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A B S T R A C T   

Pasture access is key to horse welfare, but during summer biting insects can cause discomfort and lead to health 
issues related to transmission of diseases and allergies. To measure the level of discomfort and whether access to 
shelters or other indoor areas may help prevent biting insect nuisance, we studied 39 horses: n = 21 with free 
indoor access (five groups) and n = 18 without indoor access (four groups) and recorded horse position (e.g., 
inside or outside), insect-repelling behaviour (e.g., tail swishing and head tossing), faeces cortisol metabolites, 
weather conditions, and insect prevalence through trap catches (e.g., tabanids which are known to attack 
horses). Data were collected one day per week per group for eight weeks during midsummer. Tail swishing (mean 
occurrence: 29.4 ± 1.1 per min) and skin shivering (mean occurrence: 13.8 ± 0.6 per min) were the most 
frequently recorded behaviours. The total frequency of insect-repelling behaviour was affected by treatment 
(indoor access vs. no access) and tabanid trap catches in interaction (F1281 = 8.08, P = 0.005), as more repelling 
behaviour was shown by horses without indoor access with increasing tabanid prevalence. Horses with indoor 
access were inside on 69% of recordings on days with a high tabanid prevalence vs. 14% on days with low 
tabanid prevalence. Concentrations of faeces cortisol metabolites did not differ between days with low vs. high 
tabanid prevalence. The following year, we conducted a small follow-up study on 13 horses (6 with free indoor 
access and 7 without) and recorded behaviour and saliva cortisol on four selected summer days with either low 
or high insect prevalence (2 ‘low’ and 2 ‘high’ days). On ‘high’ insect days, saliva cortisol increased significantly 
in horses without indoor access, suggesting that biting insect nuisance is reflected in saliva cortisol concentra-
tions. We conclude that free access to shelters or other indoor areas during summer reduce nuisance by biting 
insects and thereby can improve horse welfare.   

1. Introduction 

Pasture access is crucial for horse welfare, and guidelines for keeping 
of horses recommend daily access to pasture with other horses (e.g., the 
EU Guide to good animal welfare practice for the keeping, care, training 
and use of horses, 2019). In some regions however, biting insects can 
pose a threat to the welfare of grazing animals (Baldacchino et al., 
2014b; Blank, 2020). In addition to the acute annoyance and pain 
caused by the bites, insects are vectors of bacteria and virus causing 

contagious and parasitic diseases, including equine encephalomyelitis, 
African horse sickness and equine infectious anemia, and can also cause 
allergies, such as ‘sweet itch’ in horses (reviewed by Kamut and Jez-
ierski, 2014). Further, nuisance by biting insects can decrease feeding 
and resting time of ungulates, negatively affecting their welfare and 
body weight (King and Gurnell, 2010; Mooring et al., 2007; Weladji 
et al., 2003). 

Animals use various defensive reactions against biting insects, 
including insect-repelling behaviour (e.g., tail swishing and leg 
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stamping), evasive behaviour (e.g., moving to a windy area with less 
insect activity) and grouping behaviour (gathering closer into groups to 
protect each other and thereby reduce insect numbers per animal; 
reviewed by Kamut and Jezierski, 2014). In particular, the frequency of 
insect-repelling behaviour was suggested as a direct measure of insect 
nuisance (Mullens et al., 2006; Powell et al., 2006; Hartmann et al., 
2015b). Further, stress physiological responses to biting insects have 
been reported in mammals (Kavaliers and Colwell, 1996; Kavaliers et al., 
2003). Activation of the Hypothalamic-Pituitary-Adrenal (HPA) axis can 
be measured non-invasively through faeces cortisol metabolites (FCM) 
and saliva cortisol (Möstl and Palme, 2002; Mormede et al., 2007). 
Saliva cortisol represents biologically active hormone, and is an acute 
measure of HPA-activity, whereas FCM is often used as an indicator of 
longer-term stress with an excretion time-lag of approx. 24 h (Palme 
et al., 1996). 

There is a vast number of insecticides, chemical repellents, and insect 
traps based on various attractants available on the market. However, 
repellents applied to animals are usually only of short-term effective-
ness, and their application is problematic for animals kept on remote 
pastures. In addition, a variety of wearable insect nets have been 
developed for horses (e.g. horse fly masks), covering their ears, head or 
the whole body, in an attempt to prevent insect bites. Such nets require 
frequent inspection because incorrectly fitted nets can cause injury. 
Thus, other efficient ways to reduce nuisance by biting insects would be 
beneficial for horse welfare. Hartman et al. (2015b) found that singly 
kept horses showed less insect-repelling behaviour when inside a shelter 
and recommended that shelter use in relation to biting insect prevalence 
should be investigated at group level to explore the possibility that 
shelters constitute an acceptable refuge against insect nuisance for 
pastured horses during summer. 

Most studies have used sticky fly paper to quantify insect prevalence 
(e.g. Hartmann et al., 2015b). Although these classic flypapers catch 
numerous different insect species, they usually do not trap tabanids (i.e., 
Haematopota sp., Tabanus sp., and Hybomitra sp., Diptera: Tabanidae) in 
any representative numbers, which are the main group of biting insect 
species that attack horses during daytime (Egri et al., 2013). Thus, insect 
traps designed to catch tabanids may be more relevant in terms of insect 
nuisance of horses. 

We aimed to investigate the effect of provision of shelters or other 
indoor areas on insect nuisance of horses, measured as the frequency of 
insect-repelling behaviour. We further investigated whether FCM levels 
increased in response to insect nuisance. We hypothesised that horses 
with indoor access would show reduced insect-repelling behaviour and 
FCM levels on days with a high prevalence of biting insects, quantified 
through trap catches. Based on the results of the first experiment, we 
conducted a small follow-up study, aiming to investigate horses’ saliva 
cortisol levels on days with expected low vs. high insect prevalence. We 
hypothesised that insect nuisance would be reflected in increased saliva 
cortisol levels, which is a more acute measure of HPA-activity than FCM 
levels. 

2. Materials and methods – experiment 1 

The data collection period was June – August 2019. The study con-
formed with national legislation on animal experimentation (Danish 
Ministry of Justice, Act. no. 253 and §12 in Act. no. 1459) and did not 
require permission, as well as the guidelines by the Ethical Committee of 
the International Society of Applied Ethology (https://www.applied-eth 
ology.org/Ethical_Guidelines.html). 

2.1. Horses 

Nine privately owned horse groups in three locations took part in the 
study as outlined in Table 1. We aimed to balance the participating horse 
groups as much as possible so that both types of treatment (indoor access 
vs. no access) were included within a small geographical area, i.e. less 

than 2 km between the groups within each location. Originally, 42 
horses in 10 groups were included in the study, but one group of Ice-
landic horses (group 5) was not included due to apparent illness in two 
of the three horses (un-diagnosed Cushing’s disease, resulting in very 
long hair coats, which would likely affect the horses’ reactions to insects; 
the owner was advised to seek veterinary assistance for these horses). 
The remaining 39 horses across nine groups - five with free indoor access 
and four without - represented common horse breeds in Denmark 
(Danish Warmblood, Icelandic horses, Shetland ponies, Arabian horses). 
The breeds differ in conformation and characteristics such as hair coat 
thickness, with Danish Warmblood and Arabian horses having short 
coats, and Icelandic horses and Shetland ponies having thicker coats. 
The breeds were represented in both treatments (Table 1). 

The horses were pastured 24 h a day, 7 days a week, with free access 
to water and minerals. The indoor areas were either barn-type buildings 
(> 50 m2, group 1, 3, 9) or smaller buildings (approx. 15 m2, group 6, 7). 
The groups had straw, silage, or hay available indoor. The pastures were 
2–15 ha with varied vegetation and with trees within or just outside the 
pastures, proving opportunity for natural shade throughout the day for 
all groups. 

2.2. Test protocol and recordings 

2.2.1. Behavioural recordings 
The nine groups of horses were observed between 12:00 – 18:00 h 

one day/week (Table 2) for 8 weeks during midsummer. On each 
observation day, two trained observes alternated between the groups (i. 
e., Observer A observed Group 1 at 12–13, 14–15 and 16–17 h and 
Group 2 at 13–14, 15–16 and 17–18 h; Observer B observed Group 4 and 
3 following the same time schedule, i.e. balancing for treatment between 
time periods and between observers). Each observation period consisted 
of three scan samples (once every 15 min), where the observer recorded 
the position of each horse (indoor, open pasture, under natural shade, by 
water) as well as its activity (graze/eat, stand, lie, locomotion, social, 
comfort). In addition, each horse was video recorded for one minute 
after each scan (i.e., a total of 9 min per horse per observation day) for a 
later, detailed recording of insect-repelling behaviour (Table 3). 

Supplementary material related to this article can be found online at 

Table 1 
Overview of study locations, groups and horses.  

Locationa Group Indoor 
access 

N Horse breed Age Sex 

A  1 Yes  5 Danish 
Warmblood 

6–19 Mares 

A  2 No  5 Danish 
Warmblood 

2–10 Geldings 

A  3 Yes  4 Danish 
Warmblood 

2–18 Mares 

A  4 No  5 Danish 
Warmblood 

1–16 Mares 

B  5 No  3 Icelandic b b 

B  6 Yes  5 Three Icelandic 
and two Shetland 
ponies 

8–21 Mares, one 
gelding 

B  7 Yes  3 Arabians 6–16 Two 
mares, one 
stallion 

B  8 No  5 Four Arabian, one 
Icelandic 

1–3 Mares 

C  9 Yes  4 One warmblood, 
two Icelandic and 
one Shetland pony 

6–19 Three 
mares, one 
gelding 

C  10 No  3 Arabians 6–17 Two 
mares, one 
gelding  

a Location A: All groups belonged to the same stud; B and C: Groups owned by 
two private owners. 

b Group 5 was not included due to horse illness. 
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2.2.2. Faeces cortisol metabolites (FCM) 
There is a time lag of approx. 24 h in the excretion of cortisol me-

tabolites in horse faeces (Palme et al., 1996). Therefore, we aimed to 
collect faeces approx. 24 h after the behavioural recordings, i.e. 
Observer A collected from Group 1 between 12:00–14:00, and from 
Group 2 between 14:00–16:00, as we found in previous studies that most 
horses defecate once every 2 h (Christensen et al., 2012, 2018). The 
observer followed the horses on the pasture and collected a fresh ball of 
faeces from the top of the pile immediately after defecation from each 
horse. The collection bag was squeezed free from air and the sample 
placed in a transportable cooling box. A collection lasted 2 h, unless all 
samples were obtained sooner, after which the samples were placed in a 
transportable freezer and by the end of day transported to the uni-
versity’s freezer (− 19 ◦C). Samples were later defrosted and weighed 
(0.5 g). The samples were analysed as described in Merl et al. (2000) and 
Palme and Möstl (1997), using an 11-oxoaetiocholanolone enzyme 
immunoassay, validated for horses (Möstl et al., 1999). The inter-assay 
and intra-assay coefficients of variation were 9.5% and 11.3%, respec-
tively. The sensitivity was 0.9 ng/g faeces. 

2.2.3. Insect prevalence 
This study included three different types of traps in an attempt to 

quantify insect prevalence: Tabanids (Diptera: Tabanidae) were 
captured using H-traps for Horse Fly Control; biting midges (Diptera: 
Ceratopogonidae) and mosquitoes (Diptera: Culicoidae) were captured 
using light traps, and other biting flies, e.g. stable flies (Diptera: Mus-
cidae) were captured using flypaper traps (see trap details below). The 
traps were set up in the morning on observation days and the catches 
were collected 24 h later, prior to faeces collection. The captured insects 
were stored in jars with 70% ethanol for a later taxonomical 
identification. 

The H-trap consists of a semi-transparent plastic cone hanging from a 
metal pipe, with a container fitted at the apex (height approx. 1.95 m). 
The container is half filled with water and detergent to kill the insects 
that enter. Suspended beneath the cone is the attractant object in the 

form of an air-filled black decoy sphere of approx. 60 cm in diameter 
(https://www.h-trap.net/). The trap works by attracting the insects, 
which - when unable to feed on the ball - will take off upwards and be 
captured in the cone-shaped unit and then for most move upwards to be 
finally trapped and killed in the container. One H-trap was placed just 
outside the pasture for each horse group, as close as possible to the 
horses’ usual resting area. 

Light traps (CDC miniature Light Trap model 512; https://www.joh 
nwhock.com/) for collection of biting midges and mosquitoes were 
placed next to each pasture at a height of approx. 1.5 m above the 
ground as well as inside each shelter/building. This trap attracts insects 
with UV light and a small fan that guides them into a jar containing 70% 
ethanol. The trap works best from dusk and were set to operate from 5 
pm on observation days until 1 am in the morning the following day. 

Sticky flypaper traps (Silvalure 3D cattle sheets, cut into 10 × 30 cm, 
https://www.silvandersson.se) were likewise placed just outside the 
pasture (2 traps for each group, placed at approx. 1.5 m height on two 
poles) as well as inside each shelter or building (2 traps per group placed 
out of reach of the horses). 

The traps were placed in the same location each week as we were 
interested in week-to-week comparisons of catches. A total of 72 catches 
per trap type (9 groups x 8 catches, i.e. once per week) were collected, 
except traps placed indoor where a total of 40 catches were collected (5 
groups with indoor access x 8 catches). 

2.2.4. Weather conditions 
Local weather conditions were recorded from the official database 

(the Danish Meteorological Institute): Mean and max daily temperatures 
(◦C), number of hours of sunshine, wind speed (m/s) and relative hu-
midity (rh%). Further, indoor shelter temperatures were recorded every 
hour using temperature loggers (iButton DS1923; Maxim Integrated, San 
Jose, CA, USA). 

2.3. Data analysis 

Behavioural data were analysed using ANOVA where repeated 
measures per horse (1− 39) across observation days (1− 8) was consid-
ered and with ‘total insect-repelling behaviour’ as response variable. 
The explanatory variables included treatment (indoor access vs. no ac-
cess) as fixed factor, the continuous variables ‘H-trap tabanid catch’ 
(count: 0–285), ‘outdoor sticky trap catch’ (count: 3–192), and ‘light 
trap mosquito and biting midges catch’ (count: 0–337) as covariates plus 
all two-ways interactions between treatment and the three types of in-
sect catches. The model had location (1− 3) as random factor and the 
time structure was modelled using compound symmetry (Littell et al., 
1996). The model was reduced by stepwise removing insignificant terms 
(P > 0.10), starting with the two-way interactions and removing the 
term with highest P-value first. The statistical software SAS (version 9.4) 
was used for analysis (using the procedure ‘Mixed’). Kenward-Roger 
correction was used for the denominator degrees of freedom (Littell 
et al., 1996). Compliance to the demands for dispersion (normal distri-
bution) and variance homogeneity were evaluated from plots of the 
model residuals at each step. Since tail swishing and skin shivering were 
the predominantly occurring behaviours and therefore accounted for the 
main part of ‘total insect-repelling behaviour’, the same model was used 
to analyse the sum of other insect-repelling behaviour (i.e., sum of head 
and body shake, stomp, ear flick, groom self, social groom and roll). 

Since baseline data on cortisol levels could not be collected in this 

Table 2 
Overview of the weekly behavioural recordings, insect trap and faeces collection during the 8-weeks experimental period.  

Monday Tuesday Wednesday Thursday Friday Saturday 

Location A (group 1–4): 
Behavioural recordings, 
12–18 h Insect traps, 24 h 

Location A (group 
1–4): Faeces 
collection, 12–16 h 

Location B (group 6–8): 
Behavioural recordings, 
12–18 h Insect traps, 24 h 

Location B (group 
6–8): Faeces 
collection, 12–16 h 

Location C (group 9–10): 
Behavioural recordings, 
12–18 h Insect traps, 24 h 

Location C (group 
9–10): Faeces 
collection, 12–16 h  

Table 3 
Ethogram of insect-repelling behaviour (modified from Hartmann et al., 2015a). 
Tail swish, head movement, body shake and skin shiver are shown in Supple-
mentary video S1).  

Behaviour 
(freq) 

Description 

Tail swish Swishing of the tail from its resting position to the side or up and 
down 

Head 
movement 

Shaking or tossing head, incl. swinging of head towards the 
shoulder or abdomen to remove a biting insect 

Body shake Rapid vibration of the head, neck and body while standing 
Stomp Sharply strike the ground by rapidly flexing a fore or hind leg 
Ear flick Rapid rotation of one or both ears without moving the head 
Skin shiver Rapid twitching of the skin (typically around the withers/shoulder 

region) 
Groom self Nibbling, biting, or rubbing a part of own body 
Social 

grooming 
Grooming with another horse in the group, i.e. two horses stand 
side by side and rub a part of each other’s body with lips or teeth 

Rolling Rotating from sternal to dorsal lying position one or more times; 
one or both sides of the body in contact with the ground. Usually 
includes rubbing of the head and neck towards the ground  
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experimental setup and the treatment groups were not balanced ac-
cording to cortisol levels, a direct comparison of FCM levels between 
treatments is not meaningful. Instead, we identified the two days with 
the lowest tabanid prevalence and the two days with the highest prev-
alence (based on the average H-trap catch from all traps within a loca-
tion) and used a two-way Repeated Measures ANOVA and Holm-Sidak 
post tests to compare FCM levels within treatments. A similar model was 
used for the behavioural data to compare the days with lowest and 
highest tabanid prevalence (SigmaPlot 14.0, www.alfasoft.com). Re-
lationships between weather variables and insect catches were analysed 
using Spearman correlations. Further, comparisons of insect trap catches 
(e.g., tabanids vs. other insects captured in the H-traps, and indoor vs. 
outdoor catch in light and sticky traps) were analysed using either t-tests 
or a non-parametric alternative (Mann-Whitney rank sum test or 
Kruskal-Wallis one-way analysis of variance on ranks). 

Data are presented as mean ± SE, or medians [25,75% quartiles] if 
non-parametric statistics were used. A probability level (P) of 0.05 was 
chosen as the limit of statistical significance in all tests, with results 
between 0.05 < P < 0.10 reported as tendencies. 

3. Results – experiment 1 

3.1. Weather conditions and insect trap catches 

An overview of the weather data on the eight observation days in 
each study location is provided in Table 4. The average indoor tem-
peratures were slightly higher than the outdoor temperatures and varied 
between shelters/barns, reflecting differences in material, design and 
shelter/barn size (Group 1: 19.0 ± 0.4 ◦C; Group 3: 16.7 ± 0.3 ◦C; Group 
6: 19.2 ± 0.5 ◦C; and Group 7: 18.1 ± 0.7 ◦C). Unfortunately, the logger 
in Group 9 broke down during the experimental period and data were 
lost. 

A total of 3235 insects were captured in the H-traps: 860 were ta-
banids of which the common horsefly, Haematopota pluvialis (L.) domi-
nated with 87.6% of all captured individuals. The band-eyed brown 
horsefly, Tabanus bromius (L.) occurred with 5.7%, and several species of 
Hybomitra ssp with 5.8% of the captured individuals, respectively. The 
number of species within the genus Chrysops ssp (deerflies) was low and 
their relative abundance below < 0.5% of total tabanids. Trap catches 
varied greatly between observation days and within day between traps 

placed next to each group in the same study location. The largest vari-
ation in H-trap catch appeared on the first observation day in Location A, 
where the four traps contained 95, 285, 30 and 203 tabanids, respec-
tively. Besides tabanids, a number of other species that do not feed on 
horses, such as hoverflies (Diptera: Syrphidae), craneflies (Diptera: 
Tipulidae), blow flies (Diptera: Calliphoridae), parasitic flies (Diptera: 
Tachanidae), were also captured in the H-traps (mean catch per trap per 
day across all locations and observation days: Tabanids: 12 ± 5.0 and 
other insects: 33 ± 2.9, t = − 3.6, P < 0.001). A total of 29,856 insects 
were captured in the light traps. Besides mosquitoes (4.8%) and biting 
midges (11.3%), a large number (83.8%) of other small insects, e.g. 
hump-backed flies (Diptera: Phoridae), were captured in the traps 
(median catch per trap per day: Mosquitoes: 3 [0; 12], Biting midges: 7 
[1; 25], Other: 118 [57; 269], Kruskal-Wallis, H = 159, P < 0.001). 
There was no difference between traps placed inside and outside in 
terms of number of insects captured (median catch per trap per day: 
Inside: 155 [88; 303] vs. Outside: 152 [71; 336], MWU, P = 0.78). A 
total of 3511 insects were captured on the sticky flypaper traps. 
Houseflies dominated with 12.5% whereas tabanids occurred with less 
than 1% of the captured individuals (mainly the common horsefly, 
H. pluvialis). Two individuals of deerflies (Chrysops ssp.) were captured 
indicating their presence as well. Surprisingly, no stable flies (Stomoxys 
calcitrans L.) were observed on the flypapers, whereas two individuals of 
horn fly, (Lyperosia irritans L.) were captured. The remaining part of the 
captured insects (approx. 87%) were species of no known nuisance 
importance to horses (e.g., hump-backed flies (Diptera: Muscidae), root- 
maggot flies (Diptera: Anthomyiidae), black scavenger flies (Diptera: 
Sepsidae), green and blue bottle flies (Diptera: Calliphoridae), parasitic 
flies (Tachinidae), crane flies (Diptera: Tipulidae), mosquitoes (Diptera: 
Culicidae)). A larger number of insects were captured on the sticky traps 
placed outside compared to inside (Outside: 39 [23; 67] vs. Inside: 2 [0; 
6]). 

The number of insects captured in the H-traps generally correlated 
well to the measured weather variables, with an increasing number of 
insects captured on days with a higher maximum temperature and more 
hours of sunshine, and less captured on days with more wind and high 
humidity (Table 5). Fewer mosquitoes and biting midges were captured 
in the light traps with increasing wind speed, whereas total insect 
catches on the sticky paper appeared unrelated to the measured weather 
variables (Table 5). 

Table 4 
Average weather conditions at the three study locations on the eight observation daysa.  

Weather variables Mean ± SE (min-max) Daily average temp (◦C) Daily max temp (◦C) Hours of sunshine per day Wind speed (m/s) Humidity (%) 

Location A 16.0 ± 0.4 (13.2–21.7) 21.1 ± 0.5 (16.9–28.5) 5.3 ± 0.6 (0–12.4) 4.0 ± 0.6 (1.8–6.8) 81.7 ± 1.2 (67.2–96.7) 
Location B 16.0 ± 0.5 (13.3–20.5) 21.4 ± 0.7 (16.9–28.9) 8.0 ± 1.2 (0–15.4) 3.9 ± 0.5 (2.3–6.7) 81.4 ± 1.7 (72.2–96.7) 
Location C 15.9 ± 0.6 (11.4–20.4) 21.8 ± 0.7 (16.0–27.4) 8.9 ± 0.9 (1.8–15.3) 3.4 ± 0.4 (2.0–5.1) 81.4 ± 1.5 (73.1–93.1)  

a Observation days differed between locations (see Table 2). 

Table 5 
Spearman correlations between weather variables and outdoor insect trap catches (mean catch per location, 3 locations x 8 days each, i.e. n = 24).  

Weather variables Daily max temp (◦C) Hours of sunshine Wind speed (m/s) Humidity (%) 

H-trap 
- Total insects 
- Tabanids 

rs = 0.58 
P = 0.003 
rs = 0.45 
P = 0.028 

rs = 0.64 
P < 0.001 
rs = 0.57 
P = 0.004 

rs = − 0.30 
P = 0.150 
rs = − 0.45 
P = 0.027 

rs = − 0.43 
P = 0.036 
rs = − 0.45 
P = 0.028 

Light trap outdoor 
- Total insects 
- Biting midges and mosquitoes 

rs = 0.49 
P = 0.015 
rs = 0.31 
P = 0.144 

rs = − 0.07 
P = 0.740 
rs = − 0.07 
P = 0.728 

rs = − 0.51 
P = 0.010 
rs = − 0.67 
P < 0.001 

rs = − 0.05 
P = 0.825 
rs = − 0.03 
P = 0.888 

Sticky trap outdoor 
- Total insects 

rs = 0.24 
P = 0.262 

rs = − 0.18 
P = 0.384 

rs = − 0.18 
P = 0.407 

rs = 0.27 
P = 0.194  
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Since tabanids are well known and described to feed on horses, we 
used the daily catch of tabanids (i.e., the average of the catch from all 
traps within a location) to identify the two observation days with the 
highest and two days with the lowest insect nuisance level (tabanid 
catch on ‘High days’: 13.8 [3.4; 56.5] vs. ‘Low days’: 0.0 [0.0; 0.1], 
MWU, P = 0.002). 

3.2. Horse position in relation to insect prevalence 

Across all scans, horses with access to shelters were recorded inside 
on 39.5% of the scans, on the open pasture 48.8% and other positions 
(by water or under natural shade) for 11.7%. Horses without shelter 
access were recorded to be on the open pasture for 88.8% of scans and in 
other positions (by water or under natural shade) for 11.2%. Horses with 
indoor access were more likely to be recorded inside on days with a high 
daily catch of tabanids compared to days with a lower catch (Low days: 
14.0% vs. High days: 69.0% of all scans). 

Horses without indoor access were most frequently recorded to be 
grazing/eating (46% of scans), followed by standing (44%) and loco-
motion (7%) and other (social, lie or comfort, 3%). Further, they were 
recorded to stand within 1 m of another horse for 61% of the scans. 
Horses with indoor access were likewise most frequently observed to be 
grazing/eating (54% of scans), followed by standing (40%), locomotion 
(3%) and other (social, lie and comfort, 3%). They were only recorded to 
stand within 1 m of another horse in 24% of scans. 

3.3. Insect-repelling behaviour 

Tail swishing was the most frequently occurring behaviour (mean 
occurrence: 29.4 ± 1.1 swishes per min) followed by skin shivering 
(mean occurrence: 13.8 ± 0.6 per min; Table 6). These energetically 
low-cost behaviours were observed to occur in response to both biting 
(tabanids) and non-biting insects, e.g. houseflies (M. domestica) and 
different Morelia species (Diptera: Muscidae), whereas the more energy- 
demanding behaviours (such as head and leg movement) occurred 
mainly in response to tabanids and horse bot flies (Diptera: Oestridae). 
Consequently, we analysed insect-repelling behaviour both as a pooled 
total and as a pooled total without tail swish and skin shiver. 

In the main model for ‘total insect-repelling behaviour’, the in-
teractions ‘treatment and sticky catch’, and ‘treatment and light trap 
catch’ were insignificant and were removed from the model. There was a 
significant interaction between treatment and tabanid catch (F1281 =

8.08, P = 0.005). There was no effect of light trap catch, whereas sticky 
catch was negatively associated (estimate: − 0.59) with insect-repelling 
behaviour (F1274 = 4.95, P = 0.027). Similar results were obtained for 
the other variable ‘insect-repelling behaviour without tail swish and skin 
shiver’: A significant interaction between treatment and tabanid catch 
(F1291 = 9.76, P = 0.002) and a negative effect of sticky catch (estimate: 
- 0.08, F1286 = 5.59, P = 0.019). The frequency of insect-repelling 
behaviour on days with the lowest and highest tabanid prevalence are 
shown in Fig. 1. 

3.4. Faeces cortisol metabolites (FCM) 

FCM levels did not differ between low and high tabanid days (all 
horses, mean ± SE, ng/g, Low1: 40.9 ± 2.5, Low2: 38.1 ± 2.8, High1: 
45.6 ± 2.7, High2: 42.1 ± 2.8, F3,82 = 1.44, P = 0.24). For horses with 
indoor access, Low2 differed significantly from High1 (Holm-Sidak post- 
test, Low2: 37.3 ± 3.4 vs. High1: 54.8 ± 4.0, t = 3.31, P = 0.008) 
whereas there were no significant differences between days for horses 
without indoor access. It should be noted that we only obtained 125 
samples of the possible 156 (39 horses x 4 days); this was mainly because 
several horses were not observed to defecate within the 2-hour collec-
tion period per group. Further, one horse (from group 9) was affected by 
laminitis towards the end of the experimental period and had high FCM 
levels that were outside the range of the other horses. Data from this 
horse were removed from the analysis (i.e., number of samples included 
in the analysis: Low1: 30, Low2: 35, High1: 31, High2: 29). 

4. Discussion and conclusion – experiment 1 

Horses with indoor access used their shelters extensively, particu-
larly on days with a high tabanid prevalence where they were recorded 
inside for 69% of the scans. Since weather conditions and insect prev-
alence were associated, with more insects prevalent on days with higher 
temperatures and less wind, it is also possible that the horses used the 
indoor facilities for shade. However, since all horses in this study had 
access to natural shade in their pasture and average indoor temperatures 
were higher than outdoor temperatures, it seems more likely that indoor 
areas were used to avoid biting insects, as also suggested by Hartmann 
et al. (2015a, 2015b). Horses without indoor access were frequently 
(61% of scans) recorded to be within 1 m of another horse as opposed to 

Table 6 
Insect-repelling behaviour (frequency per horse during 9 min).  

Behaviour Mean ± SE Median [25; 75% quartiles] (min - max) 

Tail swish 265 ± 9.9 254 [124; 400] (0; 750) 
Skin shiver 124 ± 5.3 117 [43; 183] (0; 478) 
Head shake 15.6 ± 1.0 10 [4,21] (0–144) 
Ear flick 7.8 ± 0.5 5 [2; 11] (0–56) 
Stomp 7.0 ± 0.5 3 [1; 10] (0 – 59) 
Groom self 4.0 ± 0.3 3 [1; 5] (0 – 44) 
Social groom 0.3 ± 0.0 0 [0; 0] (0 – 4) 
Body shake 0.1 ± 0.0 0 [0; 0] (0 – 3) 
Roll 0.1 ± 0.0 0 [0; 0] (0 – 8)  

Fig. 1. Insect-repelling behaviour on the two days with lowest tabanid catch 
(Low1, Low2) and two days with the highest catch (High1, High2) in each study 
location: (a) total frequency per horse during the 9 min observation time, and 
(b) total frequency except tail swish and skin shiver; mean ± SE. Within-group 
differences are indicated by different letters (P < 0.001 – P = 0.04). Between- 
group differences are indicated by * ** (P < 0.001). 
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24% of scans for horses with indoor access. Gathering into groups and 
seeking close proximity to benefit from a dilution effect, and standing 
head to tail to benefit from each other’s tail movements are commonly 
reported responses to insect nuisance in grazing and free-ranging ani-
mals (Rutberg, 1987; Mooring and Hart, 1992; Christensen et al., 2002; 
Kamut and Jezierski, 2014). 

The H-traps work by sun heating and polarisation of the incoming 
light reflected by the black rubber ball, which attracts insects. Therefore, 
less trapped insects are to be expected on cloudy days even if the same 
number of insects were present in the area (Egri et al., 2012). This also 
means that the position of the trap is important as shade from trees or 
buildings during parts of the day will lower the catch. We placed the 
traps close to where the horses were frequently resting, out of reach of 
the horses, but it was not always possible to avoid shade from trees 
during parts of the days. Consequently, there was large variation in the 
number of tabanids captured in the traps within each location, and the 
tabanid catch is therefore only a rough measure of their prevalence and 
activity. Furthermore, H-traps are less efficient of unknown reasons to-
wards some of the tabanids, e.g. deerflies (Chrysops, Diptera: Tabani-
dae), which are only attracted in very low numbers (Egri et al., 2012) as 
also found in this study. Nevertheless, we found a significant difference 
in horses’ insect-repelling behaviour between days with a low vs. a high 
tabanid catch. This was particularly clear for the pooled insect-repelling 
behaviour without tail swishing and skin shiver. These energetically 
low-cost behaviours also occur in response to non-biting flies and the 
clearer effect of tabanid prevalence on the more energetically 
demanding behaviours, such as head tossing and stomping, was there-
fore expected. A limitation to this study was that we did not catch or 
observe horse bot flies (Diptera: Oestridae), which are also known to 
cause intensive avoidance behaviour in horses (Kamut and Jezierski, 
2014). Further, behaviour such as social grooming and rolling also occur 
in situations where no insects are present; for example, increased rates of 
these behaviours have been observed to occur during coat shedding in 
the autumn, which likely has to do with itching (Christensen et al., 
2002). These behaviours occurred with a low frequency in the present 
study and their inclusion did not change the results. Horses with indoor 
access showed significantly lower levels of insect-repelling behaviour on 
the high tabanid days, suggesting that indoor access reduced nuisance 
from these and other biting insects. Blood-sucking insects are initially 
attracted to their hosts via olfactory stimuli and, when getting closer, 
through visual stimuli (Van Laer et al., 2014). When animals stay inside 
shelters, they are likely harder to detect relative to the background and 
therefore less attacked by insects like tabanids (Hartmann et al., 2015b). 

In accordance with previous studies, we found that tabanid preva-
lence correlated negatively with wind speed and positively with air 
temperature (Baldacchino et al., 2014a, 2014b). The sticky flypaper 
catch of insects did not correlate to weather conditions in the present 
study, and there was a surprising negative association between the in-
sect catch and the frequency of insect-repelling behaviour. This was 
possibly due to spurious correlation as the majority of insects captured 
on the sticky paper were insect species that do not feed on horses (87% 
of the catch). In contrast, Hartmann et al. (2015a), but not (2015b) re-
ported a negative association between flypaper catch numbers and the 
probability of horses being recorded outside their shelter. In that study, 
however, a very low number of insects were captured on the flypaper 
and the experimental environment consisted of paddocks with limited 
vegetation, compared to the larger pastures with varied vegetation and 
therefore likely a higher insect diversity in the current study. We found 
no significant effect of the light trap catch on insect-repelling behaviour. 
Although biting midges and mosquitoes are present during the day, their 
activity increases in the evening, and since the light traps use UV light to 
attract insects - and thereby works in the dark - it is perhaps less sur-
prising that the catches were unrelated to daytime insect-repelling 
behaviour of the horses. 

We balanced the groups as much as possible within location 
(Table 1), but it was not possible to obtain similar group compositions. 

Further studies are therefore required to study any specific effects of 
breed, coat colour, age and sex on nuisance by insects. In addition, this 
study was not designed to investigate the effect of the different types of 
indoor access (e.g., larger barn type vs. smaller building). Hartmann 
et al. (2015a) reported that horses preferred a more closed shelter (roof 
and three sides) over a roof-only shelter and that the former decreased 
insect-repelling behaviour. This aspect needs further investigation in 
order to design optimal insect refugees for pastured horses. Since both 
the current study and the studies by Hartmann and co-workers were 
performed in relatively cold climates, it would also be highly relevant to 
further study the impact of access to various shelter types for horses 
living in warmer and more humid climates with a potentially higher 
biting insect burden. 

Despite the clear increase in insect-repelling behaviour on days with 
high tabanid prevalence, there was no corresponding increase in FCM 
levels, except on one of the high tabanid days in the indoor treatment 
group. This could suggest that nuisance by insects does not lead to an 
increase in FCM levels; however, as previously noted, the result is based 
on a limited number of samples and should be interpreted with caution. 
Further, with a time lag of approx. 24 h (Palme et al., 1996), FCM is 
likely a better indicator of stronger stressors or prolonged stress and it is 
possible that periodic discomfort caused by insects does not lead to 
increased FCM levels. In contrast to FCM, saliva cortisol represents 
biologically active hormone and is therefore potentially a better indi-
cator of physiological responses to short-term insect nuisance. The 
subsequent year, we had the opportunity to conduct a smaller follow-up 
experiment to investigate this aspect further as described below. 

5. Materials and methods – experiment 2 (follow-up study) 

The follow-up study was conducted July - September 2020 and 
conformed with the same legislation and guidelines as Experiment 1. 
The study aimed to investigate whether horses’ saliva cortisol differed 
between days with low and high insect prevalence, in a cross-over design 
with each horse as its own control. Thirteen horses from one stud were 
included (Group 1: Free indoor access: 6 mares, 12–19 years, 9 ha 
pasture, and Group 2: No access, 3 yearling stallions and 4 adult geld-
ings, 1–13 years, 15 ha pasture). We originally included an additional 
mare group without indoor access, but this group unfortunately moved 
location during the data collection period and was omitted. We selected 
two days with expected high insect prevalence and activity based on the 
knowledge gained in Experiment 1 (warm days with low wind speed: 
Aug. 6th and 9th) and two days with expected low insect prevalence 
(lower temperatures and high wind speed: July 7th and Sept 13th). On 
each of these test days, three saliva samples (a, b, c) were collected from 
each of the 13 horses between 12:00 and 18:00. Sampling alternated 
between groups, i.e. on one ‘Low’ and one ‘High’ day, sampling started 
in group 1, followed by group 2 and then returning to group 1 etc. and on 
the other sampling days, the order was opposite. In contrast to Experi-
ment 1, we used direct visual recording of biting insect prevalence on or 
within 1 m of the horses prior to each saliva sampling. Further, two 1- 
min video recordings were made per horse (5 min prior to collection 
of saliva sample a and b) for later analysis of insect-repelling behaviour 
(Table 3). 

5.1. Saliva cortisol 

Saliva was collected with Salivette® (Sarstedt, Nümbrecht, Ger-
many) cotton rolls placed loosely. 

onto the tongue of the horse with forceps for 1 min or until the swab 
was well soaked. The samples. 

were placed on ice in a transportable cooling box and transferred to a 
freezer within one hour. At the end of the day, the samples were 
transferred to the university’s freezer (− 20 ◦C) and were later defrosted 
and centrifuged for 10 min at 1000 x g. The samples were analysed using 
a commercial cortisol enzyme immunoassay kit (Arbor Assays, K003- 
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H5, Ann Arbor, Michigan, USA). The intra-assay coefficient of variation 
was 5.1%, the inter-assay variation was 6.3% and the minimal detect-
able concentration was 45 pg/mL. 

5.2. Data analysis 

Data on behaviour and saliva cortisol were analysed in a Two-way 
RM ANOVA with insect day (Low1, Low2, High1, High2) and group 
(Indoor access or No access) as explanatory variables. Post-test analysis 
was performed using an all pairwise multiple comparison procedure 
(Holm-Sidak method). For saliva cortisol, the mean of the three daily 
samples for each horse was used in the analysis. Data from a few horses 
were removed from the analysis: Horse 4 (Group1) on Aug 6th as she had 
been placed in an adjacent pasture with a new horse in the morning, 
prior to our arrival; Horse 13 (Group 2) on Aug 9th as he was clearly 
unwell and died a few days later, i.e. data missing from him on Sept 13th 
as well; Horse 9 (Group 2) on Sept 13th as he had been sold and had left 
the stud. 

6. Results – experiment 2 

Daily max temperatures and wind speed on the four selected days 
were: Low1 (Aug 7th): 15.4 ◦C and 6.1 m/s, Low2 (Sept 13th): 17.5 ◦C 
and 5.1 m/s, High1 (Aug 6th): 28.5 ◦C and 2.8 m/s, High2 (Aug 9th): 
28.7 ◦C and 1.7 m/s. On both low insect days, no tabanids or bot flies 
were observed around the horses, and biting flies were observed under 
the abdomen of a horse on a few occasions only (three of the 39 sampling 
times (3 samples x 13 horses) on Low1, and none on Low2). On both 
‘High’ days, tabanids, horse bot flies and/or biting flies were observed 
on or within 1 m of each horse prior to almost all saliva collections in 
horses without indoor access (High1: 100% and High2: 90.5%) and less 
frequently in horses with indoor access (High1: 55.6% and High2: 
33.3%). 

Tail swishing and skin shivering were again the most frequently 
occurring behaviours (28.0 ± 3.5 tail swishes and 8.4 ± 1.2 skin shivers 
per horse per min). There was a significant effect of day on the frequency 
of insect-repelling behaviour (total behaviour (freq/min): Low1: 
10.9 ± 3.8, Low2: 17.6 ± 4.3, High1: 81.1 ± 4.1, High2: 48.6 ± 4.3, 
F3,28 = 61.8, P < 0.001) with no significant effect of group, and no 
interaction. The post-test showed that all days differed significantly 
from each other (all P < 0.001), except Low1 and Low2 (P = 0.26). 
There was a significant interaction between insect day and group for 
other insect-repelling behaviour (i.e., without tail swish and skin shiver, 
F3,28 = 4.31, P = 0.013, Fig. 2a) as well as for the mean saliva cortisol 
concentration (F3,28 = 6.39, P = 0.002, Fig. 2b). 

7. Discussion and conclusion – experiment 2 

Horses without indoor access showed a higher frequency of the more 
intense insect-repelling behaviours, such as head tossing and leg 
stamping, on the two selected days with an expected high insect prev-
alence. Our results further suggest that insect nuisance gives rise to an 
increase in saliva cortisol concentrations in horses without indoor ac-
cess. The limited number of included horses as well as the unfortunate 
removal of the group of mares without indoor access means that sex, age 
and treatment cannot be separated in this pilot study. Thus, further 
studies are required to confirm this finding, including whether outdoor- 
kept mares also have elevated cortisol levels on days with increased 
insect activity. Nevertheless, we suggest that future studies include 
saliva cortisol rather than FCM for assessment of biting insect nuisance 
as saliva appears to be a more sensitive measure in this regard. 

The data collection days were selected from the official weather 
forecast, according to the results in Experiment 1, as well as previous 
studies suggesting that insect activity can be predicted from weather 
conditions (Gorecka and Jezierski, 2007; Baldacchino et al., 2014b). 
There was a significant increase in insect-repelling behaviour between 

‘Low’ and ‘High’ days – particularly on the first ‘High’ day, possibly 
reflecting variation in insect activity even with similar weather condi-
tions, or habituation or fatigue in the horses after several days with high 
insect-activity. Thus, although weather conditions roughly predict in-
sect activity, actual quantification of insects is necessary for more pre-
cise assessments, either through trap catches or through direct counts on 
the horses. The overall mean frequency of behaviour was comparable to 
the main study, e.g. the frequency of tail swishes per horse per min was 
29.4 in the main study and 28.0 in the follow-up study. 

8. General Conclusion 

The horses made extensive use of the provided indoor areas on days 
with high tabanid prevalence, and indoor access significantly reduced 
insect-repelling behaviour. Thereby, indoor access appears to provide 
horses with a refuge from biting insects and can improve horse welfare 
during periods of high insect activity. Despite the significant increase in 
insect-repelling behaviour on days with high tabanid prevalence, there 
was no corresponding increase in FCM levels in the main study, whereas 
a significant increase in saliva cortisol was found in horses without in-
door access in the follow-up study. Thus, saliva cortisol is potentially a 
better indicator of acute physiological responses to insect nuisance, 
whereas FCM levels, which are typically used to measure prolonged or 
chronic stress, did not increase in response to biting insect nuisance in 
the current study. Our study was performed in a relatively cold climate 
and further studies of horses in warmer and more humid climates with a 

Fig. 2. Follow-up pilot study: (a) Insect-repelling behaviour (except tail swish 
and skin shiver, mean ± SE per horse per min), and (b) saliva cortisol (mean 
± SE, pg/mL) on two selected days with an expected low insect prevalence 
(Low1, Low2) and two days with expected high prevalence (High1, High2), 
based on the official weather forecast. High temperature and low wind 
= expected high insect prevalence. Within group differences are indicated by 
different letters (P < 0.001 – P = 0.04). (a): Between group differences are 
indicated by * * (P = 0.003), (b): Between group differences are irrelevant as 
individual baseline values differ due to variation in age and sex. Results are 
based on a small sample size (Indoor access: n = 6; No access: n = 7). 
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potentially higher insect burden are required. 
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