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Abstract  15 
Hair cortisol is a promising biomarker to measure long-term stress since cortisol is 16 
incorporated into the hair shaft as it grows. However, few studies have previously assessed 17 
hair cortisol concentrations (HCC) in horses. In this study, HCC was evaluated in both mane 18 
hair from the neck and body hair from the withers in 153 horses of different breeds, from 19 
seven different stables with three different management regimes (Free-roaming horses, 20 
Riding school horses, Trotter horses). In addition, 4 hours of behavioural observations were 21 
performed at each stable, and for 43 of the horses, a personality survey was completed. 22 
Mane and withers HCC correlated moderately, but significantly (rs=0.48, p<0.001). 23 
Differences between the stables were found for both mane and withers hair (both p<0.01) 24 
and the stable with lowest HCC also showed highest occurrences of positive social and 25 
resting behaviours (both p<0.01). There were no significant differences in HCC between the 26 
management regimes even though Free-roaming horses showed less negative social 27 
behaviours compared to Riding school horses (p=0.041) and Trotter horses (p=0.055). The 28 
personality traits Dominance, Anxiousness, and Excitability revealed weak to moderate 29 
correlations with mane HCC (rs=-0.34, p=0.027; rs=-0.46, p=0.002; rs=-0.31, p=0.043 30 
respectively) which might suggest that personality could also be related to long-term stress 31 
levels in horses.  32 
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Introduction  38 
The use of horses has varied since the time of domestication, from being bred for food to 39 
being used as a mean of transport, and finally, for sports and leisure purposes (Clutton-Brock 40 
1981; Thorell & Hedenborg 2015). Despite being one of the most popular farm animals, little 41 
is known about how different management regimes affect the health and welfare of horses. 42 
Welfare in horses is closely connected to management and housing practices since it refers 43 
to the individual’s state and coping responses in relation to its environment (Broom 1991). If 44 
an animal is confronted with an inadequate environment it will be likely to experience 45 
stress, which can be reflected in its behaviour (Cooper & Mason 1998; Visser et al. 2012). 46 
The behaviour of horses is being thoroughly studied to better fulfil their needs (Costa et al. 47 
2014; Viksten et al. 2017). However, welfare includes both physical and mental aspects, thus 48 
its assessment needs to consider both physiological and behavioural parameters (Blokhuis et 49 
al. 2010).  50 
 51 
Stress strongly affects animal welfare (Keeling & Jensen 2009) and can be defined as an 52 
unpredictable, uncontrollable environmental challenge that can result in adverse 53 
consequences for an animal, eventually reducing fitness (Broom 1991; Koolhaas et al. 2011). 54 
The immediate physiological response to stress is increased activity in the sympathetic 55 
nervous system, causing increased heart rate (Gácsi et al. 2013), as well as an increased 56 
activity of the hypothalamic-pituitary-adrenal axis (Koolhaas et al. 2011) (HPA). Increased 57 
heart rate and elevated cortisol concentrations in blood and saliva are therefore strongly 58 
associated with acute stress (Koolhaas et al. 2011) and it is possible to measure and monitor 59 
them even if susceptible to sampling stress. Although short-term stress can redirect energy 60 
to respond to a potential dangerous situation and hence does not necessarily imply 61 
compromised welfare, if prolonged, stress can negatively affect an animal’s health (Chrousos 62 
2000). One promising method to assess long-term stress in animals is to measure 63 
concentrations of cortisol incorporated in hair (Davenport et al. 2006; Russell et al. 2012; 64 
Roth et al. 2016). As the hair grows, cortisol from the blood is gradually incorporated, in 65 
effect forming a retrospective calendar of cortisol concentrations (Russell et al. 2012). 66 
 67 
Although hair cortisol concentrations (HCC) have been assessed in several species 68 
(Davenport et al. 2006; Russell et al. 2012; Roth et al. 2016), only few recent studies have 69 
analysed HCC in horses. HCC in foals are shown to decrease after birth (Comin et al. 2012) 70 
and environmental factors such as temperature, rainfall and day length is suggested to have 71 
no influence on HCC (Montillo et al. 2014). A recent study carried out cortisol measures on 72 
both mane and tail hair in adult horses to assess long-term stress in these animals (Duran et 73 
al. 2017). Their results suggested that horse HCC can vary in response to exposure to a 74 
specific stressor. Hence, hair seems to be a promising matrix to measure long-term cortisol 75 
variation in horses. 76 
 77 
The objectives of this project were to 1) determine if mane hair and body hair differed for 78 
measuring HCC in horses, 2) investigate whether different stables or management regimes 79 
have different impact on the stress status of the horses, using both HCC and behavioural 80 
analyses, and lastly, 3) HCC were correlated to personality traits in order to reveal whether 81 
different traits, that per definition should be consistent over time, could be related to HCC.  82 
 83 
Method 84 



Subjects  85 
A total of 153 horses and ponies from seven different stables (A-G) in the southeast of 86 
Sweden (within 50 km) were recruited, through personal contact, to participate in this study 87 
(Table 1). The age of the horses ranged from 3 to 28 years, but the age of two horses from 88 
stable E was unknown. Stable A and Stable B consisted of only Icelandic horses; Stable C 89 
contained both Icelandic horses and Shetland ponies; Stables D and E were both riding 90 
schools with horses and ponies of various breeds; Stable F and G contained Standardbred 91 
trotter horses. To simplify in the following text and figures, the stables will hereafter be 92 
referred to as Icelandic A, Icelandic B, Icelandic C, Riding school D, Riding school E, Trotter F 93 
and Trotter G.  94 
 95 
All horses included in the study were privately owned, their owners were informed about 96 
the study and gave their voluntary consent to participate. This study complies with the 97 
Swedish and European regulation for the use of animal subjects for research purposes. Since 98 
we only performed behavioural observations and obtained hair samples non-invasively from 99 
privately owned horses, ethical permission was not needed.  100 
 101 
Horse and management information 102 
The management style was determined during visits at the stables and from personal 103 
communication with owners and staff. Icelandic A kept their horses outdoors during the day 104 
and indoors at night in large group boxes, Icelandic B and C kept their horses and Shetland 105 
ponies in large groups outdoors both day and night, Riding school D and E kept their horses 106 
and ponies in large groups outdoors during the day and in individual boxes at night which 107 
also was the case for the Trotter stables F and G even though some trotters were divided 108 
into smaller groups. Due to the different management regimes we grouped Icelandic B and C 109 
into a Free-roaming group, Riding school D and E into a Riding school group and Trotter 110 
racing F and G into a Trotter racing group (Table 1). Hence, Icelandic A with a dissimilar 111 
housing than all other stables was not included when we tested differences for management 112 
regimes. 113 
 114 
The staff of each stable was asked to answer questions about: age, sex, breed and estimated 115 
hierarchy rank of each horse (rank score was between 1-7 where 1 meant low rank and 7 116 
meant high rank), but also how many hours the horses were outdoors on a regular day, how 117 
many hours they were exercised and if any horse was competing in any equestrian sport. All 118 
collected information about the horses participating in this study can be found in 119 
Supplement 1.  120 
 121 
Horse personality questionnaire 122 
Finally, staff was asked to complete a Horse personality questionnaire developed by Lloyd et 123 
al. (2007). The survey was translated into Swedish and contained 25 fully described 124 
adjectives (see Lloyd et al. 2007 for details) which the staff was asked to score for each horse 125 
using a seven-point scale: 1 “no expression”, 4 “average” and 7 “total expression”. The 126 
adjective scores for each horse were thereafter multiplied with the original Principal 127 
component analysis (PCA) loadings in order to achieve values on six different personality 128 
traits for each horse/pony (Lloyd et al. 2007): Dominance (high negative loadings for 129 
reliability, subordinate and equable, and high positive loadings for irritable, aggressive, 130 
stubborn, effective and eccentric), Anxiousness (high positive loadings for fearful, 131 



apprehensive, tense, insecure and suspicious), Excitability (high negative loading for slow 132 
and high positive loading for active, intelligent and excitable), Protection (high loadings for 133 
protective, motherly and understanding), Sociability (high loadings for popular, playful and 134 
sociable) and Inquisitiveness (high loadings for opportunistic and curious).  135 
 136 
Behavioural observations 137 
All observational sessions were performed between September and October 2017. 138 
Observations were carried out for two days per stable, each day separated from the other by 139 
at least two weeks and each day consisted of 4 x 30 min sessions. Hence, a total of eight 140 
sessions and four hours of observations were held at each stable between 8:30am and 141 
12:15pm. Rotational focal sampling was used, switching between individuals in a 142 
randomised manner every two minutes. Both continuous sampling and 1/0 interval sampling 143 
with 30 second intervals was carried out (Table 2; Supplement 2). Social, stereotypical, 144 
locomotion and feeding-related behaviours were recorded at group level by completing 145 
ethogram worksheets at the time of the observations. Occurrence was noted for states and 146 
frequency for events. The same observer collected all behavioural data.  147 
 148 
Hair sampling and cortisol analyses 149 
During September 2017 two hair samples were obtained from 153 horses participating in 150 
this study. One of the two samples contained a strand of mane hair behind the head collar 151 
position which was cut using scissors. The second sample was cut using a clipper on the left 152 
side of the horse, in front of the withers and above the scapula, two fingers (3-4 cm) below 153 
the mane (Fig.1). Both samples were cut as close to the skin as possible and stored in plastic 154 
zip bags at room temperature until further analysis. The hair was always placed in the same 155 
direction in the plastic bag to be able to later analyse the correct part of the hair shaft.  156 
 157 
One centimetre of the hair shafts closest to the skin was cut into smaller (1-2 mm) pieces 158 
and weighed (approximately 7 mg -range: 6-8.5 mg-, the exact weight was recorded for 159 
further calculations). Cortisol extraction and analysis were done according to methods 160 
previously described (Karlén et al. 2011; Roth et al. 2016). In short, the hair samples were 161 
frozen in liquid nitrogen and pulverized with steel beads using a Tissue lyser II (2 min at 23 162 
Hz). Methanol (1 ml) was added to each sample after which they had been shaken overnight 163 
in a tube shaker. On the following day the samples were centrifuged (23G, 1 min, 4°C) and 164 
800 μl of the supernatant was taken and put in a Savant Speed-Vac Plus SC210A to 165 
evaporate (1.5 h). The remaining pellets were stored in the refrigerator (4-8°C) until further 166 
analysis. 167 
 168 
Finally, the pellets were dissolved in 150 µL RIA buffer (pH 7.4). Then 50 µL of this dissolved 169 
solution was then taken and 100 µL of primary antibody (Anti-cortisol rabbit antibody) was 170 
added giving a 30-40% binding to the radioligand. After a 48 h incubation period, 100 µL of 171 
radioactive (125I) conjugated cortisol was added to each tube, these were then incubated for 172 
24 h. After this incubation 75 µL of Anti-Rabbit IgG SAC-CEL (Solid phase second anti-rabbit 173 
antibody coated cellulose suspension from Immunodiagnosticsystems, IDSâ) was added to 174 
all samples. After 30 min, the reaction was stopped by adding 2 mL of water. The samples 175 
were then centrifuged for 15 min (3000 rpm; 4°C). The water was removed using a decanting 176 
tool and the samples were analysed using a PerkinElmer 2470 Wizard gamma counter which 177 
gave measures in CPM and nmol/L, later converted into pg of cortisol per mg of hair 178 



normalised by the initial weight of the cut hair. Samples were run in duplicates for validity 179 
and the inter-assay coefficient of variability was found to be 11.8%, while the intra-assay 180 
coefficient of variability was 13.5%. 181 
 182 
Data analysis 183 
HCC were not normally distributed (Shapiro-Wilk test p< 0.05) and therefore non-parametric 184 
tests were used. Spearman correlations (two-tailed) were used for all correlations, Kruskal-185 
Wallis tests were used to test differences between management regimes and breeds and 186 
when differences were found, follow-up pairwise comparisons with p-values adjusted by the 187 
Bonferroni correction for multiple tests were conducted. Sex differences were tested with 188 
Mann-Whitney U test and the different hair types were tested with Wilcoxon Signed-Rank 189 
test.  190 
 191 
Inter-observer reliability was accounted for by comparing data collected with a second 192 
observer in the first four hours of observation (Mann Whitney U tests p>0.05 for all 193 
observed behaviours). All statistical tests were performed with SPSS statistic software (IBM, 194 
version 24). 195 
 196 
 197 
Results 198 
Hair cortisol  199 
Hair samples were obtained from both mane and withers from 153 horses except for one 200 
horse in Riding school D where only the mane sample was obtained due to technical 201 
difficulties.  202 
 203 
The HCC (pg/mg) measured in the mane (Median= 6.0, SD=6.4, N=152) correlated 204 
moderately with the concentration in the withers body hair (Median=6.1, SD=8.6, N=151) 205 
(N=152, rs=0.48, p<0.001). This was also true when one outlier with withers HCC of 127 206 
pg/mg was removed (N=151, rs=0.48, p<0.001).  207 
 208 
HCC between the stables differed significantly for both mane and withers hair (Fig. 2A; c2(6, 209 
N=152)=17,6, p=0.007 and c2(6, N=151)=22,8, p=0.001, respectively). In pairwise 210 
comparisons the mane HCC for Icelandic A (Median=4.2, SD=5.3, N=16) were significantly 211 
lower than that from Icelandic B (Median=7.6, SD=5.7, N=14, p=0.005) and C (Median=6.3, 212 
SD=2.1, N=25, p=0.029) and the withers HCC in Icelandic A (Median=4.2, SD=2.0, N=16) were 213 
also significantly lower than that from Riding school D (Median=10.1, SD=21.1, N=44, 214 
p=0.001) and Trotter F (Median=7.0, SD=7.5, N=16, p=0.032).  215 
 216 
When comparing HCC for the different management regimes, that is Free-roaming horses 217 
(Icelandic B and C), Riding school horses (Riding school D and E) and Trotter racing horses 218 
(Trotter F and G), there were no significant differences (mane: c2(2, N=84)=5.2, p=0.074 and 219 
withers: c2(2, N=135)=3.5, p=0.17).  220 
 221 
HCC were compared for the largest breed groups (43 Icelandic horses, 12 Shetland ponies 222 
and 29 Standardbred trotters) and significant differences were found for the withers hair 223 
cortisol (Fig. 2B; withers: c2(2, N=84)=9.1, p=0.011). The Standardbred trotter horses 224 
(Median=7.0, SD=6.4, N=29) showed higher HCC than the Shetland ponies (Median=4.9, 225 



SD=1.9, N=12, p=0.022) and that was also a trend for the Icelandic horses (Median= 5.8, 226 
SD=4.2, N=43, p=0.053). No significant results were found for the mane HCC (c2(2, 227 
N=84)=0.094, p=0.95).  228 
 229 
Age did not correlate with HCC (mane: N=150, rs= 0.07, p=0.39; withers: N=149, rs=-0.09, 230 
p=0.27), nor did sex affect the cortisol concentrations (mane: N=152, U=2889, p=0.83; 231 
withers: N=151, U=2653, p=0.55). However, comparing the age within the different 232 
management regimes revealed that the Trotter racing horses were younger (Median= 5, SD= 233 
2.9, N=29; c2(2, N=150)=49.5, p=0.001) than both the Free-roaming horses (Median=14, 234 
SD=6.1, N=39, p=0.001) and Riding school horses (Median=12.0, SD=4.7, N=67, p=0.001).  235 
 236 
Since the full survey (including a Horse personality questionnaire) was too time consuming 237 
for some stables, information provided for some of the horses, such as training hours was 238 
averaged (see Supplementary 1). No correlation between HCC and training hours per week 239 
was found. Moreover, the fact that the horses were competing in any equestrian sport did 240 
not significantly affect the HCC (mane: N=102, U=703, p=0.86; withers: N=101, U=713, 241 
p=0.99).  242 
 243 
We received complete personality scores for 43 horses (however, one horse turned out to 244 
be an outlier in HCC and was not included in the personality correlations). Moderate to weak 245 
negative correlations were found between mane HCC and the following personality traits 246 
obtained from the Horse personality questionnaire (from stable B,C and D only): Dominance 247 
(N=42, rs=-0.34, p=0.027), Anxiousness (N=42, rs=-0.46, p=0.002) and Excitability (N=42, rs=-248 
0.31, p=0.043). Noteworthy, all three personality traits correlated positively with each other 249 
(p<0.001) and no significant correlations were found between these traits and withers HCC 250 
or between personality traits and age of the horse. Also, reported hierarchy rank of the 251 
horse did not correlate with the HCC (p>0.05).  252 
 253 
Behaviour 254 
We found differences between stables for all behavioural categories (Table 1; Fig. 3A) except 255 
Negative social behaviours. Positive social behaviours (c2(6, N=56)=21.2, p=0.002) were most 256 
abundant in Icelandic A and pairwise comparisons showed that Icelandic A had significantly 257 
higher amount of positive social behaviours than both Icelandic B and Riding school E (both 258 
p<0.05). Resting behaviours differed significantly (c2(6, N=56)=26.8, p<0.001) where 259 
Icelandic A (p<0.01), Icelandic C (p<0.05) and Riding school D (p<0.01) showed higher resting 260 
behaviour occurrences than Riding school E. Locomotion behaviours (c2(6, N=56)=15.9, 261 
p=0.014) were most frequent in Trotter F compared to both Icelandic B and Icelandic C 262 
(p<0.05) and lastly, Feeding behaviours (c2(6, N=56)=23.0, p=0.001) were most abundant in 263 
Riding school E compared to Icelandic A, Icelandic B and Riding school D (p<0.05).  264 
 265 
Comparing behaviours for the three management regimes (Free-roaming horses, Riding 266 
Schools, Trotter racing) showed that negative social behaviours differed significantly (Fig. 3B; 267 
c2(2, N=48)=7.8, p=0.020) and pairwise comparisons revealed Free-roaming horses to have 268 
lower negative social behaviour occurrences than Riding School horses (p=0.041) and that 269 
these occurrences also tended to be lower compared to the Trotter racing horses (p=0.055). 270 
Locomotion behaviours differed significantly (c2(2, N=48)=11.7, p=0.003) where Trotter 271 
racing horses showed higher occurrences than Free-roaming horses (p=0.002). 272 



 273 
 274 
Discussion 275 
In this study HCC from two different hair types/body locations in 153 horses were assessed. 276 
Cortisol concentrations in mane hair from the neck and body hair from the withers were 277 
positively correlated which suggests that both could be suitable for analysing HCC. 278 
Differences were found when comparing the seven stables regarding both HCC and 279 
behaviours. However, the management regimes and the age of the horses did not reveal any 280 
associations to the HCC. 281 
 282 
In general, the HCC of the horses in this study (Fig. 2A,B) were lower or similar to previous 283 
reported results for hair cortisol concentrations in horses (Comin et al. 2012; Montillo et al. 284 
2014; Duran et al. 2017). Moreover, during the behavioural observations, no stereotypical 285 
behaviours were recorded, which could indicate that the horses in this study were not 286 
subjected to high concentrations of long-term stress.  287 
 288 
When comparing stables, the horses in Icelandic A stable revealed lowest HCC compared to 289 
the other stables included in this study. In addition, Icelandic A showed most positive social 290 
behaviours but also most resting behaviours during the outdoor group observations. It has 291 
previously been reported that horses having social interactions have lower faecal 292 
glucocorticoid concentrations than socially isolated horses (Yarnell et al. 2015). This supports 293 
our results, but requires further investigation in order to assess the causations rather than 294 
associations between behaviour and HCC.  295 
 296 
There are most certainly many aspects influencing HCC and in this study we can only suggest 297 
associations between groups of horses and HCC. Since weather and temperature has earlier 298 
been suggested to have no effect on HCC in horses (Montillo et al. 2014) and since the 299 
horses in this study all lived in the south east of Sweden, weather aspects should not have 300 
influenced our HCC results. However, interestingly dogs have recently been shown to 301 
synchronize in HCC with their owner (Sundman et al. 2019), and whether they have access to 302 
garden or not, does not seem to influence the dog’s HCC. Hence, it would have been 303 
interesting to measure the HCC of the stable staff, especially since we found differences in 304 
HCC between stables but not between management regimes. Still, the everyday lives of dogs 305 
and horses are rather different and speculations on causation for differences in horses’ HCC 306 
cannot be resolved within the scope of this study. 307 
 308 
Again, when comparing the management regimes, (Free-roaming horses, Riding Schools, 309 
Trotter stables), no differences were found in HCC, however, the Free-roaming horses 310 
(Icelandic B and Icelandic C) showed lowest occurrences of negative social behaviours. The 311 
Free-roaming horses also revealed less locomotion behaviours compared to the Trotter 312 
racing horses. This could reflect the fact that since the Free-roaming horses were 313 
continuously outdoors, their activity bouts were likely to be spread out over the day, while 314 
the horses that were outdoors for a limited amount of time (e.g. the trotters) might have 315 
exercised more during the observations. The Trotter racing horses were also significantly 316 
younger than the horses in the other regimes in this study and contained only horses 317 
(Standardbred trotters) and no ponies which could have influenced their activity pattern 318 
(Piccione et al. 2011). Although exercise has been shown to increase cortisol concentrations 319 



(Gordon et al. 2007), we did not find increased HCCs in horses that showed more activity 320 
during the behavioural observations. Similarly, the herein reported training frequency did 321 
not seem to influence the measured HCC. However, it should be noted the observation 322 
sessions were relatively few and the observed differences in behaviours among stables and 323 
management regimes could have been influenced by numerous factors such as the size of 324 
the enclosure, the number of horses in the group, whether there was food available at the 325 
time of observations, etc. (Hogan et al. 1988; Yarnell et al. 2015; Hartmann et al. 2012), 326 
making it difficult to draw major conclusions of these results. Feeding behaviours also 327 
differed between the stables, but again, due to different management routines in which 328 
some horses were fed extra roughage when let out from the stable, this result should be 329 
interpreted with caution.   330 
 331 
Interestingly, the HCC correlated negatively with the horses’ and ponies’ personality traits 332 
Dominance, Anxiousness and Excitability, but notably all those traits correlated with each 333 
other, and the correlations were weak, which might reveal difficulties of measuring 334 
personality with only a survey. Still, the lack of strong associations between personality traits 335 
and HCC is in line with a recent study where the dog’s own personality had little effect on its 336 
HCC (Sundman et al. 2019). However, dominant individuals in primates have been shown to 337 
have lower cortisol concentrations than subordinates (Feng et al. 2016), but if the hierarchy 338 
is unstable it might instead increase stress levels in high-ranking individuals (Muller & 339 
Wrangham 2004). In horses, faecal cortisol metabolite concentrations correlate negatively 340 
with hierarchy rank (Christensen et al. 2012). Hence, a horse that in the study was—through 341 
observation—ranked as high in the social hierarchy had low cortisol concentrations. This is in 342 
accordance with our results and since the horses in our stables were kept in relatively 343 
consistent groups, they had probably acquired a fixed hierarchy which contributed to the 344 
moderate negative correlation found between the dominance trait and HCC. The dominance 345 
scores in our study were obtained through a personality questionnaire with 25 well-346 
described adjectives (Lloyd et al. 2007). The additional hierarchy rank score obtained initially 347 
from the staff and not accompanied with a full description did not correlate with neither 348 
cortisol nor the dominance trait. Hence, besides taking into account the hierarchy stability of 349 
participant animals, the difficulty to objectively assess personality traits in animals also 350 
needs to be considered when investigating the physiological relationship between hierarchy 351 
rank and stress. When it comes to the personality trait Anxiousness there are suggestions 352 
that chronic anxiety might downregulate the activity of the HPA-axis and hence lower the 353 
HCC (Steudte et al. 2011) which is consistent with our results. However, since the personality 354 
trait Excitability is closely connected to the activity of the horse, this moderate correlation is 355 
more difficult to explain and due to the absence of individual behavioural observations to 356 
validate the personality traits we will not speculate further on this.  357 
  358 
As all the current behavioural results reflect behaviour at group level, it would be interesting 359 
for future studies to investigate the link between individual behaviour and HCC. Recent 360 
research on enclosure size has also found that the bigger the pasture, the fewer social 361 
interactions between horses take place (Majecka & Klawe 2018), which might have had an 362 
effect on the social behaviour occurrences in this study. However, enclosure sizes for the 363 
different stables were not obtained in this study, and hence it would be interesting to also 364 
investigate pasture size in relation to both social behaviours, activity and HCC in future 365 
studies.  366 



 367 
When the largest breed groups in this study (N>10) were analysed for possible hair cortisol 368 
differences (Icelandic horses from Icelandic A, B and C; Shetland ponies from Icelandic C and 369 
Standardbred trotters from Trotter F and G), the Standardbred trotters showed the highest 370 
HCC. However, as mentioned earlier, different management regimes and enclosure sizes 371 
could have affected these results. It has been previously reported that HCC do not differ 372 
between two tested breeds (Duran et al. 2017). For future breed comparisons, horses with 373 
similar management regimes should be studied and complemented with behavioural 374 
observations on an individual level.  375 
 376 
Since a recent study (Duran et al. 2017) reported a difference between mane and tail HCC, a 377 
standardisation of sampling method and body location would be preferable for future 378 
comparative studies. We would suggest sampling the mane since it varied little in thickness, 379 
and length between horses compared to body hair. In addition, the mane hair did not 380 
require the use of a clipper.  381 
 382 
In conclusion, the HCC from the two types of horse hair correlated significantly suggesting 383 
that this is a promising tool to assess long-term stress in horses. Interestingly, cortisol and 384 
behavioural differences were found between participating stables, where more positive 385 
social behaviours were associated with low HCC. Also, less negative social behaviours were 386 
observed in Free-roaming horses. For future studies we suggest observations of the 387 
behaviour on an individual basis to improve the comparisons with the individual HCC.  388 
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Figures 504 

 505 
Figure 1. The body locations of the two hair samples obtained from the horses.  506 
 507 
 508 
 509 

 510 
Figure 2. Hair cortisol concentrations (pg/mg) in the different stables and breeds. Boxplots 511 
with interquartile ranges. The bars in the boxes indicate the median for each stable (A) and 512 
breed (B) for both mane and withers hair. Circles indicate outlier and plusses specify 513 
extreme outliers (three times the interquartile range from a quartile). **P<0.01, *P<0.05 514 
and (*)P<0.06 for both mane HCC and withers HCC. 515 
 516 
 517 
 518 



519 

 520 
 521 
Figure 3. Results from behavioural observations. Boxplots with interquartile ranges. The 522 
bars in the boxes indicate the median of behavioural occurrences for each behaviour 523 
category for the different stables (A) and management regimes (B). Circles indicate outliers 524 
and plusses specify extreme outliers (three times the interquartile range from a quartile).  525 
**P<0.01, *P<0.05 and (*)P<0.06 for all behaviours. 526 
 527 
 528 
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 530 
Table 1. Stables and mean ages (± SE) of horses included in this study.   531 

Stable Management regime N Mean age (years) 
Icelandic A - 16 15.9±1.4 
Icelandic B Free-roaming 14 14.8±1.6 
Icelandic C Free-roaming 25 12.9±1.3 
Riding school D Riding school 46 12.9±0.7 
Riding school E Riding school 23 9.9±0.8 
Trotter F Trotter racing 16 6.3±1.4 
Trotter G Trotter racing 13 5.2±0.5 



Table 2. Ethogram for observed behaviours. 532 
Behaviour Definition Sampling method  
Negative Social behaviour    
Biting Reaching for conspecific with an open mouth while flattening ears Continuous  
Kicking One or two legs extended in the air towards conspecific while 

flattening ears 
Continuous 
 

 

Pushing Moving a conspecific by applying physical pressure to its body Continuous  
Head threat Extending neck towards conspecific while flattening ears Continuous  
Stomping Stamping one or two feet against the ground near a conspecific Continuous  
Positive Social behaviour    
Mutual sniffing Nostrils of two conspecifics are in immediate proximity  Continuous  
Flehmen response Extending neck and rolling back upper lip, exposing teeth Continuous  
Play behaviour Biting, kicking as previously described but with ears mobile, in forward 

or axial position. Also includes pursuit of a conspecific   
Continuous 
 

 

Mutual grooming Two horses simultaneously nipping or rubbing each other’s neck, 
withers and/or back 

Continuous  

One-way grooming 
 

One horse nipping or rubbing a conspecific’s neck, withers and/or 
back. Includes horse nipping or rubbing its own body 

Continuous  

Vocalization    
Neighing Long and loud sound emitted by a horse with mouth slightly open Continuous  
Snorting Expulsion of air through the nostrils creating a repetitive sound Continuous  
Stereotypic behaviour    
Crib-biting Putting pressure on stationery structure with teeth then inhaling 

deeply 
Continuous  

Weaving Shifting body weight from side to side repeatedly 1/0 (30 s)  
Pacing Walk/trot or canter back and forth repeatedly in a given location 1/0 (30 s)  
Locomotion    
Walk Four beat movement where two or three hooves are on the ground 1/0 (30 s)  
Trot Two beat movement where two or no hooves are on the ground 1/0 (30 s)  
Canter/Gallop Three beat movement where two or three hooves are on the 

ground/Four beat movement where all hooves are off the ground in 
each stride 

1/0 (30 s)  

Resting/Still    
Lying down Horse is on the ground with four legs and body in contact with the 

ground 
1/0 (30 s)  

Resting Body supported by at least 3 legs, ears rotating laterally, eyelids 
drooping, Neck may drop below horizontal 

1/0 (30 s)  

Alert Body supported by at least 3 legs, head held higher than neck, eyes 
wide open 

1/0 (30 s)  

Withdrawn Body supported by at least 3 legs, stretched neck, similar neck and 
back height. Eyes wide open and no ear or head movements 

1/0 (30 s)  

Feeding-related behaviour    
Grazing/Browsing Teeth and lips are in immediate proximity with grass/leaves. Steps 

may be taken. 
1/0 (30 s)  

Eating roughage Teeth and lips are in immediate proximity with roughage 1/0 (30 s)  
Drinking Lips are in immediate proximity with water 1/0 (30 s) 
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