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A B S T R A C T   

Understanding the development and consistency of behavioural responses across life stages is of both funda-
mental and applied interest. In horses, fearfulness is particularly important because fear reactions are a major 
cause of human-horse accidents, and because fear is a negative emotional state with negative consequences for 
animal welfare and performance. In this study, we investigated the development and consistency of fear reactions 
in horses, from foal to adult. Twenty-five warmblood stallions of the same age, kept under the same conditions 
and with minimal human handling, were tested in novel object tests before weaning from the dam (at 5 months) 
and after weaning, at 1 year (two tests) and again at 3.5 years of age (two tests). Behaviour and heart rate re-
sponses were recorded. We found that foals’ expression of alertness towards novel objects was the best predictor 
of their later behaviour. Some changes in the expression of fear-related behaviour were evident pre and post 
weaning. Consequently, there were stronger correlations between the post-weaning tests, although these were 
further separated in time (2.5 years) than the 5 months and 1-year tests (7–9 months). Further, there were 
positive correlations in the horses’ reactions in the two tests at 1 year and at 3 years (e.g. heart rate: rs = 0.82, P 
< 0.001 and alertness: rs = 0.68, P < 0.001), suggesting that fearfulness is relatively stable across test situations 
at a certain age point. We conclude that it is possible to test for fearfulness at an early age (before weaning), by 
measuring the level of alertness towards novel objects. However, responses in post-weaning tests are more 
consistent. Our findings contribute to an understanding of the expression, development and consistency of 
fearfulness, which is advantageous for early assessment of behavioural differences in horses.   

1. Introduction 

Fearfulness is an important aspect of horse temperament (von Borstel 
et al., 2012; Gorecka-Bruzda et al., 2011, 2015; Lansade et al., 2016), 
which not only influences a horse’s usability for various purposes but 
also welfare and safety. Fearful animals are often more difficult and 
dangerous to handle due to flight attempts and defensive aggression, 
and these reactions are a major cause of human-horse accidents (Haw-
son et al., 2010; DeAraugo et al., 2016; Ball et al., 2007). Over time, 
fear-induced stress responses, including high concentrations of gluco-
corticoids, can impair memory and learning skills via detrimental effects 
on the hippocampal parts of the brain (Lupien et al., 1998; McEwen and 
Sapolsky, 1995). Accordingly, animals that exhibit high levels of fear-
fulness usually display poor learning and memory abilities (e.g. Herrero 
et al., 2006; Tahamtani et al., 2018), as also demonstrated in domestic 
horses (Christensen et al., 2012; Valenchon et al., 2017; Fortin et al., 
2018). Consequently, the development of tests to assess a horse’s 

fearfulness early in life would be useful. For this purpose, it is necessary 
to investigate the stability of the individual’s reactions over time. 
Important questions include how early in life individual differences in 
behaviour emerge and to what extent they remain stable across devel-
opmental stages. Due to the demanding nature of longitudinal studies, 
there is lack of information on this subject in horses and other farm 
animals (Neave et al., 2020). To our knowledge, only two studies have 
investigated long-term (up to 22 months, and post-weaning responses 
only) consistency of fear responses in horses: Lansade et al. (2008) found 
consistency of behavioural fear reactions across age measured from 8 
months to 1.5 and 2.5 years of age. They also reported positive corre-
lations in behavioural reactions across different types of tests (novel 
object, sudden object, novel surface), whereas they found no correlation 
in behaviour and heart rate, measured in a different test. Heart rate 
responses were found to show limited stability over time (Lansade et al., 
2008). In contrast, Visser et al. (2002) found consistency in heart rate 
variables in a novel object test and a handling test conducted at 9, 10, 21 
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and 22 months. The authors also reported short-term (1 month) 
behavioural consistency in the same tests (7–8 of 9 behavioural vari-
ables correlated positively), whereas fewer behavioural parameters 
showed long-term consistency across age (4 of 9 variables; Visser et al., 
2001). Thus, further studies are needed to investigate long-term con-
sistency of fear reactions in horses, including pre-weaning responses. 

Factors affecting fearfulness in horses have been investigated in a 
number of studies, e.g. genetic effects (von Borstel et al., 2010; Haus-
berger et al., 2004; Budzynska et al., 2018), effects of social transmission 
(Christensen et al., 2008a; Rørvang and Christensen, 2018; Henry et al., 
2005, 2007), handling (Marsboll and Christensen, 2015) and weaning 
procedure (Lansade et al., 2018). All of these studies reported individual 
variation in fearfulness but only few tested the same individuals 
repeatedly over extended periods. To our knowledge, no study has 
previously investigated long-term stability in fear responses before 
weaning from the dam to adult responses. Such investigations are best 
done with horses kept under the same conditions so that differences in 
housing, management and training do not bias the responses. This 
experiment aimed to characterize behavioural and physiological fear 
reactions in horses from pre-weaning foal (5 months) to adult (3.5 years) 
and investigate consistency in reactions across age. We predicted that 
fear reactions would correlate between tests within age and to a lesser 
extent across age. 

2. Materials & methods 

The study conformed with national legislation on animal experi-
mentation (Danish Ministry of Justice, Act. no. 253 and §12 in Act. no. 
1459), the ARRIVE guidelines, and the guidelines by the Ethical Com-
mittee of the International Society of Applied Ethology (https://www. 
applied-ethology.org/Ethical_Guidelines.html). 

2.1. Horses 

Twenty-five Danish Warmblood stallions from a private stud were 
included. Until weaning, the foals were kept with their mothers on large 
pastures and remained unhandled except the training for the 5 months 
test. All foals were weaned together when they were 7–9 months old and 
transported approx. 2 km by trucks (10− 15 foals per load) to another 
facility owned by the same stud. Here the foals were kept in a large 
group housing system (stallions and mares together) until approx. 1.5 
years of age after which the stallions were separated and transported to 
another stable, where they were also group housed (5 stallions per 
group). The horses were kept on straw bedding and fed a complete 
roughage mixture, and they were only handled for occasional farrier and 
veterinary treatment. The stallions were part of a larger study investi-
gating maternal effects on offspring behavioural phenotypes but only 
the stallions were re-tested for fearfulness at 3.5 years of age. 

2.2. Test protocol 

The stallions were exposed to novel object tests at 5 months (± 0.5 
week), 1 year (12− 14 months) and 3 years (3.3–3.5 years). One person 
was responsible for testing at all ages but had different student helpers at 
each age. The novel objects differed in colour and shape as horses do not 
generalise between objects that differ in these parameters (Christensen 
et al., 2008b). For the foal test at 5 months, a preparation area and test 
arena was fenced off within the horses’ pasture. The test arena (5 × 10 
m) was visually separated from the preparation area (5 × 5 m) and the 
rest of the pasture. When the foals were 4.5 months of age, the foals and 
dams were habituated to the test procedure, which consisted of the dam 
being caught and led to the preparation area with her foal. The foal was 
gently approached using scratching in the tail region, which was a 
highly preferred spot for all foals. Using densensitisation and combined 
reinforcement (scratching as the positive reinforcer as the foals were not 
so interested in food), the foals were habituated to wetting of the coat 

and to wearing a girth with heart rate equipment. Following the pro-
cedure developed in Christensen (2016) for testing of fear reactions in 
un-weaned foals, the dam was led around the test arena and entered 
from the opposite side, where she was fed concentrates mixed with 
carrots, while the foal was scratched vigorously in the preparation area. 
When the dam was in place, the scratching was terminated and the foal 
pushed gently into the testing arena. The foal was considered ready for 
testing when this procedure could be followed without resistance. For 
the test, white plastic (3 × 1.4 m) was placed on the ground with four 
coloured plastic boxes (0.4 × 0.6 m), one in each corner (Novel Object 
Test 1 (NOT1); Fig. 1a). There was a 1 m gap on each side between the 
objects and the arena wall, i.e. the foal could pass around the objects and 
approach the mare without touching the objects. The test started when 
the foal placed the first leg in the arena and lasted 120 s. 

Similarly, at 1 year of age the horses were initially habituated to the 
test equipment and the test arena, which was placed adjacent to the 
horses’ stable. A horse was considered ready for testing when it calmly 
entered the test arena when released in the doorway, walked directly to 
the feed containers (offering a free choice of concentrates and carrots or 
hay silage and carrots) and ate for 120 s. On the test day, the horse was 
first exposed to the new test (NOT2; Fig. 1b). The test started when the 
horse entered the test arena and lasted 120 s. The objects were subse-
quently removed and the horse entered the arena without objects. 
Finally, the horse was exposed to the same test as at 5 months (NOT1). 
The same test order was used for all horses as we were interested in 
correlations between tests, rather than comparing the intensity of the 
tests. 

At 3 years of age, the adult stallions were stabled at a different fa-
cility where we had access to an indoor arena. We used exactly the same 
procedure and habituation criterion as above. On the test day, the horse 
was first exposed to the new test (NOT3; Fig. 1c) and subsequently to 
NOT1. 

2.3. Recordings 

All tests were recorded on video for later recording of behaviour by 
trained student observers who were blind to the study aim (Table 1). 
Heart rate was measured using Polar Equine RS800cxa (RR recordings; 
Polar Electro OY, Kempele, Finland), consisting of two sensors, a W.I.N. 
D. transmitter and a wristwatch receiver. Before fitting the electrodes, 
water and gel were used to optimise contact between electrode and skin. 
Data were downloaded using the software Polar ProTrainer, Equine 
Edition 5™. Artefacts in the data were corrected using the error 
correction function in this program. The average (HR avg) and 
maximum (HR max) heart rate from each 120 s test was extracted. Heart 
rate variability was not used due to the short test duration (2 min), 
which is unsuitable for these parameters. 

2.4. Data analysis 

Initially, associations between the seven recorded variables (latency, 
alertness, investigation, sniffing, touching the objects, HR avg and HR 
max) were investigated within each test (Spearman Correlation Anal-
ysis; SigmaPlot14, Systat Software, San Jose, California). Next, corre-
lations in responses between tests within age and across ages were 
investigated. Differences in behaviour and HR between ages were 
investigated using One Way Repeated Measures (RM) ANOVA, or RM 
ANOVA on ranks if the data were not normally distributed (Shapiro- 
Wilk test). 

We lost data from one horse for NOT3 (3-year) as the test was 
disturbed by outside events. A few HR files were lost due to technical 
issues or disturbance (NOT1 5 months: HR max for one foal; NOT1 at 1 
year: one horse, NOT2: two horses; NOT3: one horse). Thus, the number 
of included horses was 24–25 in all analyses of behavioural data and 
22–25 for analyses of HR. 
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3. Results 

3.1. Novel object test at 5 months (NOT1) 

The latency to reach the mare on the other side of the objects 
correlated positively to the duration of investigative behaviour (rs =

0.81, P < 0.001), sniffing (rs = 0.77, P < 0.001) and touching the objects 
(rs = 0.63, P < 0.001); and negatively to the two heart rate variables (HR 
avg: rs = − 0.42, P = 0.035 and HR max: rs = − 0.40, P = 0.054). The 
duration of alertness correlated positively to HR max (rs = 0.63, P =
0.001, and a tendency for HR avg: rs = 0.35, P = 0.083). Thus, more 
exploratory foals spent more time on investigation, sniffing and 
touching the objects and therefore had a longer latency to approach the 
mare, whereas more nervous foals with an increased heart rate were 
quicker to approach the mare and spent less time on exploratory 
behaviour (Table 2). 

3.2. Novel object tests at 1 year (NOT2 and NOT1) 

In NOT2, alertness was again positively correlated to heart rate (HR 
avg: rs = 0.42, P = 0.047 and HR max: rs = 0.47, P = 0.024). In contrast 
to the foal test, alertness correlated positively to the latency to eat (rs =

0.46, P = 0.022), which likely reflects that the mare’s presence in the 
foal test caused nervous foals to quickly pass around the objects to 
approach her (i.e. short latency) whereas food did not motivate nervous 
horses to the same extent in the 1-year test. The latency to eat also 
correlated significantly to the duration of investigative behaviour (rs =

0.85, P < 0.001). Sniffing and touching the objects tended to be posi-
tively correlated (rs = 0.35, P = 0.082). 

Similarly, in the repetition of NOT1, alertness correlated positively to 
heart rate (HR avg: rs = 0.52, P = 0.009 and HR max: rs = 0.40, P =

Fig. 1. Overview of the Novel Object Tests (NOT) conducted at the different ages. The set-up was the same at all ages, except in the foal test where the mare was 
placed by the feed containers, and the 3-year tests being conducted indoor. (a) Objects used in NOT1, (b) objects used in NOT2, (c) horse sniffing the object in NOT3, 
and (d) horse touching the objects in NOT1 at 3 years. 

Table 1 
Ethogram of recorded behaviour.  

Behaviour Description 

Alertness The horse stands or moves vigilant, i.e. with elevated head and 
neck, while focussing on the objects. 

Investigation The horse stands or moves with lowered head and neck (below 
horizontal) while focussing on the objects. The muzzle is more than 
10 cm away from the objects. 

Sniffing The horse sniffs the objects (muzzle within 10 cm of object) 
Touching The horse makes physical contact with the object (muzzle, teeth or 

hoof). Includes manipulation of and moving the objects. 
Latency Time from the horse enters the test arena with the first leg and until 

it starts feeding from the container placed in the opposite end of the 
test arena (1 and 3 year tests), or is within 1 m of the mare (foal 
test). Foals were not as food motivated and the mare was used to 
motivate the foal to pass by the objects. Horses that did not pass by 
the objects were assigned a value of 120 s.  

Table 2 
Overview of associations between variables within tests. Variables within a cell 
correlated positively.   

Fearful horses 
Characterised by high values of: 

Exploratory horses 
Characterised by high values of: 

5 months Heart rate Investigation 

(NOT1) 
Alertness Sniffing  

Touching  
Latency  

1 year Heart rate Sniffing 

(NOT2 and 1) 
Alertness Touching 
Investigation  
Latency   

3 year Heart rate Sniffing 

(NOT3 and 1) 
Alertness Touching 
Investigation  
Latency   

J.W. Christensen et al.                                                                                                                                                                                                                         
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0.055). The latency to eat correlated to the duration of investigative 
behaviour (rs = 0.72, P < 0.001), and sniffing and touching the objects 
correlated (rs = 0.69, P < 0.001). 

Thus, in contrast to the foal test, where the mare was present in the 
opposite end of the test arena and fearful foals quickly passed the objects 
to get close to the mare, the 1-year tests only had food to motivate the 
horses to pass around the objects. Accordingly, more fearful horses had 
increased latencies, increased heart rates and showed more alertness, 
whereas more exploratory horses showed more object sniffing and 
touching (Table 2). Fearful horses frequently alternated between alert-
ness (elevated head and neck) and investigative behaviour (lowered 
head and neck), suggesting that these behaviours may reflect the same 
underlying motivation in post-weaning horses (Fig. 2). 

3.3. Novel object tests at 3 years (NOT3 and NOT1) 

The same variables correlated in the 3-year tests, as in the 1-year 
tests (Table 2): In NOT3, alertness correlated positively to heart rate 
(HR avg: rs = 0.63, P < 0.001 and HR max: rs = 0.56, P = 0.005), to the 
latency to eat (rs = 0.87, P < 0.001) and to investigative behaviour (rs =

0.72, P < 0.001). Sniffing and touching tended towards a positive cor-
relation (rs = 0.34, P = 0.094). 

In the repetition of NOT1, alertness again correlated positively to 
heart rate (HR avg: rs = 0.48, P = 0.018 and HR max: rs = 0.63, P <
0.001), to the latency to eat (rs = 0.43, P = 0.035) and to investigative 
behaviour (rs = 0.44, P = 0.030). Sniffing and touching the objects 
correlated positively (rs = 0.70, P < 0.001). 

3.4. Association in reactions between tests within age 

At 1 year of age, reactions in NOT2 and NOT1 were strongly asso-
ciated, i.e. horses with a high HR in NOT2 also had a high HR in NOT1 
(HR avg: rs = 0.85, P < 0.001 and HR max: rs = 0.78, P < 0.001). The 
duration of alertness (rs = 0.66, P < 0.001), investigation (rs = 0.47, P =
0.019) and the latency to eat (rs = 0.61, P = 0.001) also correlated be-
tween the two tests at 1 year. Sniffing and touching the objects had weak 
positive correlation coefficients (rs = 0.34 and 0.17) and were insignif-
icant (P > 0.05). 

Similarly at 3 years, reactions in NOT3 and NOT1 correlated posi-
tively: HR (HR avg: rs = 0.82, P < 0.001 and HR max: rs = 0.68, P <
0.001), alertness (rs = 0.68, P < 0.001), investigation (rs = 0.57, P =
0.004) and a tendency for the latency to eat (rs = 0.38, P = 0.067), 
whereas sniffing and touching the objects were insignificant (rs = 0.25 
and 0.21). 

Thus, the majority of the horses’ reactions in the two tests at 1 year 
and at 3 years correlated positively, suggesting that reactions are rela-
tively stable across similar test situations at a certain age point. 

3.5. Association in reactions across age 

Generally, the foals’ HR in NOT1 did not predict their HR response in 
NOT1, NOT2 and NOT3 at later ages. All correlations were positive but 
insignificant. However, there were some positive correlations in HR 
between the novel object tests at 1 and 3 years, e.g. HR max in NOT2 and 
NOT3 (rs = 0.58, P = 0.005) and a tendency for HR avg (rs = 0.39, P =
0.072). The foals’ behavioural reaction in terms of alertness was a better 
predictor of later behaviour (Table 3). Unsurprisingly, foals’ investiga-
tive behaviour did not correlate to their later expression of this behav-
iour, because it was more related to alertness at 1 and 3 years. 
Accordingly, investigative behaviour correlated between 1 and 3 years 
(NOT1 1-year and 3-year: rs = 0.54, P = 0.007). Similarly, there were 
weak, positive correlations in sniffing (NOT1 at 1 and 3 years: rs = 0.40, 
P = 0.053) and touching (NOT1 at 1 and 3 years: rs = 0.42, P = 0.044). 
Sniffing and touching objects by foals did not reliably predict their later 
expression of these behaviours; although all correlation coefficients 
were positive, only one was significant (sniffing in NOT1 foal and NOT3: 
rs = 0.44, P = 0.028). 

Thus, the duration of alertness showed the strongest correlation 
between ages and appeared to be the best predictor of later behaviour. 
There were stronger correlations between the post-weaning tests, 
although these were further separated in time (>2 years) than the 5 
months and 1-year tests (7–9 months). 

3.6. Comparison of responses at different ages 

An overview of the horses’ responses in the tests at the different ages 
is given in Table 4 and 5. Heart rate responses were significantly lower at 
3 years, reflecting general maturation. Behavioural reactions did not 
differ significantly. 

Fig. 2. Young horses frequently alternated between alertness (a) and investigation (b) and the duration of these behaviours correlated positively. In the foal test, 
these behaviours did not correlate as foals showing alertness quickly ran to their mother and typically did not show investigative behaviour towards the objects. 

Table 3 
Spearman correlations (r) for the duration of alertness in the five tests.   

NOT2 
(n = 25) 

NOT1 (1- 
year) 
(n = 25) 

NOT3 
(n = 25) 

NOT1 (3- 
year) 
(n = 24) 

NOT1 (5 
months) 

r = 0.54, 
P = 0.005 

r = 0.45, 
P = 0.02 

r = 0.19, 
P = 0.4 

r = 0.44, 
P = 0.03 

NOT2  r = 0.66, 
P < 0.001 

r = 0.63, 
P < 0.001 

r = 0.56, 
P = 0.005 

NOT1 (1- 
year)   

r = 0.64, 
P < 0.001 

r = 0.51, 
P = 0.01 

NOT3    r = 0.68, 
P < 0.001  
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4. Discussion 

Our results suggest that it is possible to test for fearfulness at an early 
age (before weaning), by measuring the level of alertness towards novel 
objects. These results add to the previous findings from Lansade et al. 
(2008) where behavioural reactions in post-weaning horses correlated 
from 8 months to 2.5 years of age. Interestingly though, it was the fre-
quency of touching the novel objects that showed the best correlation in 
Lansade et al. (2008), whereas the duration of touching showed weaker 
correlations in our study. The behaviour correlated between 1 and 3 
years of age, whereas touching by foals did not predict the tendency to 
touch novel objects later in life. This was likely because a low number of 
foals actually touched the objects (7 of 25) in the 5 months test. In 
another study, on a larger number of horses (n = 45), we found a positive 
correlation in horses’ tendency to touch objects at 5 months and 1 year 
of age – which was positively associated to learning performance in two 
different types of learning tasks - but adult tests were not included in that 
study (Christensen et al., 2020). Lansade et al. (2007) investigated the 
development of fear responses in pre-weaning foals from 3 to 24 weeks 
of age and reported that young foals expressed very few behaviours 
towards novel stimuli, including approach reactions towards a novel 
object. Such reactions appeared progressively with age from birth to 6 
months of age. Thus, behavioural reactions - especially exploratory 
behaviour - may not have reached stability at 5 months of age, and 
stability in these responses may be more likely after 6–8 months of age 
(Lansade et al., 2008), which typically also coincides with weaning 
under domestic conditions. In a study on dairy cattle - to our knowledge 
the only other study on consistency of behavioural responses across 
developmental life stages in a mammalian farm animal species - 
behavioural responses to novelty were highly consistent within the early 
(at approx. 1 and 3 months) and late (after puberty to first lactation) 
rearing periods, but were not consistent across these rearing periods 
(Neave at al., 2020). Likewise in dogs, a meta-analysis suggested that 
behavioural traits were moderately consistent between tests in younger 
dogs (<1 year, mean r = 0.31) and in adult dogs (>1 year, mean r =
0.51; Fratkin et al., 2013), whereas longitudinal studies concluded that 
there was little correspondence between individuals’ reactions in 
neonate, puppy and adult tests (e.g., Riemer et al., 2014; Robinson et al., 
2016). Thus, behavioural traits may become unstable across stages of 
ontogeny from infancy to adulthood, especially during major periods of 
development or environmental change. 

In the 5 months test, exploratory foals had an increased latency to 
approach the mare, and showed more object investigation, sniffing and 
touching, whereas more nervous foals had increased heart rates, showed 
more alertness and were quicker to approach the mare. In the subse-
quent 1-year and 3-year tests, exploratory horses showed more object 
sniffing and touching, whereas nervous horses had increased heart rates 
and latencies to approach the food and they showed more alertness and 
investigative behaviour. 1-year and 3-year old horses alternated be-
tween alertness (elevated head and neck) and investigation (lowered 
head and neck), which may form part of the same motivation in juvenile 
and adult horses. We further found that HR correlated well to behav-
ioural reactions within each test. Although foal HR did not predict HR in 
the post-weaning tests, we found correlations in HR between the tests at 
1 and 3 years, corresponding to Visser et al. (2002). In the study by 
Lansade et al. (2008) heart rate responses did not correlate across age, 
which the authors’ pointed out was likely caused by their set-up, where 
the relatively unhandled horses were not habituated to the HR equip-
ment prior to the test and some of the horses showed strong defensive 
reactions. This likely influenced their heart rate, especially because the 
horses were restrained by a human handler during the test (Lansade 
et al., 2008). 

When horses are repeatedly exposed to the same objects, one would 
expect a reduction in response due to habituation. We found a signifi-
cant reduction in HR responses when the horses were 3 years old, but 
this may also be caused by a general maturation effect as foals have 

Table 4 
Reactions in the repeated object test (NOT1) at 5 months, 1 year and 3 years.  

NOT1 
Mean ± se (range) 

5 months 1 year 3 years 

HR avg (bpm) 70.6 ± 1.6a 

(54− 84) 
77.5 ± 3.7a 

(63− 150) 
48.9 ± 2.1b* 
(37− 85) 

Number of usable 
files 

N = 25 N = 24 N = 24 

HR max (bpm) 97.5 ± 4.3a 

(69− 162) 
102.3 ± 5.4a 

(77− 199) 
67.6 ± 3.8b 

(47− 126) 
Number of usable 

files 
N = 24 N = 24 N = 24 

Latency (sec) 45.8 ± 9.2 
(5− 120) 

69.2 ± 9.8 
(5− 120) 

52.6 ± 8.4 
(13− 120) 

Number un-censored N = 20 N = 15 N = 20 

Alertness (sec) 2.8 ± 1.0 
(0− 21) 

4.2 ± 1.9 (0− 49) 5.0 ± 2.1 (0− 33) 

Number showing 
behaviour 

N = 13 N = 16 N = 11 

Investigation (sec) 12.0 ± 2.5 
(0− 45) 

20.5 ± 3.6 
(0− 67) 

16.9 ± 3.6 
(0− 63) 

Number showing 
behaviour 

N = 22 N = 24 N = 23 

Sniffing (sec) 7.6 ± 2.3 
(0− 38) 

5.8 ± 1.7 (0− 33) 2.9 ± 0.7 (0− 15) 

Number showing 
behaviour 

N = 12 N = 18 N = 16 

Touching (sec) 3.2 ± 1.3 
(0− 20) 

1.3 ± 0.5 (0− 8) 2.5 ± 1.0 (0− 22) 

Number showing 
behaviour 

N = 7 N = 8 N = 10  

* Different letters within the same row denote a significant difference (P <
0.05). 

Table 5 
Reactions towards novel objects (Novel Object Tests 1-3).  

NOT1¡3 
Mean ± se (range) 

NOT1 (5 
months) 

NOT2 (1 year) NOT3 (3 years) 

HR avg (bpm) 70.6 ± 1.6a 

(54− 84) 
75.8 ± 2.0a 

(61− 98) 
52.4 ± 3.2b* 
(35− 97) 

Number of usable 
files 

N = 25 N = 23 N = 24 

HR max (bpm) 97.5 ± 4.3a 

(69− 162) 
99.3 ± 2.7a 

(77− 130) 
76.4 ± 5.4b 

(49− 166) 
Number of usable 

files 
N = 24 N = 23 N = 24 

Latency (sec) 45.8 ± 9.2 
(5− 120) 

52.3 ± 8.0 
(4− 120) 

37.8 ± 6.3 
(8− 120) 

Number un-censored N = 20 N = 20 N = 23 

Alertness (sec) 2.8 ± 1.0 (0− 21) 6.4 ± 1.7 (0− 34) 11.1 ± 3.2 
(0− 59) 

Number showing 
behaviour 

N = 13 N = 19 N = 16 

Investigation (sec) 12.0 ± 2.5 
(0− 45) 

12.4 ± 2.3 
(0− 51) 

12.8 ± 2.8 
(0− 49) 

Number showing 
behaviour 

N = 22 N = 24 N = 21 

Sniffing (sec) 7.6 ± 2.3 (0− 38) 7.9 ± 1.5 (0− 30) 4.4 ± 0.7 (0− 12) 
Number showing 

behaviour 
N = 12 N = 23 N = 20 

Touching (sec) 3.2 ± 1.3 (0− 20) 1.7 ± 0.7 (0− 17) ±0.3 (0− 5) 
Number showing 

behaviour 
N = 7 N = 10 N = 12  

* Different letters within the same row denote a significant difference (P <
0.05). 
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higher resting HRs than adult horses. Thus, we did not find convincing 
evidence of habituation to the objects with repetition of NOT1, which 
may relate to the long inter-test interval. In the other tests, we changed 
object colour and shape as this was previously shown to prevent object 
generalisation and thus habituation (Christensen et al., 2008b). 

We were indeed fortunate to be able to re-test the 25 warmblood 
stallions that had been involved in a previous study, at 3.3–3.5 years of 
age, and that the conditions at the stud meant that the stallions had 
experienced the same environment, feeding and management, i.e. very 
limited human handling. In addition to the novel objects at each age, we 
also exposed the horses to the same objects throughout (NOT1). By 
doing so, we provided the most likely set-up for horses to show consis-
tency in responses. Since this is to our knowledge the first long-term 
study exploring consistency in responses from pre-weaning foals to 
adult horses, this is an obvious starting point and the correlations in 
responses can prompt further studies where the horses are exposed to 
more variable tests. Although previous studies did not find sex differ-
ences in fear responses in young horses (e.g. Christensen et al., 2020), it 
would be advantageous to conduct further long-term studies with both 
sexes. 

We conclude that it is possible to assess horse fearfulness at an early 
age (before weaning), by measuring the level of alertness towards novel 
objects. However, post-weaning tests are likely more reliable as re-
sponses are more consistent. These findings contribute to an under-
standing of the expression, development and consistency of individual 
differences in fearfulness. Objective assessment of fearfulness and 
exploratory behaviour in horses is particularly valuable as these 
behavioural traits can give an indication of future performance and can 
guide the selection of young horses for specific purposes. Early assess-
ment can further help target appropriate management and training 
methods and thereby increase safety and horse welfare. 
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