and could potentially lead to

accidents. Furthermore, fear reactions have been shown

to impair the learning ability of horses (Fiske & Potter,

1979; Heird, Whitaker, Bell, Ramsey, & Lokey, 1986; Le

Scolan, Hausberger, & Wolff, 1997). However, the

development of fear responses in horses from an early

age and their consistency between situations and over time

have not been studied. Understanding the development of

foals’ fear reactions and reactions to humans could have at

least two practical applications. The first is the possibility

of predicting future behavior and identifying at what age

this behavior can be accurately predicted. The second is to

develop better methods of handling young animals and to

familiarize them with a variety of stimuli.

The aim of this study was to examine the development

and consistency of young foals’ reactions to humans and

of two characteristics related to fearfulness: propensity to

react to novelty and to suddenness (startle response). We

examined the approach or avoidance reactions to a human,

a novel object and a sudden stimulus. Two different

experiments were designed, using different animals. In the

first, we examined whether the behavioral reactions

studied were expressed from a very young age or emerged

progressively over time. Three independent groups of

foals were tested at 3, 12 or 24 weeks of age to avoid

habituation to the test situations. The second experiment

Developmental Psychobiology. DOI 10.1002/dev502 Lansade, Bouissou, and Boivin



was a longitudinal study of a fourth group of animals, from

3 to 24 weeks of age. The purpose of this experiment was

to determine whether the behavioral reactions remained

constant across situations and over time once they had

appeared.

MATERIALS AND METHODS

Experiment 1: Comparison of Three Independent
Groups of Animals Tested at Different Ages

Animals. Twenty-seven Welsh foals (15 males and 12 females)

born in June 2003 were studied before weaning. They were born

outdoors without human assistance. At 1 day of age, they were

individually identified with ear tags. They were kept outdoors as a

single group with their mothers throughout the experiment.

Outside the test periods, the foals were not handled and received

the minimum human contact necessary for routine husbandry.

They were weaned at 26� 2 weeks of age.

Experimental Group. Foals were randomly allocated to one of

three experimental groups. Each group comprised 5 males and 4

females. The first group was tested at 3 weeks of age�1 day, the

second group at 12 weeks of age�2 days, and the third group at

24 weeks of age �3 days (Fig. 1).

Test Procedure. All the test situations took place in a test pen

(6 m� 6 m) delimited by 1 m-high metal hurdles placed in the

pasture where the animals were living. Mares and foals could

enter the test pen at any time and sniff the hurdles so that they

would not react when they had to enter the pen for the tests. The

pen was divided into nine sectors of equal size by a grid marked

on the floor with white powder (Fig. 2). Tests were carried out by

the same experimenter and helper (see below), who were used to

working with horses but not involved in animal husbandry

activities. At the beginning of the test, the mare was caught by the

helper, fitted with a halter and led to the pen, followed by her foal.

The helper held the mare in a corner of the pen (all mares in the

same position) during the whole test to avoid distressing the

unweaned foal and to minimize the influence of the mare’s

behavior on the test results. The mares could not be tethered

because the test pen was constructed with light hurdles. All the

mares were calm and remained immobile.

Foals were successively subjected to the following three

situations:

Human approach. The test was similar to those used with

horses by Søndergaard and Halekoh (2003) and Lansade,

Bertrand, Boivin, and Bouissou (2004). The experimenter

entered the pen and approached the foal slowly (approximately

one step per second) with arms by her sides. If the foal was

immobile when the experimenter was within a 1-m range, she

slowly attempted to touch a part of its body and then to put her

hand on its forehead for 2 s. The maximum time allowed for this

test was 3 min.

We then used two fear-inducing situations: novel object

exposure and a surprise effect, as conventionally used in many

Developmental Psychobiology. DOI 10.1002/dev
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species (for review: Boissy, 1998), including horses (Lansade

et al., 2004; Le Scolan et al., 1997; Viérin et al., 1998; Visser

et al., 2001).

Novel object exposure. The experimenter introduced an

unfamiliar object (two tires one on top of the other, diameter:

.60 m; height: .40 m) into the center of the pen (sector 5)

for 5 min. The object was placed 1 m from the mother so that the

foal could approach the object while remaining in close

proximity to its mother, minimizing the influence of the

foal–mare bond.

Surprise effect. A pile of three yellow plastic cubes

(.60 m� .60 m� .60 m) had been permanently placed in the

pasture near the water bowl, in order to familiarize animals with

them. During the test, this familiar object was introduced into

sector 9 for 2 min. At the end of the 2 min, and when the foal was

in sector 1 between his mother and the cubes, the pile was

suddenly pulled over by a hidden experimenter by means of a

long string attached to the bottom of the pile.

Behavioral Patterns Recorded in the Three Situations. It has

been suggested that the magnitude of an animal’s approach/

avoidance response to a stimulus in standard test situations is

indicative of fear of this stimulus (Barnett, Hemsworth, &

Newman, 1992; Hemsworth, Barnett, & Jones, 1993). Thus, in the

human approach situation, we measured the time required to put a

hand on the foal’s forehead. In the novel object exposure situation,

we measured the number of contacts with the stimulus (number of

behaviors associated with an investigative approach of the object:

nibbling, sniffing with contact, licking, kicking . . . these beha-

viors are different, but are generally classed in the same category

of the horse ethogram, namely object manipulation, e.g.,

McDonnell & Poulin, 2002). In the surprise effect test, the flight

distance (distance between the stimulus and the foal, measured

immediately after the startle response) was estimated using the

lines marked on the floor of the pen.

Other behaviors, such as locomotor activity, position in the

test pen, sniffing, vocalizations, etc. were recorded. However,

these were not expressed sufficiently or the variability between

individuals was not sufficient to be used for statistical analyses.

Experiment 2: Longitudinal Study

Animals. The experiment was carried out with two different

groups of horses, living in two different places. The first group

consisted of 23 Anglo-Arab foals (10 males and 13 females) born

in April and May 2002, and the second of 25 Welsh foals

(11 males and 14 females) born in June and July 2002. The

Anglo-Arab foals were born indoors and stayed there for the first

day of life. The Welsh foals were born outdoors, without human

assistance. Animals of both groups were kept outdoors with their

mothers until weaning, and received the minimum human

contact necessary for routine husbandry. Welsh foals were

weaned at 20� 4 weeks of age and Anglo-Arab foals at 26�
2 weeks of age.

Test Procedure. In both groups, foals were tested at 3 and

12 weeks of age. Anglo-Arab foals were additionally tested at 6

and 24 weeks of age (Fig. 1). Welsh foals could not be tested at

6 weeks for technical reasons, or at 24 weeks because they were

already weaned by that time. The test procedures were the same

as those described in the first experiment. However, in this

experiment, for the novel object exposure situation, the object

was changed for each test in order to be ‘‘novel’’ every time. We

used a blue plastic cube (.60� .60� .60 m), an orange and white

road sign cone (.40 m in diameter, .65 m in height), a coiled

yellow hose pipe (.80 m in diameter, .40 m in height), and a roll of

black plastic (.50 m in diameter, .65 m in height) at 3, 6, 12, and

24 weeks of age, respectively.

Statistical Analysis. As many foals could not be touched by the

experimenter, did not touch the object or did not flee during the

surprise effect, the data for each variable were transformed into

qualitative categories: expression of a behavioral response was

coded ‘‘1;’’ absence of expression was coded ‘‘0.’’ These

categories are: the foal expressed (coded 1)/did not express

(coded 0) an avoidance reaction to the human approach

(possible/impossible to put a hand on the forehead within

3 min); the foal touched (coded 1)/did not touch (coded 0) the

object; and finally, the foal expressed (coded 1)/did not express

(coded 0) an avoidance reaction (startle response) during the

surprise effect test (stayed on the spot or moved to a different

place).

Developmental Psychobiology. DOI 10.1002/dev

FIGURE 2 Test pen.
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Experiments 1 and 2. Logistical regression (SAS/TAT, 1999)

allowed testing for a global effect of age, sex, and the interaction of

age and sex. However, logistical analyses were not always possible

due to the structure of the data. At some ages and for somevariables,

no variability was observed between animals. Consequently, in the

first experiment, only Chi-2 could be used and the sex factor was not

therefore considered, but the number of males and females who

expressed a reaction is presented in the figures. In the second

experiment, the data for Anglo-Arab and Welsh foals were analyzed

separately since they were not bred and tested at the same place.

Test ages with no variability were removed in order to perform the

logistical analyses on the other ages (Falissard, 1998). After

logistical regression, if age factor was significant, sign tests

(Siegel, 1956) were used to compare the change between two ages.

The consistency across animal responses to two situations at

the same age (inter-test consistency—experiment 1 and 2) or the

consistency across animal responses in the same situation but at

two different ages (intra-test consistency—experiment 2) was

examined. For that purpose, Fisher exact probability tests were

used to compare the proportion of consistent animals between

two tests or two ages to the random probability of .5.

Experiment 2. In experiment 2, we also tested the hypothesis

that once a behavioral response was observed, it would

systematically be observed later. For example, the four

tests for Anglo-Arab animals included responses ranging

from 0000 (no occurrence of the behavioral reaction) to

1111 (occurrence at each test session). To test our hypothesis,

we compared the observed and random proportions of

occurrences. Two combinations were excluded: when ‘‘1’’ never

appeared (0000) or only appeared at 24 weeks of age (0001), as

neither provided relevant information to test our hypothesis.

Thus, there were 14 possible combinations of responses for the

four test ages for the Anglo-Arab foals (from 0010 to 1111). Two

could also have been observed for the two test ages for the Welsh

foals (10 or 11). These combinations were allocated into two

categories: combinations which never involved ‘‘1-0’’ succes-

sions (category A such as 0011, 0111, 1111 or 11) and others

(category B such as 1000, 0101 . . ., or 10). The observed

proportions of categories A and B were respectively compared

to the random proportions (Anglo-Arab: 3/14 and 11/14;

Welsh: 1/2) with a Fisher’s exact test (Siegel, 1956).

Finally, we examined whether there was a relationship

between the ages at which behavioral reactions in different

situations emerged. For that, Fisher exact probability tests were

used to compare the proportion of animals whose first reactions

to two different situations emerged at a same age (e.g., the first

reaction to an object and to humans emerged both at 3 weeks) to

the random probability of .5.

RESULTS

Experiment 1: Comparison of three Independent
Groups of Animals Tested at Different Ages

Human Approach Significantly more foals avoided the

human in the group tested at 12 weeks than in the group

tested at 3 weeks of age (w2¼ 4.00; p< .05, Fig. 3).

Similarly, significantly more foals avoided the human in

the group tested at 24 weeks than in the group tested at 12

weeks of age (w2¼ 5.14; p< .05) or than in the group

tested at 3 weeks of age (w2¼ 14.40; p< .001, Fig. 3).

Novel Object Exposure Significantly more foals touched

the novel object in the group tested at 24 weeks of age

than in the group tested at 3 or 12 weeks of age (3 weeks vs.

24 weeks: w2¼ 8.10; p< .01; 12 weeks vs.24 weeks:

w2¼ 10.89; p< .001; Fig. 4). There was no significant

difference between the groups tested at 3 and 12 weeks of

age (w2¼ .40; NS).

Surprise Effect Three foals out of nine had an avoidance

reaction toward the surprise effect at 3 and 12 weeks of

age, whereas five out of nine had this reaction at 24 weeks

of age, but the differences were not statistically significant

(p> .1, Fig. 5).

Whatever the test, Figures 3–5 show no sex

effect, but the number of males and females in

each group was not sufficient to be statistically

compared. No consistencies across situations were

found.

Experiment 2: Longitudinal Study

Comparison of the Behavior of the Same Animals
Tested at Different Ages

Logistical regression

Human approach. Whatever the breed, the logistical

regression showed an effect of age (p< .01), but no effect

of sex or interaction between sex and age.

Novel object exposure. In Anglo-Arab foals, there was

no variability at 3 weeks of age, so we could not consider

this age in the logistical regression. After removing this

age, there was no effect of sex, but an effect of age

(p< .01) and an effect of interaction between sex and

age (p< .05).

In Welsh foals, there was only an age effect (p< .01).

Surprise effect. In Anglo-Arab foals, after removing the

age of 24 weeks (due to an absence of variability), there was

no effect of age, sex or interaction between sex and age.

Similarly there was no effect for these parameters in

Welsh foals.

Sign test

Human approach. Significantly more avoidance re-

actions toward humans emerged (0-1) than disappeared

(1-0) between 3 and 12, 3, and 24, and 6 and 24 weeks

of age in Anglo-Arab foals (Tab. 1a), and between 3 and

12 weeks of age in Welsh foals (Tab. 1b).
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For technical reason, one Welsh foal could not be tested

during the human approach test performed at 12 weeks of age.

Novel object exposure. Significantly more touch re-

actions toward the novel object appeared than disappeared

between 3 and 12, 3 and 24, 6 and 12, 6 and 24, and 12 and

24 weeks of age in Anglo-Arab foals (Tab. 1a), and

between 3 and 12 weeks of age in Welsh foals (Tab. 1b)

Surprise effect. In Anglo-Arab foals, more startle

reactions during the surprise effect test appeared than

disappeared between 3 and 12 (tendency, p< .1), 3 and 24,

Developmental Psychobiology. DOI 10.1002/dev

FIGURE 3 Comparative study, human approach.

FIGURE 4 Comparative study, exposure to novel object.
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6 and 24, and 12 and 24 weeks of age (Tab. 1a). In Welsh

foals, the difference between the number of appearances

and disappearances of the behavior was not significant

(Tab. 1b)

Stability of Behavior Over Time

Fisher’s exact test

Human approach. In Anglo-Arab foals, the reactions

were constant only between 6 and 12, 12 and 24, 3 and

12 weeks of age (Tab. 2a).

In Welsh foals, the reactions were not constant

(Tab. 2b).

Novel object exposure. In Anglo-Arab foals, it was

impossible to test the consistency with 3 weeks of age

since there was no variability at this age. The reactions

were not constant between the other ages (Tab. 2a).

In Welsh foals, the reactions were not constant

(Tab. 2b).

Surprise effect. In Anglo-Arab foals, it was impossible

to test the consistency with 24 weeks of age since there

was no variability at this age. The reactions were constant

between 3 and 6, and 6 and 12 weeks of age (Tab. 2a).

In Welsh foals, the reactions were not constant

(Tab. 2b).

Comparison between combinations which never

involved ‘‘1-0’’ (category a) and others (category b).

(As explained in Materials and Methods section, we

did not examine the combinations of responses

where ‘‘1’’ never appeared or only appeared at 24 weeks

of age)

Human approach. Compared to the random pro-

portions, there were significantly more individuals

(Anglo-Arab: p< .01 Fig. 6a; Welsh: p< .05 Fig. 6b)

who maintained the avoidance reaction toward a human

after it had been first observed (Anglo-Arab: 9/10; Welsh:

7/8) than individuals who did not (Anglo-Arab: 1/10;

Welsh: 1/8).

Novel object exposure. Compared to the random

proportions, there were more Anglo-Arab foals who

maintained the touch reaction to the novel object (p¼ .05

Fig. 7a) after it had been first observed (7/9) than

individuals who did not (2/9).

Three Welsh foals showed a touch reaction and

maintained it after it had been first observed and none

did not maintain it, but the numbers were too low to be

statistically significant (Fig. 7b).

Surprise effect. Compared to the random proportions,

there were significantly more Anglo-Arab foals (p< .001

Fig. 8a) who maintained the startle response once it had

been observed (16/18), than foals who did not (2/18).

Eight Welsh foals were consistent in their response

to this test, but 7 were not (Fig. 8b). Compared to the

random proportions, the difference was not statistically

significant.

Developmental Psychobiology. DOI 10.1002/dev

FIGURE 5 Comparative study, surprise effect.
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Stability Across Situations (Fisher’s Exact Test) What-

ever the age or breed, there was no relationship between

the three tests.

Relationship between the Ages at Which the Behavioral
Reaction Appeared in Different Tests There was no

relationship in either breed between the times when

reaction to humans and to novel objects or to startle

response appeared.

DISCUSSION

The first aim of this study was to examine whether

behavioral reactions to humans, novelty, and suddenness

are expressed by very young foals or appear progressively

with age. The behavioral reactions of foals were thus

compared at different ages between birth and weaning,

using tests conventionally reported to provoke fear

reactions in many species including horses, namely novel

and sudden stimuli (for review: Boissy, 1998), in which

approach or avoidance reactions were recorded. In

almost all species, approach or contact with a stimulus

is generally considered as indicative of absence of fear,

whereas avoidance is often considered as a possible

indicator of fear (e.g., Barnett et al., 1992; Hemsworth

et al., 1993; Jones, 1995 in poultry; Vandenheede

et al., 1998; Viérin & Bouissou, 2001 in sheep and

Lansade et al., 2004; Viérin et al., 1998 in horses). The

results of the first experiment (comparative study of

Developmental Psychobiology. DOI 10.1002/dev

Table 1. Comparison of the Behavior of the Same Animals Tested at Different Ages in Anglo-Arab (Sign Test) and Welsh foals

(Sign Test)

Test Possibilities

Ages (Weeks)

3 vs. 6 6 vs. 12 12 vs. 24 3 vs. 12 3 vs. 24 6 vs. 24

(a) Anglo-Arab foals (sign test)

Human approach N� of 01 2 5 5 6 11 10

N� of 10 1 0 0 0 0 0

Value of NT NT NT 2,45 3,32 3,16

p-value * *** **

Exposure to novel object N� of 01 2 7 9 9 16 14

N� of 10 0 0 2 0 0 0

Value of NT 2,65 2,11 3 4 3,74

p-value ** * ** *** ***

Surprise effect N� of 01 4 3 7 7 12 8

N� of 10 0 2 0 2 0 0

Value of NT NT 2,65 1,67 3,46 2,83

p-value ** p< .1 *** **

(b) Welsh foals (sign test)

Possibilities Ages (Weeks)

3 vs. 12

Human approach N� of 01 11

N� of 10 1

Value of 2,89

p-value **

Exposure of novel object N� of 01 10

N� of 10 0

Value of 3,16

p-value **

Surprise effect N� of 01 7

N� of 10 5

Value of 0,58

p-value NS

Possibility ‘‘01’’: the behavioral reaction disappears between two ages.

Possibility ‘‘10’’: the behavioral reaction appears between two ages.

*p< .05.

**p< .01.

***p< .00.1.

NT, ‘‘Non Tested,’’ there were not enough animals to test the comparison.
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three independent groups tested at different ages) clearly

indicated that foals increasingly touched novel

objects and avoided human contact between 3 and 24

weeks of age, whatever the sex. These results were

corroborated by the results of the second experiment

(longitudinal study). By contrast, there was no significant

change in the startle response in the first experiment,

whereas in the second experiment we observed that

Anglo-Arab foals showed an increasing startle response.

Reactions to novelty and human approach and to

some extent startle responses were expressed by few

individuals at a very young age and appeared pro-

gressively with age.

This study contributes to a better knowledge of the

ontogeny of behavioral reactions in a precocial mamma-

lian species. The progressive appearance of approach or

avoidance reactions with age in horses is in line with

reports of the development of behavior patterns in altricial

mammals, for example, freezing in rats (Hansen & Hard,

1980), exploratory behavior in silver foxes (Belyaev et al.,

1984, 1985), and avoidance reactions to unknown stimuli

in domestic chicks (Andrew & Brennan, 1983; Bateson,

1964; Salzen, 1979).

Our results raise the question of why the horses

increasingly avoided human approach, and to some extent

sudden stimuli, but approached novel objects. In fact, the

test situations were such that only avoidance reactions

could be observed in the human and surprise effect tests

and only approach reactions in the novel object test. One

explanation may be that young foals express few specific

reactions toward their environment (e.g., approach or

avoidance). As foals get older, these reactions gradually

appear. This could be explained by a differential stimulus

appraisal according to age. Another possible explanation

is that the reactions of avoiding humans and approaching a

novel object are caused by two different motivations, fear

in the case of humans, exploration or curiosity in the case

of novel objects, the former leading to avoidance, the

latter to approach. Finally, the absence of approach or

avoidance reactions may not necessarily mean fear or

absence of fear, but simply indifference toward the

stimulus. Several hypotheses may be offered to explain

why approach and avoidance reactions are not expressed

at a young age but appear with time: a change in the mare-

foal bond, a change in the mother’s behavior, a process of

maturation or the effect of experience.

In follower species, the survival of the young depends

on its capacity to follow its mother. The mare-foal bond is

very strong when the foal is young, and then decreases

progressively (Carson & Wood-Gush, 1983; Houpt,

2002). At 3 weeks of age, and to some extent at 12 weeks,

foals remain in close proximity to their mothers who

represent safety, which may explain why they were easier

to touch, did not approach the novel object and did not

flee far from the mother during the surprise effect test.

Nevertheless, we observed that the average distance

between the mares and their foals at pasture at 3 weeks of

age was 3.40� 2.06 m (unpublished observations of the

horses in the present study). This distance would have

allowed foals to touch the novel object (placed 1 m from

the mother), to avoid human contact or to take flight

during the surprise effect test as early as 3 weeks of age

while remaining relatively close to their mother. There-

fore, this hypothesis cannot totally explain the absence of

Developmental Psychobiology. DOI 10.1002/dev

Table 2. Comparison of the Behavior of the Same Animals Tested at Different Ages in Anglo-Arab (Fisher test) and Welsh foals

(Fisher Test)

Test Possibilities

Ages (Weeks)

3 vs. 6 6 vs. 12 12 vs. 24 3 vs. 12 3 vs. 24 6 vs. 24

(a) Anglo-Arab foals (Fisher test)

Human approach p-value NS ** ** * NS NS

Exposure to novel object p-value NT NS NS NT NT NS

Surprise effect p-value ** * NT NS NT NT

(b) Welsh foals (Fisher test)

Test
Ages (Weeks)

Possibilities 3 versus 12

Human approach p-value NS

Exposure to novel object p-value NS

Surprise effect p-value NS

*p< .05.

**p< .01.

***p< .001.

NT, ‘‘Non Tested,’’ there was no variability between animals to test the comparison.
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reactions. Another possible explanation is that very young

foals closely adopt their mothers’ behavior, and as the

mares in our tests were held immobile, this could be why

the foals did not show any approach or avoidance reaction.

With the decrease of the mare–foal bond over time, the

foals tended to react more and more independently

(approach or avoidance), even though the mother was

still held immobile. This absence of reaction to potentially

dangerous events observed in our experiment raises the

question of whether or not very young foals can react

alone to potentially dangerous events in the absence of

their mother or other adults. Studying artificially reared

subjects would help answer this question, but this type of

rearing is rare in foals.

Changes in the mother’s behavior as her offspring gets

older could influence the foal’s behavior. However, all the

mares remained calm and immobile throughout the tests.

We cannot exclude the possibility of olfactory commu-

nication of stress from mare to foal. However, the mare

was probably less and less stressed by the test situation

and by the distance of the foal as it got older. This could

partly explain the increasing number of approach

reactions observed in the foals, but not the increasing

avoidance reactions.

The survival of the foal depends on the mare–foal bond

and also on its belonging to the social group. Accordingly,

very young animals may have a stronger reaction to social

isolation than older individuals. In fact, very few studies

have reported an age-dependent decrease in reaction

to social isolation in gregarious mammals. Viérin and

Bouissou (2003) found that 3- to 4-month-old lambs were

more agitated and vocalized more during an isolation test

than those aged 5–6 months. It could be of interest to test

this finding in horses.

Developmental Psychobiology. DOI 10.1002/dev

FIGURE 6 (a) Longitudinal study, human approach, Anglo-

Arab foals. (b) Longitudinal study, human approach, Welsh

foals.

FIGURE 7 (a) Longitudinal study, exposure to novel object,

Anglo-Arab foals. (b) Longitudinal study, exposure to novel

object, Welsh foals.

510 Lansade, Bouissou, and Boivin



A process of maturation could also explain the gradual

appearance of the behavioral reactions. Maturation could

affect levels of perception, internal state or responsive-

ness. Young animals may or may not perceive the

attributes of a stimulus (e.g., novelty). If they do, their

internal state (e.g., motivation, emotion, etc.) may or may

not change, which may or may not elicit a reaction

(approach or avoidance). Ricceri et al. (2000) suggested

that perception in mice is immature, since preweaning

mice are unable to detect object novelty, suggesting

immaturity in gathering spatial information. However, in

precocial animals such as horses, sensory bases are known

to be well-developed in the neonate.

Finally, even though the environment was controlled as

much as possible in this experiment, the foals were

confronted with many stimuli outside the test periods

(interactions with conspecifics, confrontation with poten-

tially frightening situations). Such experiences at a young

age undoubtedly have an impact on the behavioral

development of foals and could also explain the gradual

appearance of approach or avoidance reactions during the

tests.

The second aim of this study was to examine the

stability across situations and over time of behavioral

reactions.

Whereas stability of reactions in suddenness, novelty,

and sometimes human tests is frequently reported

in older animals (cattle: Boissy & Bouissou, 1995; de

Passillé et al., 1995; sheep: Romeyer & Bouissou, 1992;

Vandenheede et al., 1998; horses: Lansade et al., 2003;

Viérin et al., 1998; Wolff, Hausberger, & Le Scolan, 1997;

for a review: Boissy, 1998), it was not observed in this

study. Two hypotheses can be proposed to explain this.

First, at a very young age, the reactions observed in the

three tests could be mediated by different underlying traits

such as curiosity (in the case of the novel object test),

fearfulness (in the case of the surprise test), and a specific

reactivity to humans (in the case of the human test). With

ageing, the stimulus appraisal can change, and reactions to

certain stimuli, for example objects and surprise, could be

mediated by the same underlying trait, for example

fearfulness, as reported in many studies. The lack of inter-

test consistency could also be due to a high degree of fear

response specificity in young foals, that is, foals could be

fearful of novelty but nonfearful of humans or vice versa.

Second, the lack of inter-test consistency at a very

young age could also be due to the progressive appearance

of reactions with time: only a few animals present an

approach or avoidance reaction when very young. In

addition, the behavioral reactions of approach or avoid-

ance to a given stimulus emerge at different times in

different individuals and there is no correlation between

the emergence times of reactions to humans and novel

objects or the startle response. This lack of correlation

between emergence times could also explain the lack of

correlation between tests at a very young age.

The results also show a lack of consistency of

responses over time, which is probably due to the gradual

appearance of responses with time. However, a more

specific statistical analysis showed that once foals

manifested a behavioral reaction (approach or avoidance)

to a given stimulus at a given age, in most cases they

continued to manifest the same reaction later, at least until

weaning. Thus, it would theoretically be possible to

predict temperamental traits as soon as they have been

expressed through a behavioral response. However, as

temperamental traits are rarely expressed through beha-

vioral reactions at a very young age, the global predictive

value of these reactions is generally low in very young

animals, but increases with age. This is in line with

data obtained in other mammalian species. Individual

differences in behavior have a poor or moderate

consistency early in ontogeny but increase in adults

(calves: Jensen et al., 1999; Van Reenen et al., 2004;

wolves: McDonald, 1983; dogs: Goddard & Beilharz,

1984; pigs: Janczak, Pedersen, & Bakken, 2001; Ruis

et al., 2000), and the same trend has been observed in

humans (reviewed by Zuckerman, 1991).

Finally, we did not observe an effect of sex on

behavioral responses or when these appeared (except an

effect of the interaction of sex and age in the novel object

Developmental Psychobiology. DOI 10.1002/dev

FIGURE 8 (a) Longitudinal study, surprise effect, Anglo-

Arab foals. (b) Longitudinal study, surprise effect.
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test performed during the longitudinal study on Anglo-

Arab foals, which has no clear explanation). The fact that

animals were not yet sexually mature in this experiment

may explain this quasi-absence of sex effect on reactions.

To conclude, this study contributes to the description

of the ontogeny of some aspects of fear reactions

and reactions toward humans in a precocial mammal. It

suggests similarities with altricial species, but the under-

lying mechanisms have not yet been explored and require

further study. From a practical point of view, our results

have two consequences. First, as very young foals

presented very low avoidance reactions, especially toward

humans, they may be easier to handle, which could be

used to familiarize them with a variety of stimuli. Second,

as approach or avoidance reactions toward specific stimuli

were not observed in very young foals, as a general rule it

is probably not appropriate to try to select foals on the

basis of their behavior before weaning.
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Abstract

The purpose of this study was to test the existence of a ‘‘fearfulness’’ trait in horses, by testing the

stability across situations and over time of the responses to different fear-eliciting situations. It was also to

identify which behavioural parameters are the best indicators of this trait. Sixty-six Welsh ponies and 44

Anglo-Arab horses were successively tested at 8 months and 1.5 years of age. Of these, 33 Welsh ponies and

21 Anglo-Arabs were also tested at 2.5 years of age. At each age, they were subjected to four test situations.

The first test involved the introduction of a novel object in the test pen (novel object test). In the second test, a

novel area was placed in the pen between the horse and a bucket of food, to determine the time the horse took

to cross the area (novel area test). Finally, the third test consisted in suddenly opening an umbrella in front of

the horse while it was eating (surprise test). During these tests, many behavioural parameters were recorded.

A fourth test consisted of a surprise test during which the horse was held by a handler while its heart rate was

measured. Spearman correlations were used to identify links between behavioural parameters measured

during different tests and between different ages.

Reactions to the first three tests showed consistency between them and over time. Among all the

behavioural parameters measured during these tests, some presented high stability over time and were well

correlated with behaviours expressed during other tests, indicating they are the best indicators of a

fearfulness trait: the frequency of licking/nibbling the novel object, the time to put one foot on the novel

area and to eat from a bucket placed just behind it, and the flight distance and the time to eat under the

opened umbrella. The stability across responses expressed in various fear-eliciting events and over time

from 8 months to 2.5 years of age suggests the existence of a ‘fearfulness’ trait in horses.

The different indexes of heart rate measured or calculated during the surprise effect present limited

stability over time and almost no correlation with the behavioural parameters measured during the other
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three tests. We conclude that, in contrast to the previously mentioned behaviours, these are not reliable

measures of a temperament trait.

From a practical point of view, this study shows that it is possible to identify a horse’s level of fearfulness

as early as 8 months of age using the first three tests.

# 2008 Elsevier B.V. All rights reserved.

Keywords: Horse; Temperament; Fearfulness; Novelty; Suddenness; Behavioural tests

1. Introduction

The behavioural reactions expressed by individuals confronted with particular situations are

strongly affected by their temperament. Temperament is generally considered as a set of

behavioural tendencies, present early in life and relatively stable across various kinds of

situations and over the course of time (Bates, 1987; Goldsmith et al., 1987). This stability means

that an individual’s behaviour in specific situations is predictable to a certain extent. Fearfulness

is considered as one of the basic traits of an individual’s temperament. While fear is an emotional

state induced by the perception of actual danger (for a review, see Forkman et al., 2007),

fearfulness can be defined as a predisposition to react in a similar manner to various fear-

provoking events. Fearfulness can be inferred from the behavioural states expressed by the

individual in potentially frightening situations. It has been frequently studied in farm animals as it

influences many other behaviours, such as social interactions, maternal behaviour or learning

ability, as well as productivity and welfare (for reviews, see Bolles and Fanselow, 1980; Gray,

1987; von Borell, 1995; Jones, 1996; Rosen and Schulkin, 1998; Boissy, 1998; McMillan, 1999;

Maestripieri, 1999; Erhard and Schouten, 2001).

In horses, temperament can strongly determine the animal’s usability. Buckley et al. (2004)

conducted interviews with Pony Club members and concluded that a horse’s temperament

(quietness, reliability, safety) is the most important characteristic of a Pony Club horse, before its

size, soundness, purchase price, etc. Excessive fear reactions limit the use of horses in many

situations, and can even, in certain cases, render the horse dangerous. On the other hand, an

excessively low level of fearfulness may be inconvenient in some equestrian disciplines, even if

this aspect has so far attracted little attention. Consequently, the development of tests to assess a

horse’s temperament early in life, and particularly a possible fearfulness trait, would be

particularly useful. For this purpose, it is necessary to explore the stability of the individual’s

reactions over time and in different frightening situations.

Stability of fear reactions over time has been reported in many species (for a review: Forkman

et al., 2007). In post-weanling horses, Visser et al. (2001) reported a short-term consistency (1

month) of behaviour during a novel object test conducted at 9 and 20 months of age, but found

that only a few behavioural parameters showed consistency between 9 and 20 months of age.

Therefore, to our knowledge, the long-term consistency of fear reactions has never been

convincingly demonstrated in the horse.

The search for stability of fear reactions across situations has also been reported (for a review:

Forkman et al., 2007). This requires the observation of a number of individuals in various

potentially frightening situations. In horses, Wolff et al. (1997) found correlations between two

neophobia tests: an unknown object test and a bridge test, suggesting the existence of a trait of

fearfulness. Using open-field tests, some authors have described correlations between reactions

to novelty, to suddenness and to social isolation, and concluded the existence of a general trait of
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‘fearfulness’ (e.g. sheep: Romeyer and Bouissou, 1992; Vandenheede et al., 1998; Viérin and

Bouissou, 2003; horses: Viérin et al., 1998). However, in these cases a bias exists, since the

correlations were established between situations involving different stimuli, but all involving

some common fear-inducing element, such as social separation or novelty of the pen. The

correlations may thus have been due to these common elements. In the present study, we chose to

test the animals in an environment which does not provoke any particular fear reactions apart

from those to the tested stimulus: horses were tested in a familiar environment, in the presence of

conspecifics, and after a period of habituation to the test procedure. In this way, there were

theoretically no common elements (such as social separation or novelty of the test pen) between

the different tests.

Fear states can be expressed through behavioural responses, but also through physiological

changes, and many studies have used heart rate measurements to characterise fearfulness (for a

review: von Borell et al., 2007). In horses, Visser et al. (2002) showed that heart rate variables

measured during a novel object test and a handling test may quantify certain aspects of a horse’s

temperament, such as fearfulness, since these measures were consistent between 9 months and 21

months of age. It would be interesting to examine whether there is a relationship between

behavioural states and heart rate observed during fearful situations. Measuring the heart rate to

predict a horse’s level of fearfulness may be useful in practice because it is non-invasive and is

easy to use by a person inexperienced in behavioural observations.

The purpose of this study was to determine whether it is possible to infer a trait of fearfulness

from the measurement of behavioural and physiological responses (heart rate) expressed by

individuals confronted with specific frightening situations. For this purpose, we tested the two

characteristics of a trait: stability over time and across situations. We tested the animals in two

situations involving novelty and in two situations involving suddenness, and we repeated these

situations every year, from 8 months to 2.5 years of age. Many behavioural and physiological

parameters were recorded during these situations. The first step was to test the stability over time

of these parameters by calculating correlations between parameters measured from 8 months to

2.5 years of age. The second step was to determine the stability across situations of the

parameters: for each age, we calculated the correlations between parameters measured in the four

different fear-inducing tests. These two steps also allowed us to identify the most reliable

indicators of this trait, i.e. the behavioural or physiological parameters which show the best

stability over time and across situations.

This paper is part of a more general study which attempts to assess several possible

temperament traits in horses such as gregariousness (Lansade et al., 2008), reactivity to humans

(Lansade and Bouissou, in press) or activity level (Lansade, 2005; Lansade et al., 2006).

2. Animals, material and methods

2.1. Animals

One hundred and ten horses were used, divided into four groups. They originally comprised 22 Anglo-

Arab horses (AA01) and 33 Welsh ponies (W01) born in 2001, and a further 22 Anglo-Arab horses (AA02)

and 33 Welsh ponies (W02) born in 2002. Of those, five horses had to be excluded from the study due to

illness (N = 2) or following a bone fracture (N = 3). The number of horses tested at each age is presented in

Table 1. The animals of the two breeds were born and lived in two different places.

All animals were maintained on pasture with their dam until 6 � 1 months of age when they were

weaned. Males were castrated around 12 months of age. The animals were housed indoors from 6 to 11
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months, 20 to 23 months, and 32 to 35 months, corresponding both to the winter period and the test periods.

Outside these periods, they were kept on pasture.

The Anglo-Arab horses were housed individually on sawdust bedding, in a 6 m � 3 m box adjacent to an

individual 3 m � 3 m outside area (Fig. 1). Boxes were separated from each other by metal hurdles so that

the horses could see all the other animals in the barn and interact with their neighbours (sniffing, licking,

biting or grooming, etc.). The outside area was separated from the inside area of the box by a door. When the

horses were in the outside area and the door was closed, they could not see inside.

The Welsh ponies were housed together in a straw-bedded, 15 m � 15 m group pen and were moved to

an outdoor paddock every day for 4 h.

All the test animals were fed twice a day with commercial pellets and hay, except for the test periods

involving feeding motivation during which they were fed three times a day, so that all the animals had a

similar level of feeding motivation whenever they were tested. Water was available ad libitum.

Outside the test periods, the animals were maintained on pasture. They received similar, limited human

contact necessary for routine husbandry: feeding when indoors, changes of pasture and any emergency

veterinary care.

2.2. Experimental procedure

In order to examine only the reactions specific to the stimulus studied, we attempted to test animals in a

context as neutral as possible: tests were performed in a familiar place and animals were habituated to the

experimental procedure for a minimum of 3 days immediately before the tests.
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Table 1

Age and number of horses in the two different breeds (AA: Anglo-Arab; W: Welsh Pony) and two different birth years (01:

2001; 02: 2002) at the three test periods

2002 2003 2004

AA01 8 months 1.5 years 2.5 years

22 (22) 21 (20) 21 (20)

AA02 8 months 1.5 years

22 (21) 19 (19)

W01 8 months 1.5 years 2.5 years

33 (26) 33 (33) 33 (21)

W02 8 months 1.5 years

33 (32) 32 (22)

The numbers in brackets represent the number of horses that had their heart rate measured in the surprise test.

Fig. 1. Layout of the building where the Anglo-Arab horses were housed and tested.



Anglo-Arab horses were tested in their own boxes while non-test horses were kept in their outside areas

(Fig. 1). Welsh ponies were tested in a pen constructed in the corridor of a barn close to the pen where they

lived (Fig. 2). In both cases, the test pens were 6 m long and 3 m wide. During the test period, the Welsh

ponies were randomly moved, in groups of four or five, to four boxes (4 m � 6 m) adjacent to the test pen,

for 4 h per day. In both breeds, when a horse was tested, it was moved by a handler from the outside part of its

box (Anglo-Arab) or from its box (Welsh) and placed in the test pen, and the test began immediately. The

other horses and the tested horse could not see each other.

Horses were randomly assigned to a testing order for each test. During the habituation phase and the

different tests, the experimenters were hidden behind a one-way mirror. To avoid the test horse being alone

in the pen during the habituation phase and the tests, two ‘‘audience’’ horses were attached at each side of the

test pen, at a distance of about 3 m (Figs. 1 and 2). These were non-experimental animals and the same

audience horses were always used for each group. They were unfamiliar to the test horses at the beginning of

the study. They were chosen because they were known to be particularly calm and likely to stand still

throughout the test period. They were habituated to the test situations before the experiment. During the

tests, we also checked that they did not show any special reaction towards the fearful stimuli in the test pen.

2.2.1. Habituation to the test pen

This phase consisted of habituating the horse to being led into the test pen and to staying in it without any

particular reaction. The test horses were placed in this situation daily for 5 min until they no longer manifested

the following behaviours for three consecutives days: neighing, defecating, trotting or galloping. A single

occurrence of one of these four behaviours during the three consecutives days was tolerated. For example, if a

horse neighed only once during three consecutive days, but never defecated, trotted or galloped, we considered

it habituated. The number of days required for habituation was between 3 and 6 days.

2.2.2. Test situations

Animals were subjected to four test situations. Animals born in 2001 (AA01 and W01) were tested at 8

months, 1.5 and 2.5 years of age, while those born in 2002 (AA02 and W02) were only tested at the ages of 8

months and 1.5 years (Table 1).

These tests consisted of potentially fear-eliciting situations, involving either a novel or a sudden

stimulus. Suddenness and novelty are considered to be the most stressful stimuli (see Forkman et al., 2007).

Moreover, horses are frequently confronted with them when used for riding. All the tests took place in the

test pens described above. The tests will be presented in the same order they were carried out. Habituation to

the test pen began on day 1, followed by the novel object test, the novel area test, the surprise test-horse free

in the pen, and the surprise test-horse held, were carried out on days 12, 39, 40 and 41–45, respectively.
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2.2.2.1. Novel stimuli

2.2.2.1.1. Novel object test. An object, unknown to the horses, was placed across the width of the pen

before the animal entered it (Fig. 3). A different novel object was used for each step of the study. At 8

months, 1.5 years and 2.5 years of age, they were respectively: three green plastic bags (1 m tall) filled with

straw, six white plastic bags (0.20 m long) suspended from a black plastic wire normally used for electric

fences (0.60 m in diameter, 0.80 m above the ground), and 10 plastic folders of different colors (blue, green,

red, purple) suspended by string from the same wire. To evaluate the area covered by the horse, the pen was

divided in six sectors of equal size traced with plaster powder (Fig. 3). Horses were habituated to these lines

during the habituation period, and they did not show any particular reaction to them during the test. The

location of the horse was noted continuously enabling us to measure the ‘‘number of sectors entered’’ by the

animal, which was an indicator of locomotion during the test. The test lasted 5 min, during which 17 other

behavioural parameters were recorded (Table 2).

2.2.2.1.2. Novel area test. Three zones were marked on the floor of the test pen using plaster powder

(Fig. 4). The first zone (1.50 m � 3 m) corresponded to a ‘‘starting zone’’, the second to a ‘‘central zone’’

(3 m � 3 m), while the third (1.50 m � 3 m) corresponded to an ‘‘arrival zone’’ and contained a bucket full

of food (commercial pelleted food, part of the horses’ usual diet).

Habituation. This phase aimed at habituating the test animal to going to the arrival zone containing the

food. An experimenter entered the pen with the test animal, led it (without being haltered) to the starting

zone and then released it. The handler then immediately entered an adjacent box, out of the horse’s sight.

The time recording started when the horse’s two forelegs crossed the line delimiting the starting zone. The

animal had 40 s to cross the line into the arrival zone containing the food and to eat. If it did not succeed, the

experimenter led it again to the starting zone (the horse was not fed its normal ration in this case). It was

offered eight trials per day. The criterion for this habituation was that the horse performed seven correct

trials per day on three consecutive days.

Test. The test was carried out on the day after the horse reached the criterion level. A novel area (3 m � 2 m)

was placed in the middle of the central zone (Fig. 4), differing at each test stage. At 8 months, 1.5 and 2.5 years

of age, it consisted respectively of: a white sheet of jute canvas, a plastic cover, and a wooden plank. The

procedure was the same as the one used previously: the animal was led to the starting zone, released, and the

time recording started when its two forelegs crossed the starting line. However, in this phase, the animal had

5 min to cross the arrival line and to eat, with only one trial. The test ended when the horse ate from the bucket,

or after 5 min if it did not eat. Nineteen behavioural parameters were measured during this phase (Table 2).
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2.2.2.2. Sudden stimuli

The sudden stimuli consisted of the opening of a familiar black umbrella. Identical umbrellas were

placed in front of each box for 1 month before the tests in order to familiarize the animals with them.

2.2.2.2.1. Surprise test, horse free in the pen. Before the animal entered the pen, the same bucket of

food which was used in the ‘‘novel area’’ test was placed in the box, 1 m from the hurdles (Fig. 5). A closed

umbrella was placed between two bars of the hurdle, 1 m above the bucket. The animal was released in the

pen and when it had eaten for three consecutive seconds from the bucket, the umbrella was automatically

opened and the time started. The test ended when the horse went back to the bucket and ate again for three

consecutives seconds. The maximum time allowed was 5 min; after that time, the test ended. Seventeen
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Table 2

Parameters and definitions of behaviour recorded during the tests

Parameters and definitions when necessary Novel

object

Novel

area

Surprise test,

foal free

Glances at the stimulus (l, f) the horse stands still, with elevated

neck, head and ears oriented in direction of the stimulus

X X X

Sniffing the stimulus (l, f) X X Xa

Licking/nibbling the stimulus (l, f) X X Xa

Contact with the stimulus (d) X

Time to put one foot on the novel area X

Time spent near the stimulus X

Time to eat X X

Flight distance X

Startle responses (f) Xa Xa

Neighing (l, f) Xa Xa Xa

Defecation (l, f) Xa Xa Xa

Trotting (f) Xa Xa Xa

Scrapping the floor with the foot (f) Xa Xa Xa

Vigilant position (f) the horse stands still, with elevated neck,

head and ears oriented anywhere except in direction of the stimulus

X X X

Sniffing the floor (f) X X X

Blowing (f) forceful expulsion of air through the nostrils

preceded by a raspy inhalation sound

X X X

Sectors entered (n) X

l: latency, f: frequency, d: duration, n: number. ‘X’ indicates if the parameter was measured during the test or not.
a Parameters expressed by less than 15% of animals.

Fig. 4. Test-layout of the novel area test.



behavioural parameters were noted during the test (Table 2). The test was filmed, and the flight distance was

measured on the video using lines marked every meter on the floor of the test pen (Fig. 5).

2.2.2.2.2. Surprise test, horse held, and heart rate measurement. During this test, the horse was held to

limit the influence of locomotor activity on the heart rate.

When the animal was brought into the pen, the handler tried to fit it with a halter and fit it with a

heart rate monitoring system maintained with a surcingle (Polar Accurex Plus) set to record heart rate

every 5 s. The experimenter led the horse to the middle of the pen and tried to hold it still throughout

the test. An assistant holding a closed umbrella behind his back stood 1.5 m from the horse. The

recording began, and 5 min later, the assistant suddenly opened the umbrella twice, 1 m in front of the

horse’s head, then closed it and hid it again. The total duration of this test was 8 min. This test could not

be performed on all the animals because of the difficulty of fitting certain animals with the equipment

due to their violent defensive reactions. Therefore, the experimenter was given a maximum of 30 min to

catch the horse and fit the equipment. If he did not succeed in this time, because the horse’s reactions

were too dangerous, the test was abandoned. The number of horses subjected to the entire test is

presented in Table 1.

As animals presented various reactions when they were fitted with the equipment (some stayed

relatively calm whereas others had strong defensive reactions), there was a wide variation in their heart

rates measured before the surprise effect. To limit this effect, we analysed the change in heart rate

before and after the opening of the umbrella. To do so, we measured the minimum and maximum heart

rate and calculated the average during the 5 min before the opening of the umbrella. After that, several

indexes were calculated: the difference between the maximum heart rate and the average, the difference

between the maximum and the minimum, the percentage of the maximum as a function of the minimum

or the average.

2.3. Statistical analyses

The statistical analyses used in this study are strictly identical to those used by Lansade et al. (2008)

and Lansade and Bouissou (in press). The same protocol was repeated twice in two groups (AA02

and W02) and three times in the others (AA01 and W01). We did not combine the data from these

different time points and groups (for justification, see Lansade et al., 2008; Lansade and Bouissou, in

press).

Some behavioural parameters were expressed by less than 15% of animals and were not taken into

account in the statistical analysis; they are presented in Table 2. Two different analyses were performed:
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Fig. 5. Test-layout of the surprise test.



the first concerned the links between parameters measured at different ages (stability over time) and the

second was aimed at quantifying the relationship between parameters of the different tests at the same

point in time (stability across situations: inter-test correlations). To study the relationship between

parameters, Spearman (rank) correlations were calculated, since they are more robust to data non-

normality than the Pearson correlations. A correlation was considered to be statistically significant when

its p-value was less than 0.05.

The relationship between variables (stability across situations) was calculated for 10 separate sets of data

(Groups AA01 and W01 were tested three times, and groups AA02 and W02 were tested twice, resulting in

10 sets). The number of significant positive or negative correlations out of 10 is presented in matrix form

showing only the variables which are correlated with one or more variable from the other tests. On the other

hand, investigating stability over time involves fewer possible correlations, and the significant correlations

( p < 0.05) are therefore presented in a table with the Spearman correlation coefficient (R-value). To

investigate stability over time, eight correlation possibilities were calculated (8 months vs. 1.5 years for all

four groups, 8 months vs. 2.5 years and 1.5 years vs. 2.5 years for groups W01 and AA01). No parameter was

established to accept or reject the hypothesis of stability, on the assumption that stability can be measured on

a gradient, with some variables never correlated over time or with each other, and some which are correlated

in 100% of cases.

3. Results

3.1. Stability over time: search for correlations between parameters measured at different

ages

The R-values of these correlations are presented in Table 3.

3.1.1. Novel object test

The parameters which were the most often correlated over time are the frequencies of licking/

nibbling (in 8 units out of 8), the duration of contact and the frequency of glances (in 7 units out of

8), the latency of licking/nibbling and the frequency and latency of sniffing (in 6 units out of 8),

and the frequency of blowing (in 4 units out of 8). Three other parameters were sometimes

correlated between ages, but less frequently (Table 3).

3.1.2. Novel area test

The parameters which were the most often correlated over time were the time to put one foot

on the novel area and the time to eat (in 8 units out of 8), followed by the frequency of glances (in

7 units), the frequency of sniffing the floor (in 6 units), the frequency of vigilant position (in 5

units). Five other parameters present few correlations over time and are presented in Table 3.

3.1.3. Surprise test, horse free

The parameters which were the most often correlated over time were the flight distance and

the time to eat (in 7 units out of 8), followed by the frequency of glances (in 6 units). The other

three parameters presented in the table were correlated less frequently.

3.1.4. Surprise test, horse held

The parameters which were the most often correlated over time were the ‘‘maximum heart

rate’’, the ‘‘maximum–average heart rate’’ and the ‘‘maximum–minimum heart rate’’, but only in

4 units out of 8. The other two parameters were only correlated in 3 units.
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Table 3

Stability over time, search for correlations between parameters measured at different ages

Number of significant

correlations out of 8

W01 W02 (8 months

to 1.5 years)

AA01 AA02 (8 months

to 1.5 years)
8 months

to 1.5 years

1.5 years

to 2.5 years

8 months

to 2.5 years

8 months

to 1.5 years

1.5 years

to 2.5 years

8 months

to 2.5 years

Novel object test

Licking/nibbling (f) 8 0.76 0.59 0.60 0.51 0.47 0.60 0.58 0.41

Contact (d) 7 0.75 0.60 0.71 0.51 0.40 0.59 0.41

Glances (f) 7 0.56 0.56 0.61 0.38 0.46 0.70 0.61

Licking/nibbling (l) 6 0.61 0.67 0.48 0.43 0.45 0.41

Sniffing (l) 6 0.65 0.58 0.61 0.49 0.51 0.67

Sniffing (f) 6 0.68 0.61 0.66 0.53 0.61 0.44

Blowing (f) 4 0.54 0.58 0.44 0.35

Sectors entered (n) 2 0.37 0.44

Glances (l) 1 0.46

Vigilant position (f) 1 0.36

Novel area test

Time to put one foot 8 0.71 0.69 0.75 0.50 0.61 0.66 0.64 0.57

Time to eat 8 0.79 0.60 0.67 0.55 0.55 0.46 0.51 0.65

Glances (f) 7 0.54 0.66 0.69 0.53 0.65 0.59 0.52

Sniffing the floor (f) 6 0.69 0.80 0.67 0.58 0.55 0.60

Vigilant position (f) 5 0.70 0.66 0.55 0.54 0.53

Licking/nibbling (f) 3 0.38 0.48 0.56

Sniffing (l) 3 0.68 0.66 0.42

Sniffing (f) 2 0.51 0.38

Time near the area 2 0.71 0.35

Licking/nibbling (l) 1 0.52

Surprise test, horse free

Flight distance 7 0.35 0.61 0.56 0.62 0.79 0.58 0.37

Time to eat 7 0.36 0.69 0.48 0.74 0.65 0.62 0.52

Glances (f) 6 0.61 0.58 0.58 0.68 0.62 0.50

Sniffing the floor (f) 3 0.57 0.37 0.50
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Table 3 (Continued )

Number of significant

correlations out of 8

W01 W02 (8 months

to 1.5 years)

AA01 AA02 (8 months

to 1.5 years)
8 months

to 1.5 years

1.5 years

to 2.5 years

8 months

to 2.5 years

8 months

to 1.5 years

1.5 years

to 2.5 years

8 months

to 2.5 years

Vigilant position (f) 2 0.36 0.41

Blowing (f) 2 0.67 0.49

Surprise test, horse tethered

Maximum HR 4 0.41 0.45 0.53 0.80

Maximum HR–average HR 4 0.40 0.60 0.44 0.62

Maximum HR–minimum HR 4 0.40 0.49 0.44 0.70

Maximum HR � 100/minimum HR 3 0.44 0.56 0.50

Maximum HR � 100/average HR 3 0.47 0.49 0.46

This table presents the parameters which are correlated at less one time between two different ages. For each test, they are classified from the more frequently correlated to the less

frequently correlated. The numbers presented in the table correspond to the spearman correlation coefficient (R-value). This number is presented only when the correlation was

significant ( p < 0.05). l: latency, f: frequency, d: duration, n: number, HR = heart rate.



3.2. Stability across situations: search for correlations between parameters measured

during different tests (inter-test correlations)

3.2.1. Novel object test and novel area test

The more rapidly and frequently the horses licked/nibbled and sniffed the object, the more

rapidly they put one foot on the area and ate, and to a certain extent the less they glanced at the

area. The number of units in which these correlations appear are presented in Table 4 (see also

Fig. 6 for illustrations of some of these correlations). Other parameters were correlated between

these two tests, but less frequently.
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Table 4

Stability across situations, search for correlations between parameters measured during the novel object test and the novel

area test

The numbers indicated in the table correspond to the number of significant correlations out of the 10 possibilities of

correlations calculated between two parameters. When this number is equal to 0, the box is empty. The direction of the

relationship is also indicated (+: positive correlation; �: negative correlation). Only the parameters which are correlated

with one or more parameter of the other test are presented. The parameters are presented from the more stable over time to

the less stable. Note the shades of grey: the darker the box, the more stable the parameter over time and the more

frequently it is correlated with parameters of the other test.

*As an example of the results, some graphs are presented in Fig. 6 to illustrate some of these correlations.



3.2.2. Novel object test and surprise test, horse free

The more rapidly and frequently the horses licked/nibbled and sniffed the object and the

longer they spent in contact with it, the shorter the flight distance, and the faster they returned

to eat after the surprise effect. Moreover, the more rapidly they licked/nibbled and sniffed the
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Fig. 6. Example of graphs presenting the relationships between parameters: relationships between the time to put one foot

in the novel area and the frequency of licking/nibbling the novel object in group AA02, W01 and W02 tested at 1.5 years

of age. The relationships were tested with Spearman’s correlations with the following results: R = �0.79, p < 0.0001;

R = �0.51, p < 0.001; R = �0.58, p < 0.0001, respectively. Of the four groups tested at 1.5 years of age, only group

AA01 did not present significant correlation between these two parameters.

Table 5

Stability across situations, search for correlations between parameters measured during the novel object test and the

surprise test, horse free

The numbers indicated in the table correspond to the number of significant correlations out of the 10 possibilities of

correlations calculated between two parameters. When this number is equal to 0, the box is empty. The direction of the

relationship is also indicated (+: positive correlation; �: negative correlation). Only the parameters which are correlated

with one or more parameter of the other test are presented. The parameters are presented from the more stable over time to

the less stable. Note the shades of grey: the darker the box, the more stable the parameter over time and the more

frequently it is correlated with parameters of the other test.



object, the less they glanced at the umbrella. These correlations appear generally in 5–7 units

out of 10 (Table 5). Other parameters were correlated between these two tests, but less

frequently.

3.2.3. Novel area and surprise test, horse free

The faster the horses put one foot on the area and ate in the novel area test, the shorter the flight

distance and the faster they returned to eat during the surprise test. Moreover, the more they

glanced during the novel area test, the shorter the flight distance, the faster they returned to eat

and the more frequently they glanced at the umbrella and sniffed the floor during the surprise test.

These correlations appear in 5–8 units out of 10 (Table 6).

It can be seen from the last three paragraphs that the parameters which are the most often

correlated between the different tests are generally those which show the best stability over time

(see Tables 4–6).

3.2.4. Surprise test, horse held and the other three tests

No parameters of the surprise test with the horse held were correlated with parameters of the

novel area and the novel object test. There was only one correlation between the surprise test with

the horse held and the surprise test with the horse free, namely, the ‘‘maximum–minimum heart

rate’’ and flight distance. This correlation was significant in 5 units out of 10.
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Table 6

Stability across situations, search for correlations between parameters measured during the novel area test and the surprise

test, horse free

The numbers indicated in the table correspond to the number of significant correlations out of the 10 possibilities of

correlations calculated between two parameters. When this number is equal to 0, the box is empty. The direction of the

relationship is also indicated (+: positive correlation; �: negative correlation). Only the parameters which are correlated

with one or more parameter of the other test are presented. The parameters are presented from the more stable over time to

the less stable. Note the shades of grey: the darker the box, the more stable the parameter over time and the more

frequently it is correlated with parameters of the other test.



4. Discussion

The purpose of this paper was to examine whether a possible trait of fearfulness can be

inferred from some of the behaviours expressed by horses during potentially fear-eliciting test

situations.

Among the many behavioural parameters observed during the tests, we explored which ones

presented stability over time and across situations. Sniffing or licking/nibbling the novel object, the

times to put one foot on the novel area and to eat in the novel area test, the flight distance and the time

to return to eat under the umbrella in the surprise test, as well as the glances at the stimulus in the

novel area and the surprise tests presented such stability. The stability across situations of these

parameters means that an animal which does not sniff, lick or nibble the novel object will look

frequently at the novel area, will not put one foot on it or will not eat. It also has a long flight distance

and eats after a long time during the surprise test. The stability over time means that an animal which

shows these reactions at 8 months of age will also show them at 1.5 and 2.5 years of age.

These two aspects of stability mean that these behavioural parameters can be considered as the

reflection of a trait of temperament. According to Gray (1987), Boissy (1998) and de Catanzaro

(1999), the situations of novelty and suddenness used in this study are potentially fear inducing.

Consequently, this trait can be called fearfulness. In addition, among the different parameters

cited above, some of them showed better stability over time than others. These parameters were

the frequency of licking/nibbling in the novel object test, the time to put one foot on the area and

to eat in the novel area test, and the flight distance and the time to eat in the surprise test. The first

three parameters were significantly correlated over time in all the units, and the last two

parameters in 7 units out of 8. They can be considered as the best behavioural indicators of a trait

of fearfulness in this study.

Concerning stability across situations, our results are in line with many studies which show

links between reactions to different fear-inducing situations (rat: Broadhurst, 1957; Van der Staay

et al., 1990; chicken: Jones, 1987, 1988; Jones and Mills, 1983; Japanese quail: Mills and Faure,

1986; dog: Goddard and Beilharz, 1984; cattle: Boissy and Bouissou, 1991; goat: Lyons et al.,

1988; sheep: Romeyer and Bouissou, 1992; Vandenheede et al., 1998; Viérin and Bouissou, 2003

or horse: Viérin et al., 1998). However, in many of these studies, the correlations found between

the different situations may be due to the existence of common elements in all of the tests

situations, such as isolation or novel environment. This is theoretically not the case in the present

study. However, while we checked that the audience animals did not express any particular

behaviour related to the fearful stimuli, we cannot be sure that they did not influence the reactions

of some test animals. Thus, we cannot exclude the possibility that this potential social effect may

be considered as a ‘‘common element’’.

Concerning the stability over time, this is the first time that such long-term stability (from 8

months to 2.5 years of age) has been demonstrated in horses. Previously, Seaman et al. (2002)

attempted to determine a consistency of responses to a novel object over a period of 18 days, but

without success. Visser et al. (2001) also examined the stability of behaviours, but over a 1-year

period. They found that only a few parameters were stable and they concluded that long-term

stability could not be demonstrated convincingly. The low number of stable parameters over time

found in the Visser et al. (2001) study may be explained by the fact that their tests involved

several aspects of temperament, such as reaction to isolation, to humans or to restraint, in addition

to the reactions to novel stimuli.

At this stage, we should point out that we deliberately only used experimental situations with a

well-identified fear-eliciting event, and the responses were thus highly specific to the
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characteristics of the test conditions. Consequently, our results are likely to be different in

conditions with less well-identified fear-eliciting events, for example, when novelty concerns the

environment as a whole, or when suddenness involves a sound.

The other parameters measured during the tests, such as neighing, defecation, sniffing the

floor, blowing or vigilant positions were either too rarely expressed to be analysed or were not

sufficiently stable across time and situations. Thus, they cannot be considered as good indicators

of a fearfulness trait in this study. Some authors, such as Viérin et al. (1998) in horses or Romeyer

and Bouissou (1992) in sheep, interpreted these behaviours in terms of presence of fear. It is

interesting to notice that unlike the above behaviours, these are less specific to the stimulus. Thus,

it is possible that they could have been more involved as fear indicators in a novel arena design

with no specifically located event than in our tests. Moreover, these behaviours can be expressed

when the animal is frightened, but they are not sufficiently stable to be a specific reflection of a

trait of temperament.

In addition to the study of behavioural parameters, we also investigated if heart rate can be

used as an indicator of a trait of fearfulness. The different measures and indexes of the heart rate

observed or calculated during the surprise test, when the horses were held, show poor stability

over time and were never correlated with parameters of the novel object test or the novel area test.

Only one of them was correlated with one parameter of the surprise test, when the horse was free

(the ‘‘heart rate maximum–heart rate minimum’’ was correlated with the flight distance). Thus,

due to the low stability of the different measures of heart rate, this test does not provide a valid

measure of fearfulness under our conditions, particularly with young horses not used to being

handled. An absence of links between behavioural and physiological responses such as

defecation, corticoids and cardiac frequency has already been reported elsewhere (sheep: Torres-

Hernandez and Hohenboken, 1979; cattle: de Passillé et al., 1995; goat: Lyons and Price, 1987;

rat: Young and Leaton, 1994). Concerning stability over time, Visser et al. (2002) found that heart

rate parameters measured during a fear-eliciting test (novel object test) was correlated between 9

and 21 months of age. In our study, these correlations over time were also found, but only in 4

units out of the 8 tested. This difference can probably be explained by the difference between our

protocols: in Visser et al.’s study, horses were free during the recording whereas in our study they

were held to avoid locomotor activity influencing the heart rate. Thus, the reaction to the presence

of a human and to restraint may have strongly influenced their heart rate, particularly for the

horses which were difficult to fit with the equipment due to their strong defensive reactions.

Moreover, in contrast to the other three tests, the horses could not avoid the frightening stimuli. It

is well known that the degree of control an animal can exert over its threatening environment by

appropriate behaviour determines the perception the animal has of it and its reaction (Boissy,

1998). This was demonstrated by Weiss (1972) in rats which received an electric shock, with or

without the possibility of stopping it. How well an individual can control the event, and possibly

the extent to which it can act on the situation is moreover known to be one evaluation criteria

involved in the development of emotional reactions (for a review: Désiré et al., 2002). Finally, the

measure of heart rate we carried out may not be reliable: it is a very sensitive measure, which can

be strongly influenced by many uncontrollable events such as the internal state (emotional or

physiological) of the individual at the moment of the test, its locomotor activity or movements of

its body or different external stimulations (e.g. sound in the stable) which can cause an increase in

heart rate. In contrast to cardiac frequency, it is highly probable that other cardiac measures such

as heart rate variability, used successfully by Visser et al. (2002), would be a better indicator of

certain aspects of temperament if they are measured during appropriate conditions (for a review:

von Borell et al., 2007).
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Finally, this study also allowed us to examine if the stability of behaviour is a function of

age. Many studies have found that the stability of behaviours increases with age. For

example, in dogs, adult fearfulness could be predicted to some degree from fear reactions

observed at 3 months of age, but the accuracy of the prediction improved with age (Goddard

and Beilharz, 1984). In the present study, stability does not seem to change between 8 months

and 2.5 years of age: there are not more significant correlations between 1.5 and 2.5 years

than between 8 months and 1.5 years, and the values of R do not seem to increase with age.

Lansade et al. (2007), studying the same horses as those used in the present experiment but

from birth to 6 months of age (corresponding to the age of artificial weaning), found an age-

dependent increase in stability during this period. Young foals expressed very few behaviours

towards fear stimuli, neither approach reactions towards a novel object, nor avoidance

reaction to a surprise effect. These reactions appeared progressively with age from birth to

6 months of age, but once these reactions appeared, they were stable over time. The present

study complements this result by showing that behavioural stability may have reached a peak

by about 6–8 months of age.

5. Conclusion

To conclude, this study shows that the level of fearfulness of an individual can be determined

by observation of a few specific behaviours during short tests performed as early as 8 months of

age. It is thus possible to select animals according to fearfulness from this age. The next goal will

be to determine which level of fearfulness is appropriate for selection, depending on the specific

use of the horse.
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Objective: To characterise and provide nationally representative estimates of persons with non-fatal horse
related injuries treated in American emergency departments.
Methods: The National Electronic Injury Surveillance System All Injury Program (NEISS–AIP) is a stratified
probability sample comprising 66 hospitals. Data on injuries treated in these emergency departments are
collected and reported. NEISS–AIP data on all types (horseback riding and otherwise) of non-fatal horse
related injuries from 2001 to 2003 were analysed.
Results: An estimated 102 904 persons with non-fatal horse related injuries (35.7 per 100 000
population) were treated in American emergency departments each year from 2001 to 2003 inclusive.
Non-fatal injury rates were higher for females (41.5 per 100 000) than for males (29.8 per 100 000).
Most patients were injured while mounted on a horse (66.1%), commonly from falling or being thrown by
the horse; while not mounted, injuries most often resulted from being kicked by the horse. The body parts
most often injured were the head/neck region (23.2%), lower extremity (22.2%), and upper extremity
(21.5%). The most common principal diagnoses were contusions/abrasions (31.4%) and fractures
(25.2%). For each year that was studied, an estimated 11 502 people sustained traumatic brain injuries
from horse related incidents. Overall, more than 11% of those injured were admitted to hospital.
Conclusions: Horse related injuries are a public health concern not just for riders but for anyone in close
contact with horses. Prevention programmes should target horseback riders and horse caregivers to
promote helmet use and educate participants about horse behaviour, proper handling of horses, and safe
riding practices.

H
orseback riding is a popular recreational activity in the
USA, particularly within certain demographic groups
and regions of the country. In the USA, there are an

estimated 9.2 million horses,1 with more than 19 million
people aged 16 years and older participating in riding
activities.2 Along with participation comes the risk of injury.
A survey conducted of randomly selected households receiv-
ing a national horseback riding equipment catalogue found
that 27.5% of participants aged 25 years and younger who
rode six or more times a year had been treated by a physician
in the past two years for a horse related injury, and 6.1% had
been admitted to hospital for a horse related injury in their
lifetime.3 Even though horse related activities have fewer
participants than other sports and recreation activities,
horseback riding is the eighth leading cause of emergency
department treated, sports and recreation related injuries
among female participants.4

Horseback riding and related activities have unique
characteristics, with implications for the injuries sustained.
Horse related sports are among the few sports in which
participants from two different species function as a team,
with the horse having the ability to act independently and
unpredictably.5 In addition, horses are large and fast—often
weighing 450 kg (1000 pounds) or more and travelling up to
48 km/h (30 mph)—with the rider’s head up to 3 m (over 9
ft) above the ground.5 6 Even when not mounted on a horse, a
person can be seriously injured—a horse’s kick can generate a
force up to 1.8 times its body weight.7

Although many studies describe injuries sustained in horse
related incidents, most describe patients treated in a single
medical centre.7–15 Most national studies conducted in the
USA have focused on paediatric populations.16 17 This study
provides current and comprehensive national estimates of all

types (horseback riding and otherwise) of non-fatal horse
related injuries treated in American hospital emergency
departments, and characterises these injury incidents by
demographics of the person injured, injury circumstances,
types of injury, and disposition at discharge from the
emergency department. In addition, previous injury preven-
tion recommendations are discussed and placed in context
using the surveillance data.

METHODS
The National Electronic Injury Surveillance System (NEISS)
is an emergency department surveillance system operated by
the US Consumer Product Safety Commission.18 The system
was designed to generate national estimates of consumer
product related injuries. NEISS is a nationally representative
stratified sample of 99 hospitals in the USA and its territories
that have at least six beds and provide 24 hour emergency
care. The hospitals are stratified into four categories based on
the annual number of emergency department visits, with a
fifth stratum for children’s hospitals.

The NEISS All Injury Program (NEISS–AIP) is a subsample
of 66 of the 99 NEISS hospitals.19 In these emergency
departments, data are collected on all injuries, regardless of
cause or consumer product involvement. NEISS–AIP collects
data on approximately 500 000 injury related emergency
department visits annually, including age, sex, day and
month of treatment, consumer products involved, primary
body part injured, principal diagnosis, disposition at emer-
gency department discharge, and a two line narrative
describing the injuries and circumstances. Because the

Abbreviations: ATV, all-terrain vehicle; NEISS–AIP, National Electronic
Injury Surveillance System All Injury Program; SR, sports and recreation
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analysis of NEISS–AIP data does not involve patient contact,
these data are exempt from institutional review board
approval.

Cases were defined as patients injured while engaged in
horse related activities (riding, mounting or dismounting,
caring for a horse while not mounted, riding in a horse drawn
buggy/cart, or being run over by a horse drawn vehicle).
Cases were identified if one of two criteria was met: (1) if one
of the two consumer product codes was ‘‘horseback riding—
activity, apparel, or equipment’’; or (2) if one of the product
codes was ‘‘animal induced injury’’ and the narrative
included the word ‘‘horse’’ or ‘‘pony.’’ Because NEISS–AIP
does not capture all deaths, patients who were dead on
arrival or who died while in the emergency department were
excluded. Other types of cases were also excluded: motor
vehicle occupants injured in a collision with a horse; injuries
involving horse related equipment without mention of a
horse (for example, tripped over a saddle on the floor);
injuries associated with donkeys or mules; persons injured
while in the barn or pasture with no mention of direct horse
involvement (for example, falling while in the barn to feed
horses); and persons who sought emergency department care
because of a second unrelated injury incident (for example,
motor vehicle crash today, fell off horse last week). In
addition to the routinely collected NEISS–AIP variables, one
author reviewed the narratives and coded additional circum-
stance variables. These included the mechanism of injury
(fall, crush); whether the person was mounted, not mounted,
or in the process of mounting/dismounting; other circum-
stances (horse tripped, person fell, and so on); and specific
diagnoses (such as traumatic brain injury).

Each case was assigned a sample weight based on the
inverse probability of selection and both non-response and
post-stratification adjustments to account for changes in the
total number of American hospital emergency department
visits over time. These weights were summed to produce

national estimates. The national estimates were based on
weighted data for 4122 cases of horse related injuries seen in
NEISS–AIP hospitals from 2001 to 2003 inclusive. Estimates
were annualised by dividing the weighted totals by 3. Rates
were calculated using the US Census 2001–2003 bridged race
population estimates obtained from the National Center for
Health Statistics.20 Confidence intervals were calculated using
a direct variance estimation procedure that accounted for the
sample weights and complex sampling design.

RESULTS
Each year from 2001 to 2003, an estimated 102 904 people
(35.7 per 100 000 population) were treated in American
hospital emergency departments for horse related injuries.
About 19% of those were 14 years of age or younger (table 1).
Overall, females had higher rates of injury than males, but
sex specific rates and the differences between female and

Table 1 National estimates* and rates� of non-fatal horse related injuries treated in
emergency departments, by age group, sex, and disposition at emergency department
discharge—USA, 2001–2003

Characteristic Annual estimate Percentage Rate (95% CI)

Age (years)
0–4 2188 2.1 11.2 (7.1 to 15.3)
5–9 4936 4.8 24.7 (17.4 to 32.0)
10–14 12 392 12.0 58.9 (43.4 to 74.3)
15–19 10 053 9.8 49.4 (35.3 to 63.4)
20–24 7795 7.6 38.4 (28.2 to 48.7)
25–29 7854 7.6 41.3 (31.3 to 51.4)
30–34 8843 8.6 42.6 (30.4 to 54.8)
35–39 10 640 10.3 48.8 (35.3 to 62.2)
40–44 11 807 11.5 51.6 (37.5 to 65.7)
45–49 9763 9.5 45.9 (31.8 to 60.0)
50–54 7004 6.8 37.4 (27.7 to 47.1)
55–59 4377 4.3 29.2 (18.4 to 40.0)
60–64 2555 2.5 22.0 (12.1 to 31.9)
65+ 2665 2.6 7.5 (4.7 to 10.2)
Unknown 33 0.0 – –

Sex
Male 42 162 41.0 29.8 (22.1 to 37.5)
Female 60 703 59.0 41.5 (30.2 to 52.7)
Unknown 39 0.0 – –

Disposition at ED discharge
Treated and released 90 776 88.2 31.5 (24.1 to 39.0)
Admitted to hospital/transferred 11 481 11.2 4.0 (2.3 to 5.7)
Other/unknown 646 0.6 – –

Total 102 904 100.0 35.7 (26.9 to 44.6)

*Numbers may not add up to totals because of rounding.
�Per 100 000 population.
CI, confidence interval; ED, emergency department.
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male rates varied across age groups (table 1, fig 1). Injury
rates for females peaked at 10–14 years (90.6 per 100 000)
and at 35–44 years (60.2 per 100 000). Ages 10–14 years also
had the greatest difference in rates by sex, the female rate
being more than three times the male rate. For patients aged
55 years and older, males had somewhat higher rates than
females. Of all patients treated for horse related injuries,
more than 11% were admitted to hospital or transferred for a
higher level of care.

Overall, the most common mechanism of injury was a fall
(55.1%), followed by being struck by or against (24.0%)
(table 2). Almost 6% of injuries were work related. The most
common primary body parts injured were the head/neck
(23.2%), lower extremities (22.2%), and upper extremities
(21.5%). The most frequent principal diagnoses were contu-
sions/abrasions (31.4%), fractures (25.2%), and strains/
sprains (15.8%).

Nearly two thirds of injured persons were mounted on
horseback at the time of the event causing the injury. For those
mounted, the most common mechanism was a fall (78.9%),
with the most common principal diagnoses being fractures
(28.0%) and contusions/abrasions (27.9%). A majority (63.9%)
of injuries were either to the trunk or head/neck region. For
those not mounted, the most common mechanisms were being
struck by/against (56.6%) and being crushed (25.6%), and the
most common principal diagnoses were contusions/abrasions
(40.8%) and fractures (18.9%). A majority (60.2%) of injuries
for those not mounted involved the extremities.

Based on the principal diagnosis along with injuries
described in the narrative, 11.2% of those injured had a
traumatic brain injury (n = 11 502; 95% confidence interval
(CI), 5663 to 17 340). The narratives also suggested that 1.6%
of patients were treated for hip or pelvic fractures, and 1.5%
sustained spinal fractures. Most injuries (55.7%) were treated
in the months of May to September, and 40.1% were treated
on Saturday or Sunday (results not in table).

The two most common circumstances of injury were first,
falling or being thrown by the horse while mounted (44.6%),
and second, being kicked by a horse while not mounted
(11.2%) (table 3). Less common circumstances of injury
included falling or being thrown while mounted because the
horse reared, bucked, or was spooked (7.5%), and being
stepped on by the horse while not mounted (6.1%).

The distribution of injuries by primary body part affected
and principal diagnosis differed for persons who were
mounted and not mounted at the time of injury (table 4).
Of those mounted, the most common diagnoses were
traumatic brain injury (that is, concussions/internal injuries
to the head) (11.9%); fractures/dislocations to the upper
extremities (11.0%); fractures/dislocations to the upper trunk
(9.0%); and contusions/abrasions to the lower trunk (8.0%).
Of those not mounted, the most frequent diagnoses were
contusions/abrasions to the lower extremities (18.2%),
contusions/abrasions to the upper extremities (8.6%), frac-
tures/dislocations to the lower extremities (7.5%), and
lacerations to the head (7.2%).

DISCUSSION
Most horse related injuries occur among females, which is in
contrast to other injury causes which are often more
prevalent for males.21 These injuries are quite severe, with a
larger percentage admitted to hospital than for other causes
of injury (11.2% v 5.5% for all injuries), and with a
substantial number sustaining more serious diagnoses such
as fractures and head injuries.21

The annual number of horse related injuries from 2001–
2003 reported in this study (102 904) is higher than the
estimates previously reported using NEISS. A study using
1990 NEISS data estimated that 74 349 persons with horse
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Table 3 National estimates* of non-fatal horse related injuries treated in emergency departments, by injury circumstances�—
USA, 2001–2003

Circumstance Annual estimate (95% CI) Percentage

Mounted
Fall/thrown

And no other circumstances reported 45 875 (34 598 to 57 152) 44.6
And struck by or against object (eg, fence, tree) 1896 (993 to 2800) 1.8
And was stepped on, trampled, or kicked by horse 1277 (598 to 1956) 1.2
And horse fell/rolled 1173` (409 to 1938) 1.1
And other circumstance(s) 522` (120 to 924) 0.5

Bucked/reared/spooked
And no other circumstances reported 153` (22 to 284) 0.1
And person fell or was thrown 7755 (4367 to 11 142) 7.5
And other circumstance(s) 777 (394 to 1160) 0.8

While riding
And no other circumstances reported 1718 (1098 to 2338) 1.7
Struck against object 1915 (1169 to 2661) 1.9
And other circumstance(s) 832 (440 to 1223) 0.8

Horse tripped, fell, and/or rolled
And no other circumstances reported 2475 (1696 to 3253) 2.4
And person fell or was thrown 1044 (425 to 1664) 1.0
And other circumstance(s) 189` (37 to 341) 0.2

Other/unknown circumstance(s) 425` (165 to 685) 0.4
Not mounted

Kicked 11 534 (8917 to 14 150) 11.2
Stepped on 6315 (4243 to 8388) 6.1
Pushed into, pulled, jerked, or knocked down 3076 (2215 to 3938) 3.0
Bitten 1817 (1087 to 2547) 1.8
Bucked/reared/spooked 1485 (761 to 2209) 1.4
Struck by or against object 1459 (913 to 2004) 1.4
Body part caught 1279 (832 to 1725) 1.2
Hit by horse’s head 1017 (616 to 1419) 1.0
Horse tripped/fell/rolled 831 (413 to 1249) 0.8
Other/unknown circumstance(s) 1475 (929 to 2021) 1.4

Mounting/dismounting
Fell 995 (447 to 1544) 1.0
Jumped off 652 (325 to 979) 0.6
Other/unknown circumstance(s) 852 (541 to 1163) 0.8

Other/unknown mounted status 2090 (993 to 3187) 2.0

*Numbers may not add up to totals because of rounding.
�Circumstance categories are mutually exclusive. Cases were coded to the furthest level of detail known.
`Estimate may be unstable because the coefficient of variation is more than 30%.
CI, confidence interval.

Table 4 National estimates* of non-fatal horse related injuries treated in emergency departments, by primary body part
injured and principal diagnosis for those mounted or not mounted at time of injury—USA, 2001–2003

Primary body part affected and
principal diagnosis

Mounted Not mounted

Annual
estimate (95% CI) %

Annual
estimate (95% CI) %

Head/neck 16 789 (10 360 to 23 219) 24.7 6107 (4328 to 7886) 20.2
Concussion/internal injury 8068 (3685 to 12 451) 11.9 1641 (774 to 2508) 5.4
Contusion/abrasion 2675 (1801 to 3549) 3.9 1120 (686 to 1554) 3.7
Laceration 2400 (1604 to 3196) 3.5 2193 (1573 to 2812) 7.2
Other 3647 (2188 to 5106) 5.4 1153 (590 to 1716) 3.8

Upper trunk 13 747 (9956 to 17 539) 20.2 3999 (2807 to 5190) 13.2
Contusion/abrasion 4799 (3447 to 6151) 7.1 1920 (1161 to 2678) 6.3
Fracture/dislocation 6122 (4180 to 8064) 9.0 1008 (597 to 1419) 3.3
Other 2826 (1661 to 3992) 4.2 1071 (705 to 1437) 3.5

Lower trunk 12 921 (9685 to 16 157) 19.0 1832 (1246 to 2418) 6.1
Contusion/abrasion 5475 (4089 to 6861) 8.0 1196 (732 to 1660) 4.0
Strain/sprain 3653 (2469 to 4837) 5.4 275� (100 to 449) 0.9
Other 3793 (2464 to 5123) 5.6 361� (135 to 588) 1.2

Upper extremities 13 127 (10 028 to 16 227) 19.3 7723 (5867 to 9579) 25.5
Contusion/abrasion 2649 (1849 to 3450) 3.9 2596 (1893 to 3299) 8.6
Fracture/dislocation 7477 (5547 to 9408) 11.0 2160 (1319 to 3001) 7.1
Laceration 577 (282 to 873) 0.8 1043 (677 to 1409) 3.4
Other 2423 (1655 to 3192) 3.6 1924 (1303 to 2545) 6.4

Lower extremities 10 704 (8148 to 13 260) 15.7 10 517 (7716 to 13 318) 34.7
Contusion/abrasion 2823 (1928 to 3718) 4.1 5525 (3868 to 7182) 18.2
Fracture/dislocation 3523 (2414 to 4632) 5.2 2263 (1422 to 3104) 7.5
Strain/sprain 3426 (2453 to 4399) 5.0 1082 (637 to 1528) 3.6
Other 933 (539 to 1327) 1.4 1647 (954 to 2340) 5.4

Other/unknown body part 737 (349 to 1125) 1.1 112� (249 to 272) 0.4

*Numbers may not add up to totals because of rounding.
�Estimate may be unstable because the coefficient of variation is more than 30%.
CI, confidence interval.
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related injuries were treated in American hospital emergency
departments.17 NEISS estimates for 2000 and 2001 (that is,
79 094 and 79 746, respectively) were reported in a news-
letter for the American Medical Equestrian Association.22

Estimates in previous reports were based only on NEISS
cases with a product code indicating ‘‘horseback riding—
activity, apparel, or equipment,’’ whereas our estimates also
used the narratives to identify other cases with horse related
injuries. Our more comprehensive definition resulted in a 10-
fold increase, from 2907 to 30 288, in the annual estimated
number of cases identified as injured when not mounted.

The results observed in this study are generally consistent
with previous studies. First, the greater number of females
with horse related injuries in this study (59%) is consistent
with the percentage of females seen in previous studies (52%
to 85%).8–11 16 23 Second, the age patterns of those injured in
this study are also consistent with previous studies, with
most showing a peak for those aged 10 to 14 or 10 to 19
years,9 13 23 and some showing a second peak for those aged
30 to 40.13 23 Third, as in this study, most previous studies
have found that falling/being thrown from the horse and
being kicked are the two most common incidents leading to
injuries.9–12 16 24 25 Finally, the figure of 11% of patients
admitted to hospital or transferred in this study corresponds
to hospital admission rates in other studies (7% to
30%).9 10 13 14 23 26–28

Horse related injuries share some similarities and dissim-
ilarities with other sports and recreation (SR) injuries. Both
horse related and SR injuries peak among adolescents aged
10 to 14 years4; however, SR injuries generally do not peak a
second time in the 35 to 49 year age group. Although the SR
injury rate for males is twice that for females, the horse
related injury rate is 1.4 times higher for females than for
males. Horse related injuries are also more severe, as
evidenced by 11.2% being admitted to hospital or transferred,
as opposed to 2.3% for SR injuries.

Comparisons between horse related injuries and all-terrain
vehicle (ATV) injuries are relevant. Both involve potentially
high speeds, an ‘‘off road’’ environment, and riders external
to both ‘‘vehicles.’’ Each year, about 127 000 ATV related
injuries are treated in American hospital emergency depart-
ments, similar to the number of horse related injuries, and a
comparable percentage is admitted to hospital or transferred
(12.2% for ATV injuries v 11.2% for horse related injuries).
The composition of serious injuries as determined by
principal diagnoses is also similar, with 26.0% of ATV related
patients sustaining fractures and 7.8% diagnosed as having
traumatic brain injuries, compared with 25.2% and 9.7%,
respectively, for patients with horse related injuries (unpub-
lished NEISS-AIP data). Given the similarity of horse related
and ATV injuries, surprisingly safety regulation/legislation
only involves ATV riders (helmet use, minimum age
requirements, and safety education)29; no such regulations
exist for horseback riders.

Limitations
This study had several limitations. First, because data are
lacking on the number of participants in horse related
activities, injury rates were calculated based on US popula-
tion estimates and could not account for different exposures
to horses by age and sex. Second, because the narratives
varied in detail, data were not systematically available on
factors potentially associated with the injury incident, such as
protective equipment use (helmets, vests); alcohol use; skill
level of the rider; information about the horse’s nature or
behaviour; and environmental conditions. Third, NEISS–AIP
data only capture injuries treated in hospital emergency
departments, not injuries treated elsewhere or not at all.
Fourth, NEISS–AIP data only allow one body part diagnosis

to be recorded; when possible, however, other severe injuries
mentioned in the narratives were coded. Finally, data are not
presented by race because of the high percentage (26%) of
cases with no race specified.

Implications for prevention
The frequency and severity of horse related injuries indicate
that prevention programmes are needed. Measures can be
taken to prevent horse related injuries, either by reducing the
likelihood of incidents that may result in injuries (primary
prevention: securing saddle, education) or by reducing the
likelihood of injuries once an incident has occurred (second-
ary prevention: helmet use).

Probably the most important measure individuals can take
to reduce serious injuries is to wear a helmet meeting the
standards of the American Society for Testing and Materials
(ASTM)/Safety Equipment Institute (SEI), such as ASTM
standard F1163, or a similarly certified helmet. Currently, the
American Academy of Pediatrics, the American Medical
Association, the US Pony Club, and other organised groups
recommend the use of ASTM/SEI helmets.5 6 30 The mechan-
isms for head injury are similar to those for activities in
which helmets have proven effective (riding a bicycle,
motorcycle, or ATV), and many horse related studies have
shown either a reduction in injuries following increased
helmet use or less severe injuries among people wearing
helmets.5 7 15 31 Helmets should fit well and be properly
secured.5 Because of the risk of being kicked while not
mounted, some experts have recommended wearing helmets
even when not mounted for young children and for certain
activities (Malavase D, personal communication); in this
study, 16% of the patients with a principal diagnosis of
traumatic brain injury sustained the injury while not
mounted.

Unfortunately, there are no current estimates of equestrian
helmet use in the USA. The latest survey conducted in 1991
estimated that 43% of riders wore helmets at least some of
the time.31 Identified barriers to helmet use (for example, low
risk perception, lack of comfort and style) apply to both
equestrian and bicycle helmets31 32; promotion strategies
identified for bicycle helmets may also be successful in
promoting helmets for horse related activities.33 34

Previous recommendations emphasise wearing appropriate
riding attire. Sturdy boots with a heel should be worn to
prevent the feet from slipping through the stirrup.3 5 6 24 27 35–38

Gloves of non-skid material may also be worn.5 35 39 Loose
fitting clothes should be avoided and hair should be tied back
to avoid entanglement with branches and other obsta-
cles.3 6 27 36

Other safety equipment has been suggested, although the
protective effects have not been proven. Safety stirrups that
release when a certain amount of pressure is applied may
prevent a rider from being dragged. Though recommended by
some experts,9 37 others question whether they are effec-
tive.5 35 36 In this study, more than 350 people were injured
each year when a foot was caught in a stirrup. Additionally,
body protector vests may protect the spinous processes and
ribs from kicks and falls.36 While mandatory for certain
events in Britain,25 the effectiveness of such vests has not
been evaluated.5 An ASTM standard for these vests has been
established (ASTM F1937).

Individuals should be in the proper physical and mental
condition to ride or work around horses.35 Riding requires
balance, agility, mental acuity, and a reasonable level of
physical fitness.5 40 Alcohol should not be consumed when
riding or working with horses.40 Previous studies have found
that of those tested, 17% of horse related hospital admis-
sions12 and 33% of deaths39 involved a detectible blood alcohol
level. In this study, less than 1% of unweighted cases (34)
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were reported to involve alcohol use. However, alcohol use
was probably underreported because the information was not
routinely collected in NEISS-AIP.

Education by trained instructors may help prevent horse
related injuries.5 6 17 24 27 30 40 Horses are a prey species whose
actions can be better understood and predicted when the
animal’s instincts are considered. For example, horses can be
spooked when exposed to new experiences or perceived
threats (for example, a person walking into a horse’s blind
spot).38 Additionally, experts recommend instruction in
proper falling techniques.5 24 27 36 40

Aside from protective equipment, appropriate clothing, and
training, other safety measures should be considered when
preparing to ride. One should ensure that the horse is in good
health and appropriately matched to the rider’s abil-
ities.3 5 30 37 40 Additionally, inspect all tack to ensure that it
is correctly applied.3 5 6 27 40 In this study, an estimated 550
people were injured each year when the saddle slipped or
broke. Riders and others working with horses should avoid
wrapping the reins, lead, or rope around their hands.37 38 An
estimated 2000 people in this study were injured annually
when their hands or fingers were caught in the horse’s tack.

Riding organisations and stables can influence proper
horse riding and handling by instituting regulations or
guidelines regarding helmet use, appropriate attire, rider
education, and supervision to create an atmosphere where
safe practices are routine. Previous researchers suggest that
children and inexperienced riders should be adequately
supervised,5 37 and children under six should not be allowed
to ride independently.6 In addition, riding environments can
be modified to reduce the risk of injury (for example, energy
absorbing riding surfaces5). Finally, previous researchers
recommend having medical care available at organised
events,5 41 42 along with having an emergency plan for daily
operations including first aid training for personnel and the
availability of emergency supplies.43

Riders, equestrian organisations, and health care providers
have opportunities to prevent horse related injuries by
counselling those involved in these activities. Stressing injury
prevention to persons who have experienced an injury may
be beneficial because reinjury rates are reportedly high, with
25% to 37% of injured persons having had a previous
injury.9 10 23 28 Because of the frequency of concussions during
horse related activities and the concern regarding repeated
concussions, the use of return-to-play guidelines similar to
those used in contact sports is relevant.24 44

Conclusions
This study shows that horse related injuries are a serious
issue, particularly for young females. The hospital admission
rate and the percentage of people with potentially severe
diagnoses underscores the need for prevention efforts.
Prevention programmes should target helmet use as well as
education and training about horse behaviour, and safe horse
handling and riding. Additional research is needed to
evaluate the effectiveness of specific interventions to reduce
the number and severity of horse related injuries.
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