
 

This article is downloaded from 
 

 

 

 

http://researchoutput.csu.edu.au 
 
It is the paper published as: 

 
Author: G. K. Noble, K. L. Blackshaw, A. Cowling, P. A. Harris and M. N. Sillence 

Title: An objective measure of reactive behaviour in horses 

Journal: Applied Animal Behaviour Science ISSN: 0168-1591 

Year: 2013  

Volume: 144  

Issue:  3-4 

Pages: Abstract: Several tests have been devised in an attempt to detect behaviour modification due 
to training, supplements or diet in horses. These tests rely on subjective observations in combination 
with physiological measures, such as heart rate (HR) and plasma cortisol concentrations, but these 
measures do not definitively identify behavioural changes. The aim of the present studies was to 
develop an objective and relevant measure of horse reactivity. In Study 1, HR responses to auditory 
stimuli, delivered over 6 days, designed to safely startle six geldings confined to individual stalls was 
studied to determine if peak HR, unconfounded by physical exertion, was a reliable measure of 
reactivity. Both mean (-±SEM) resting HR (39.5 -± 1.9 bpm) and peak HR (82 -± 5.5 bpm) in response 
to being startled in all horses were found to be consistent over the 6 days. In Study 2, HR, plasma 
cortisol concentrations and speed of departure from an enclosure (reaction speed (RS)) in response 
to a single stimulus of six mares were measured when presented daily over 6 days. Peak HR 
response (133 -± 4 bpm) was consistent over days for all horses, but RS increased (3.02 -± 0.72 m/s 
on Day 1 increasing to 4.45 -± 0.53 m/s on Day 6; P = 0.005). There was no effect on plasma cortisol, 
so this variable was not studied further. 
 
DOI: http://dx.doi.org/10.1016/j.applanim.2012.12.009  
 
URLs: http://www.journals.elsevier.com/applied-animal-behaviour-science/  
http://researchoutput.csu.edu.au/R/-?func=dbin-jump-full&object_id=41957&local_base=GEN01-
CSU01 
 
Author Address: gnoble@csu.edu.au 
 
CRO Number: 41957 
 
 
 
 
 
 
 
 
 
 
 

http://researchoutput.csu.edu.au/
http://dx.doi.org/10.1016/j.applanim.2012.12.009
http://www.journals.elsevier.com/applied-animal-behaviour-science/
http://researchoutput.csu.edu.au/R/-?func=dbin-jump-full&object_id=41957&local_base=GEN01-CSU01
http://researchoutput.csu.edu.au/R/-?func=dbin-jump-full&object_id=41957&local_base=GEN01-CSU01
http://www.csu.edu.au/
http://bilby.unilinc.edu.au:8881/R?func=search&local_base=GEN01-CSU01


 
 
 
 
 
 
 
 
 
 
 
 
 

 

An objective measure of reactive behaviour in horses.  

Glenys K. Noble
a
*, Kathryn L. Blackshaw

a
, Ann Cowling

a
, Patricia A. Harris

b
 and Martin N. Sillence

c
  

a
 School of Animal and Veterinary Sciences, Charles Sturt University, Wagga Wagga, NSW, 2678, 

Australia  

b
Equine Studies Group, WALTHAM Centre for Pet Nutrition, Waltham-on-the-Wolds, Leicestershire, 

LE144RT, UK.  

c
School of Earth, Environmental and Biological Sciences, Queensland University of Technology, 

Brisbane, QLD, 4001, Australia  

* Corresponding author. Tel.: +61 2 6933 4242; fax: +61 2 6933 2991. Email address: 

gnoble@csu.edu.au  (G. Noble).  

 

 

mailto:gnoble@csu.edu.au


Abstract  

Several tests have been devised in an attempt to detect behaviour modification due to training, 

supplements or diet in horses. These tests rely on subjective observations in combination with 

physiological measures, such as heart rate (HR) and plasma cortisol concentrations, but these 

measures do not definitively identify behavioural changes. The aim of the present studies was to 

develop an objective and relevant measure of horse reactivity. In Study 1, HR responses to auditory 

stimuli, delivered over 6 days, designed to safely startle six geldings confined to individual stalls was 

studied to determine if peak HR, unconfounded by physical exertion, was a reliable measure of 

reactivity. Both mean (± SEM) resting HR (39.5 ± 1.9 bpm) and peak HR (82 ± 5.5 bpm) in response 

to being startled in all horses were found to be consistent over the 6 days. In Study 2, HR, plasma 

cortisol concentrations and speed of departure from an enclosure (reaction speed (RS)) in response to 

a single stimulus of six mares were measured when presented daily over 6 days. Peak HR response 

(133 ± 4 bpm) was consistent over days for all horses, but RS increased (3.02 ± 0.72 m/s on Day 1 

increasing to 4.45 ± 0.53 m/s on Day 6; P=0.005). There was no effect on plasma cortisol, so this 

variable was not studied further. In Study 3, using the six geldings from Study 1, the RS test was 

refined and a different startle stimulus was used each day. Again, there was no change in peak HR 

(97.2 ± 5.8 bpm) or RS (2.9 ± 0.2 m/s on Day 1 versus 3.0 ± 0.7 m/sec on Day 6) over time. In the 

final study, mild sedation using acepromazine maleate (0.04 mg/kg BW i.v.) decreased peak HR in 

response to a startle stimulus when the horses (n = 8) were confined to a stall (P = 0.006), but not in 

an outdoor environment when the RS test was performed. However, RS was reduced by the mild 

sedation (P = 0.02). In conclusion, RS may be used as a practical and objective test to measure both 

reactivity and changes in reactivity in horses. 
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1. Introduction 

 As a prey animal, the horse’s principal survival mechanism is flight (Goodwin, 1999). The moment 

of flight, manifested as head tossing, a rigid body, shying and, in extreme cases, bucking, spinning, 

bolting or rearing, is the most dangerous in terms of accidents and injuries to horse handlers as well as 

horses (Cripps, 2000; McLean and McLean, 2002). If a horse’s flight reaction is deemed excessive, 

some owners resort to using calmative preparations (Grimmett and Sillence, 2004), specialised diets 

(Holland et al., 1996) or desensitising training programs (McLean and McLean, 2002). To date, there 

is no definitive test to evaluate if such strategies are effective in modifying behaviour. There has, 

however, been considerable interest in developing objective measures of equine behaviour, including 

manageability and reactivity (Holland et al., 1996; McCann et al., 1988; Seaman et al., 2002; von 

Borstel et al., 2011).  

  

Of key importance to rider/handler and/or horse injury, is a horse’s response to fear and/or anxiety, 

and its associated reactivity. According to Forkman et al. (2007), fear and anxiety are two closely 

related emotions: fear is defined as a reaction to the perception of actual danger, with anxiety defined 

as the reaction to a potential danger. However, quantifying these variables in the horse has been 

difficult, with Forkman et al. (2007) concluding that there is a lack of good fear tests for horses.  

Furthermore, Visser et al. (2001) state that, in many tests, it is unclear whether the behaviour being 

measured is fear, social motivation, exploration, or a combination of these factors. Some behaviour 

tests are difficult to interpret, as they rely on subjective behavioural observations combined with 

indirect physiological measures including heart rate (HR) and/or plasma cortisol concentrations 

(McCall et al., 2006; Minero et al., 2006; Noble et al. 2008). In other cases, judgments about the fear 

response are made from changes in exploratory behaviour (Christensen et al., 2005; Nicol et al., 

2005). The reaction of a horse to a sudden, unexpected movement and/or noise is likely to be stronger 

and more relevant to rider safety than its response to a novelty item (Christensen et al., 2005). 

Attempts have been made to objectively measure fear reactions in horses (Christensen et al., 2006; 

Redondo et al., 2010; von Borstel et al. 2010), but again it has been questioned whether some 

parameters were truly related to fearfulness (von Borstel et al., 2010).  



 

Cattle share several attributes with horses, being herbivores and herd animals that rely on flight for 

survival (Keeling and Gonyou, 2001). A quantifiable and objective measure of the reactivity, known 

as the flight-speed test has been used successfully in cattle for several years (Burrow et al., 1988; 

Petherick et al., 2009a; Tozser et al., 2003). Burrow and Corbet (2000) define flight speed as the 

electronically recorded time taken for cattle to cover a fixed distance after leaving a weighing crush. 

We adapted the flight speed test for use in horses by introducing a startle stimulus, rather than relying 

on release from confinement to initiate the flight response, but unlike the use of the flight speed test in 

cattle, we were not attempting to identify calmer animals (Burrow and Prayaga, 2004; Petherick et al., 

2009b). Rather, we wished to develop a test to objectively measure a consistent reactive response 

among a group of horses with the ultimate aim of being able to assess the efficacy of calmative 

strategies.  To avoid confusion with the cattle test, we termed this test a ‘reaction speed’ (RS) test.  

 

A series of studies was designed to determine: (1) the consistency of HR, plasma cortisol and RS 

responses to a variety of stimuli, and to examine the relationship (if any) between these measures; (2) 

the degree of habituation to a repeated stimulus; and (3) the sensitivity of HR and RS in identifying 

horses that had received a behaviour-modifying preparation.  

 

2. Animals, materials and methods  

2.1 Animal ethics  

All studies and procedures were performed with the approval of the Animal Care and Ethics 

Committee of Charles Sturt University, and were in accordance with the Australian Code of Practice 

for the Care and use of Experimental Animals for Scientific Purposes (NHMRC, 2004).  

 

2.2 Study 1: Measurement of peak heart rate to gauge reactivity to a variety of stimuli.  

 Two Standardbred and four Thoroughbred geldings (aged 6 to 13 yrs, BW 537.3 ± 60.6 kg) were 

used to examine the consistency and magnitude of peak HR, as a measure of reactivity to being safely 

startled by three different stimuli on six different occasions.  



 

The horses were part of the Charles Sturt University teaching herd, kept in a communal paddock and 

handled regularly. They were maintained on pasture supplemented daily with lucerne hay fed at 1% 

BW on an as-fed basis. All six horses were brought in as a group on test days, approximately 60 min 

before the test, and placed in individual 4 m
2
 stalls in an enclosed barn, with three stalls facing 

inwards on either side of a breezeway. The door to each stall provided limited visual contact between 

the horses. Each horse was allotted the same stall each day. All horses had been housed in this barn on 

numerous previous occasions. The main barn doors were closed to minimise distractions and 

fluorescent lighting (approximately 150 lux) was employed, in each stall and in the breezeway.  

 

On entering the stall, each horse was fitted with a HR monitor with a memory function (Polar Vantage 

XL, Polar Electro Ltd, Warwick, UK) attached to an elastic surcingle. The electrodes were lubricated 

(obstetrical lubricant, Troy Laboratories, Smithfield, NSW, Australia) to ensure consistent contact. 

All horses were familiar with this equipment as it is routinely used in teaching. Once the HR monitors 

were fitted, the researchers exited the barn. Heart rate was measured at 60 s intervals for 40 min 

before the stimulus was applied to ensure the horses had settled. Baseline or resting HR was taken as 

the lowest HR consistently recorded over this 40 min period. The HR continued to be measured 

during and after each stimulus, to determine peak HR. 

 

To elicit a startle response, the geldings were exposed on 2 consecutive days to three different 

auditory or combined auditory and visual stimuli. Each stimulus was activated by a researcher who re-

entered the barn and stood in the middle of the breezeway, 1.5 to 2 m from each stall, with the horses 

tested as a group. Each stimulus was applied abruptly for less than 1 s. The researcher exited the barn 

once the stimulus had been applied. The horses were startled using the first stimulus (banging a steel 

rubbish bin lid) once on each of Days 1 and 2 to determine if there was any effect on HR of repeating 

the same stimulus. After a 3-day interval the second stimulus (cracking a stock whip) was applied 

once on two consecutive days (Days 3 and 4). After another 3-day interval, the third stimulus (a shrill 

whistle combined with waving a chaff bag) was applied once on each of 2 consecutive days (Days 5 



and 6).  The stimuli were applied at a different time each day (Day 1, 09:00 h; Day 2,14:00 h; Day 3, 

10:00 h; Day 4, 15:00 h; Day 5, 11:00 h; Day 6, 16:00 h), to lessen the probability that the horses 

would anticipate the stimulus and show a modified response (Rivera et al., 2002). 

 

2.3 Study 2: Reaction speed response to a single stimulus  

Three Standardbred and three Thoroughbred mares (aged 9 to 19 yrs, BW 517 ± 47.8 kg), managed in 

the same way as the geldings in Study 1, were subjected daily for 6 consecutive days to the reaction 

speed (RS) test using the same stimulus each day (waving a dressage whip with a plastic bag tied to 

one end). The horses were controlled by one familiar handler throughout all the RS tests and were 

tested individually. The testing sessions began at different times each day (09:00, 10:00, 11:00, 14:00, 

15:00, and 16:00 h), for the reasons stated above.  

 

The order of testing the horses was determined by using a random draw each day. Heart rate was 

measured as using the HR monitors described in Study 1, but the frequency of HR measurement was 

increased to 5 s intervals to improve the accuracy for detecting peak HR. Baseline HR was taken as 

the lowest HR recorded in the period (approximately 10 min) between fitting the HR monitor and 

collection of a blood sample.  

 

Blood was collected via jugular venipuncture into 10 mL EDTA-coated vacutainers (Terumo, Europe 

NV, Leuven, Belgium) once horses appeared settled in holding yards, which were adjacent to the RS 

testing area, and at 50 min after each RS test, consistent with Malinowski et al. (2006), who 

demonstrated that plasma cortisol concentrations remain elevated in horses for 40 to 60 min after the 

horses ceased exercise. 

 

The blood was placed into a refrigerated centrifuge (3,500 x g at 4
o
C) for 20 min. Plasma was 

harvested and stored at -20°C until analysed approximately 2 weeks after collection. Plasma cortisol 

concentrations were measured using an in-house competitive protein binding assay previously 

validated for use in the horse (Noble et al., 2007).  



 

The RS race (Fig. 1) was constructed in an enclosed laneway against an existing fence. The RS race 

was set up within a larger enclosed area made of highly visible steel pipe. The size of this area 

ensured the horses had slowed from their initial acceleration and were in no danger of colliding with, 

or attempting to jump any fences. The set-up was designed to guide the subject back towards the yard 

from which it was taken. The positioning of the startle stimulus (2 m from and slightly behind the 

horse) helped to ensure that the horse moved forward. The distance to be covered was determined to 

be long enough to record a time for fast horses and short enough to ensure that less reactive horses 

would complete the distance before stopping. When exiting the race, the horse passed through two 

light beams set 2 m apart, which activated and deactivated the RS timer (Ruddweigh, Campbellfield, 

Vic, Australia). To avoid accidental breaking of the light beams, the first sensor was set 90 cm from 

the stationary horse. Height of the beams was set at 1 m so that they would be broken by the horse’s 

chest rather than the legs or head. Handlers and equipment were protected by the railing as was the 

horse. As the horse was simply unclipped from its lead, there was little danger of horse and handler 

becoming entangled in a lead rope.  

 

To familiarise the animals with the equipment, each horse was led away from its companions, as 

shown in Fig. 1, and halted, using a halter and lead rope, in the RS race three times on Day 1 before 

being tested. During the familiarisation procedure, there did not appear to be any motivation for any 

horse to return to its companions unprompted. On subsequent test days, the mares performed the RS 

test on the first presentation, and were returned to their companions at the end of the test.  

 

During the test, the horse was held stationary, 90 cm behind the first sensor, for 10 s to ensure it was 

at a complete standstill. The handler then unclipped the lead rope, stepped away from the horse as the 

stimulus was applied by another investigator. Reaction time was recorded and converted to m/s. At 

the end of the test the handler returned the test horse to its companions and the HR monitor was 

removed. The horse was caught again 50 min later and restrained with a halter and lead rope while the 

second blood sample was taken.  



 

2.4 Study 3: Reaction speed response to differing stimuli  

The six geldings used in Study 1 were used in this Study, which was conducted to investigate the 

effects of using differing stimuli in the RS test. A different stimulus was used each day (waving a 

flag, opening an umbrella, banging a metal feeder, waving a jacket, clanging a bell, or waving a 

blanket, in that order)  on 6 consecutive days. Session times were carried out at 09:00 h, 09:10 h, 

12:00 h, 12:10 h, 14:00 h and 14:10 h each day, with horses assigned to a different time on each day, 

again to reduce the probability of a heightened (anticipatory), or blunted (habituation) response. Every 

horse was tested on every day. Heart rate was recorded at 5-s intervals with baseline HR recorded as 

for Study 2, but blood samples were not collected, as no cortisol response was observed in Study 2.  

 

The basic RS test protocol was the same as for Study 2, but the method of presentation to the RS race 

was modified slightly to reduce any anticipation from undergoing the test the previous day(s); the 

horses were led through and halted in the RS race once before and once after the RS test on each day 

before being returned to their companions.  

 

2.5 Study 4: Effects of a mild sedative on reactivity  

Five mature Thoroughbred and three Standardbred geldings (aged 7 to 14 years, BW 522 ± 50.02 kg) 

were used in a crossover study. The day before treatment, the animals were weighed and assigned, at 

random, to receive either the sedation (n = 4) or the placebo (n = 4). The following day, Group A 

received a low dose of acepromazine maleate (ACP) (0.04 mg/kg BW i.v., recommended dose: 0.07 

mg/kg BW to 0.14 mg/kg BW; Delvet, Seven Hills, NSW, Australia), while Group B received the 

placebo, being the equivalent volume of saline (0.9% NaCl, Baxter, Deerfield, IL, USA) i.v. and 

thereby served as controls. After a 2-day washout period to ensure no residual effects of ACP sedation 

(Schneiders et al., 2012), the treatments given to Groups A and B were reversed, and the trial 

repeated.  

 



Commonly used for sedation by veterinarians (Posner and Burns, 2009), ACP is a phenothiazine 

neuroleptic agent that affects the central nervous system resulting in sedation, muscular relaxation, 

and a decrease in spontaneous muscular activity, while maintaining visual and auditory acuity (Gross 

and Booth, 1995). Coordinated motor responses are unaffected by ACP and arousal can easily be 

achieved (Gross, 2001). 

 

Reactivity was measured using a barn trial similar to that described for Study 1, with HR monitors 

fitted to each horse, with the following adjustments: as only six stalls were available, two horses from 

Group A and two horses from Group B were tested at 10:30 h, and the remaining four horses were 

tested at 12:00 h on the testing days. Two stalls on opposite sides of the breezeway were used on each 

occasion. The stimulus used was a blanket waved vigorously for approximately 5 s, by a researcher 

standing in the middle of the breezeway between the four stalls used. HR was measured at 5-s 

intervals. Where ACP was administered it was given 15 min before each test, to ensure sufficient time 

for the drug to take effect (Ballard et al., 1982).  

 

Seven days after completion of the barn test, the same eight horses were allocated at random into two 

groups (control or mild sedation), as described above, in a crossover study, utilising the RS test as 

described for Study 3. The testing was conducted on 2 days, separated by a 2-day washout period for 

the ACP. The RS test commenced at 10:30 h on each day. The horses were tested in a random order at 

10 min intervals, with each animal receiving mild sedation (ACP, 0.04 mg/kg BW i.v.) or the 

equivalent volume of 0.9% saline i.v., 15 min before its test. The stimulus was a plastic bag tied to a 

dressage whip and waved by a researcher.  

 

2.6 Statistical analysis  

In Study 1, HR data were subjected to a log transformation so that the model assumptions of 

normality and homogeneity of variance in the residuals were met.   As the resting HR for all the 

horses showed little variation leading up to the application of the stimulus, the HR measurements used 

to determine the increase in HR due to being startled were those taken at exactly 3 min before the 



stimulus, and every min thereafter for the following 6 min (a total of 7 observations per horse).  The 

mean values at each time-point were analysed by repeated measures analysis using a linear mixed 

model with time as a fixed effect and horse/day/time as random effects, with a first order 

autoregressive (AR1) model through time, to assess changes in HR.  

 

For all studies, general linear mixed models, with Treatment and Day as fixed effects and Horse/Day 

as random effects, were used to determine if stimulus type or repetition had an effect on peak HR and 

RS. Paired t-tests were used to compare the effect of the two treatments (unsedated and sedated) in 

Study 4 on HR and RS for the RS test.  All results were considered significant if P < 0.05 and are 

expressed as means ± SEM unless stated otherwise.  

 

 Linear Regression was used to determine the relationship between HR and RS for pooled data from 

Study 2, 3 and 4 where both HR and RS were measured. A runs test was conducted to determine any 

departures from linearity (Motulsky and Christopoulos, 2004). 

 

Following all statistical analyses, visual examination of residual plots was used to assess whether the 

model assumptions of normality of residuals and homogeneity of variance were met. General linear 

mixed model analyses were conducted using Genstat13.1 (VSN International, 2010), with t-tests, 

linear regression and runs test analysed using GraphPad InStat 3.0 (GraphPad, 2007). 

 

3. Results  

The range of mean baseline values for heart rate in this series of studies was 36 ± 0.5 bpm to 42 ± 2.8 

bpm.  

 

3.1 Study 1: Measurement of peak heart rate to gauge reactivity to a variety of stimuli.  

There were highly significant changes in peak HR, recorded at the time of stimulus, when compared 

with HR data both before and after the stimulus (F6, 179 = 101.72; P = 0.001). As Fig. 2 shows, on 

average, the peak HR increased greatly over the baseline HR just prior to the stimulus with a least 



squares difference (LSD) = 0.02; mean HR rose from 39.5 ± 1.9 bpm just before the stimulus, up to 

82 ± 5.5 bpm taken at the time of stimulus. After the stimulus, HR dropped sharply, although even by 

3 min post-stimulus, it had not quite returned to the pre-stimulus levels.  

 

Peak HR was not affected significantly by the type of stimulus (F 2, 25 = 0.39; P = 0.409), or by 

whether it was the first or second day of application of the stimulus (F 1, 25 = 2.72; P = 0.111). Further, 

there was no interaction between stimulus and day (F 2, 25 = 0.08; P = 0.924).  

 

3.2 Study 2: Reaction speed response to a single stimulus 

 

Over the 6 days, there was no evidence of a change in peak HR (133 ± 4 bpm) over time (F 1, 29 = 

0.09; P = 0.766), as shown in Fig. 3a. However, there was strong evidence that RS increased over 

time (F 1, 29 = 9.34; P = 0.005) from 3.02 ± 0.72 m/s on Day 1 to 4.45 ± 0.53 m/s on Day 6 (Fig. 3b). 

The estimated daily increase in RS was 0.27 m/s (95% confidence interval (0.10, 0.45)).  

 

There was no evidence of a difference in plasma cortisol concentration before and 50 min after the 

stimuli (F 1, 35 = 0.97; P = 0.332). The mean concentration before stimulus was 956 ± 133 nmol/L, and 

after stimulus it was 908 ± 128 nmol/L (LSD = 95.3).  

 

3.3 Study 3: Reaction speed response to differing stimuli  

There was no evidence of any difference in peak HR (97.2 ± 5.8 bpm) or RS (2.9 ± 0.2 m/s on Day 1 

compared with 3.0 ± 0.7 m/s on Day 6) in response to different stimuli presented over 6 days (for 

peak HR, F 5, 25 = 1.42; P = 0.250, and for RS, F 5, 25 = 0.56; P = 0.729) as shown in Fig. 3a for HR and 

Fig. 3b for RS (solid circles). This suggests, therefore, a similar reactivity response to all six stimuli.  

 

3.4 Study 4: Study 4: Effects of a mild sedative on reactivity  

3.4.1 Part A. Barn test  



There was no evidence of a difference in mean resting HR on the 2 test days, 30 min before the horses 

were given a sedative or placebo (Day 1: 38.9 ± 2.3 bpm versus Day 2: 37.2 ± 1.3 bpm; t7 = 0.80, P = 

0.450). After treatment, peak HR in response to a startle stimulus was significantly higher (t7 = 3.93, 

P = 0.006) when the horses given a placebo (HR, 129 ± 18.2 bpm) than when the horses were given 

the sedative (HR, 118 ± 17.4 bpm) (95% confidence interval = 5.629, 22.62).  

 

3.4.2 Part B. Reaction speed test  

There was no evidence of a difference in peak HR between control and sedated animals (n = 8; 

control, 110 ± 14.1 bpm versus sedated, 119 ± 12.0 bpm; P = 0.34) using a paired t-test. However, the 

RS was significantly reduced by mild sedation (P = 0.02; LSD = 0.772) from a mean of 4.12 ± 0.39 

m/s to 3.13 ± 0.29 m/s.  

 

3.5. Relationship between reaction speed and heart rate 

After pooling the RS and HR data from all RS testing, linear regression revealed a linear relationship 

between RS and HR, as shown in Fig. 4, expressed by the equation: y = 14.9x + 65.4, with the slope 

significantly different from zero (P > 0.0001). The correlation co-efficient showed a strong positive 

relationship between HR and RS (r = 0.57) and the runs test showed no significant departure from 

linearity (P = 0.97). 

 

4. Discussion  

This series of studies investigated several variables to gauge reactive behaviour in horses. Peak HR 

alone (Study 1) was shown to be a reproducible measure of reactivity when horses were confined to a 

stall, with a significant increase in HR in response to the horses being startled.  The reaction of the 

horses was not affected by the type of stimulus used, indicating that either the intensity of each 

stimulus was constant from day to day, (despite a variety of stimuli being used) or that the horses 

perceived each episode in a similar way, inducing a similar intensity of reaction.  

 



When confined to a stall, peak HR (Study 4 (Part A)) was reduced by mild sedation, indicating that 

horses were less reactive. These findings support the proposal by McCall et al. (2006) that, in some 

situations, HR measurements can be used independent of behavioural observations as an indicator of 

reactivity, e.g when horses have no opportunity to flee.  

 

It could be argued that, as the stimuli were applied to the group, the experimental unit was the group, 

rather than individual horses.  It is possible that the startle response of one individual may influence 

the others as horses are herd animals that rely on cues from herd mates to escape danger (Goodwin, 

1999). However, as there was only limited, intermittent visual contact between the horses, visual cues 

perceived by any horse were also limited.  Each stimulus was applied to the group, rather than 

individually, to ensure all horses were exposed to the same intensity of stimulus. The risk of repeating 

the stimuli six times per day on an individual basis was that wide variations in stimulus intensity 

might have occurred.  

 

Of more practical concern is the reactivity of a horse in less restricted environments. In Study 2, 

where horses were given the opportunity to react unfettered to the stimulus, again HR was shown to 

increase from baseline values when the horses were startled, but peak HR did not change over time. 

Compared to Study 1, peak HR was higher in Study 2 (Study 1, 82 ± 5.5 bpm compared to Study 2, 

133 ± 4 bpm). This was likely due to the additional physical activity in Study 2. However, peak HR 

did not reflect the small but significant changes in RS, possibly due to peak HR reflecting both the 

intensity of the stimulus (McCall et al., 2006) and the increase in physical activity (Hall et al., 1976).  

Peak HR did not reflect the differences found in RS between mildly sedated and unsedated horses in 

Study 4, Part B.  There was a clear linear relationship and correlation between RS and HR (Fig. 4), 

although HR can be influenced by factors other than the initial startle and physical activity associated 

with RS. These factors may include aerobic capacity, (Evans and Rose, 1988) and level of fitness 

(Bayly et al., 1983), HR variability during exercise (Thayer et al., 1997) and emotionality (McCann et 

al., 1988). Horses with lower aerobic capacity and/or level of fitness will demonstrate higher HR for 

the same speed compared to horses of greater athletic ability.  Thus, this series of studies 



demonstrated that peak HR alone did not detect changes in reactivity in the ambulatory test that was 

applied. 

 

Plasma cortisol concentrations are often used as a measure of stress or fear in animals including 

horses (Minero et al., 2006; Redondo et al., 2009), dogs (Beerda et al., 1998), bulls (Burdick et al., 

2010) and sheep (Hall et al., 1998). However, in Study 2, plasma cortisol concentrations varied 

considerably even in the resting state and there was no response to being startled. This agrees with the 

findings of Minero et al. (2006) and Redondo et al., (2009) who also found no change or a decrease in 

plasma cortisol in response to a startle reaction in horses. Therefore cortisol was disregarded as a valid 

measure of reactivity. 

 

Study 2 showed no significant difference in RS between horses.  However, horses did get faster over 

time (P = 0.005). The RS increased by 1.43m/s over the 6 days of testing, an estimated daily increase 

of 0.27 m/s. The increase in RS was a little surprising, as repeated exposure to a situation is often used 

as a training aid in horses to overcome anxiety, known as habituation or desensitisation (Christensen 

et al., 2006; Duberstein and Gilkeson, 2010; Rivera et al., 2002).  However, training may also involve 

sensitisation (making a horse more sensitive to stimuli) (Duberstein and Gilkeson, 2010).  It appears 

that the horses in the present study anticipated the startling event on subsequent days and were, in 

fact, sensitised to the stimulus, rather than becoming habituated. Behaviours such as increased 

alertness, head tossing and prancing were observed by the researchers as testing progressed. This was 

interpreted as horses either becoming anxious about being startled (Forkman et al., 2007) and/or 

anticipating being freed and allowed to run, with their flight response heightened due to the repeated 

exposure. This heightened flight response was reflected by the increase in RS, demonstrating that the 

RS test did detect sensitisation to the procedure in this group of horses. 

 

Due to the anticipatory effects evident in Study 2, the protocol for conducting the RS test was 

modified for Study 3. Horses were led through and halted in the RS race once before and once after 

the test on each day.  This appeared to quell the behaviours listed above and an increase in RS was not 



seen. In fact, there were consistent peak HR (Fig 3a.) and RS (Fig 3b.) responses given by all horses 

to all types of stimuli used. This demonstrated that the type of stimulus used was not a major factor in 

determining the magnitude of the reaction and no one stimulus was superior in eliciting a startle 

response from the horses. 

 

It could be argued that, as mares were used in Study 2 and geldings in Study 3, sex differences were 

responsible for the different responses to the RS test. However, Seaman et al. (2002) indicated that 

age, rather than sex, was influential in behavioural tests, with younger horses giving more heightened 

responses than older horses. Duberstein and Gilkeson, (2010) showed that young mares (yearlings) 

exhibited more skittish, suspicious and excitable behaviour compared to young geldings based on 

handler surveys.  Whether these sex differences found by Duberstein and Gilkeson (2010) remain 

apparent in older horses is unknown.  

 

To further evaluate the utility of the RS test, it was necessary to determine if RS would be sensitive 

enough to detect altered reactive behaviour. Any strategy aimed at reducing reactivity, whether it be 

through training, dietary modification or the administration of a calmative, centres on a horse reacting 

less violently to being startled.  In this study, animals were given a low dose of ACP, sufficient to 

reduce anxiety, which may be beneficial for use in horses prior to shoeing or transportation and is 

commonly used (McCall et al., 2006; Posner and Burns, 2009; Sillence et al., 2012). However, the 

variability of physiological and behavioural responses to ACP has only been lightly studied (Ballard 

et al., 1982; Hashem and Keller, 1993; Marroum et al., 1994; McCall et al., 2006). Previous work has 

shown that administration of 0.09 mg/kg i.v., more than twice the dose used in this study does not 

significantly decrease baseline HR (Gross and Booth, 1995). Therefore it could be argued that any 

reduction in peak HR and/or RS in response to a stimulus was due to a decrease in spontaneous 

muscular activity of the horses (reactivity), rather than a decrease in perceptual abilities or 

pharmacological depression of the HR or motor response which remain unaffected by ACP (Gross, 

2001).  

 



McCall et al. (2006) stated that, as equine behaviour may be influenced by human handlers, an 

accurate reactivity test should be conducted without human handling. So, the reactivity tests used by 

McCall et al. (2006) evaluated the behaviour of horses at liberty, when approaching a novel stimulus. 

However, it is the action of a horse fleeing a frightening stimulus that results in injury to both horse 

and human (Cripps, 2000; McLean and McLean, 2002). The RS test is a better reflection of horse and 

handler interaction, as opposed to a horse at liberty approaching a novel object. Horses are required to 

leave paddock mates, obey handler commands, enter and stand still in a man-made structure, and then 

be challenged with startling stimuli. In the interests of safety, horses need to carry out these activities 

calmly. This study suggests that, as the RS test can objectively detect behaviour changes in mildly 

sedated horses, it would be a valid test to evaluate the effect of different calmative agents, or perhaps 

management practices aimed at calming horses. However, it should be noted that some horses may be 

highly motivated to return to their companions under their own volition or in response to being 

startled. In such cases it would be necessary to manage the location of the companions, such as 

removing them from visual or auditory range, to avoid accidents by a horse running uncontrollably 

back to its group-mates, or becoming stressed due to separation anxiety. The horses used in this series 

of studies were well handled and in familiar surroundings, so further testing of the RS test is 

warranted with less well-managed horses and in unfamiliar surroundings.  

 

As previously described, flight speed tests rely on release from confinement to measure reactivity in 

cattle (Burrow et al., 1988, Petherick et al., 2009a). Confinement has also been used in lambs 

(Starbuck et al., 2006) and untrained yearling horses (McCann et al., 1988) to evaluate reactivity with 

some success. Riding horses are handled far more frequently than cattle, lambs, and yearling horses; 

moreover, riding horses are trained to await handler commands, particularly in confined spaces such 

as a crush (or transport vehicle), for safety reasons. Therefore, an additional stimulus was required to 

startle the horses to encourage them to exit the RS race. The measurement of RS in these studies 

showed it to be a consistent and sensitive measurement of reactivity in these horses. The RS gave 

reproducible results regardless of the stimulus used, but was able to detect the sensitisation of horses 

to the test and it could also distinguish between unsedated and mildly sedated horses. 



 

5. Conclusion  

Reactivity to sudden, intermittent stimuli is a major contributor to horse-related injuries and RS has 

been shown to be valid in measuring reactivity in horses. Therefore, RS may be useful in determining 

the effects of training to improve manageability through decreased reactivity, or to evaluate the effects 

of a particular diet or calmative preparation on a horse’s reactivity. The RS test may be useful in 

evaluating temperament by identifying more reactive horses, but further studies are necessary to 

determine the relationship between temperament and reactive behaviour. 
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Fig. 1. Design and dimensions of an arrangement to measure reaction speed in horses. The horse was 

held on a lead rope at the head of the race until the animal was stationary. The lead rope was 

unclipped and the horse was startled by applying the chosen stimulus positioned towards the rear of 

the animal. Two infra-red motion detectors set 2 m apart measured the speed at which the horse exited 

the race.  

 

Fig. 2. Mean heart rate of six geldings before, during and after the application of startle stimuli. A 

stimulus was applied for less than 1 s at time = 0 min. Heart rate was measured at 60-s intervals.  

 

Fig. 3. Effect of a single startle stimulus (a plastic bag tied to a dressage whip) repeated daily in 6 

mares (○) or a different stimulus (waving a flag, opening an umbrella, banging a metal feeder, waving 

a jacket, clanging a bell, or waving a blanket, in this order) each day in 6 geldings (●) on a) peak heart 

rate and b) reaction speed. Data are presented as mean ± SEM.  

 

Fig. 4. Relationship and correlation between reaction speed and heart rate of pooled data from all 

reaction speed tests (n = 88).  
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