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A B S T R A C T   

Urination in transponder-controlled roughage feeding stations is a widespread undesirable behaviour of group- 
housed horses. Urination on hard surfaces, such as the floor of the stations, is contrary to the natural elimination 
behaviour of horses because they prefer to urinate on soft, absorbent surfaces, and it increases ammonia emis-
sions around the stations. The following aspects were analysed: a) urination as potential displacement activity 
during feed anticipation, b) absence of appropriate elimination areas in the stable and c) ammonia odour as a 
trigger stimulus. We observed a group of 33 horses in three different situations: 1) baseline situation, 2) provision 
of elimination areas containing an absorbent substrate in front of the feeding stations and 3) neutralisation of 
ammonia odour in the feeding stations. In the baseline situation all horses were observed, regardless whether 
they urinated in the feeding station or not. In the other two situations, only the urinating-horses were observed. 
We analysed 5 h of video per day, recorded on 4 days from seven feeding stations in each situation. We used an 
information theory approach, calculating three different (generalized) linear mixed effects models and all ac-
cording sub-models. In the baseline situation, the horses showed that the horses urinated often after ‘ground 
exploration’, and there was more ground exploration in the urinating-horses than in the non-urinating-horses. In 
addition, a higher percentage of the mares than of the geldings urinated during at least one station visit, and 
mares urinated more often per visit than geldings. Before urination, the horses in most cases lowered the head 
toward the hay container to trigger the sensor and cause the station to open the partition and make the hay 
accessible. The time span between lowering the head and access to feed could be perceived as too long by the 
horses (maximum duration: 30 s) and lead to urination as a displacement activity. In addition, urination never 
occurred when the hay was accessible, only when the hay was inaccessible, closed, opening or closing. This leads 
us to conclude that urination is related to feed anticipation. The frequency of urination bouts was not reduced by 
installing additional elimination areas or neutralising the urine odour, so additional elimination areas and urine 
odour do not seem to have a role in the undesirable behaviour. Further research is needed to investigate a 
displacement activity or a classical conditioning in more detail to prevent urination by horses in automated 
feeding stations.   

1. Introduction 

In group housing systems for horses, technology is increasingly used 
to optimise labour efficiency. Automated feeding methods provide 
benefits not only in terms of labour but also regarding animal welfare. In 
transponder-controlled feeding stations it is possible to feed individu-
alised rations of hay multiple times per day without extended intervals 

between meals if enough feeding places are available, thus facilitating 
autonomous behaviour (Zeitler-Feicht, 2015; Kjellberg and Morgan, 
2021). However, there may be risks associated, e.g. agonistic behaviour. 
Studies have so far focused on reducing the frequency of conflicts in the 
area around automated roughage feeding stations (Zeitler-Feicht et al., 
2010; Baumgartner et al., 2022). Hence, automated feeding systems also 
bear unknown risks in terms of constraints in species-specific behaviour. 
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Another potential risk is that the horse has to wait for a partitioning 
board to open to get access to the roughage in the station. During this 
phase of feed anticipation, the emotional state of the horse can quickly 
turn from excitement to frustration (Hintze et al., 2017; Dietze et al., 
2019). 

For instance, group-housed horses in open barns with such feeding 
systems show an unnatural, although widespread, behaviour: they uri-
nate on a solid surface in the automated roughage feeding station next to 
the hay container. However, horses prefer a soft, absorbent surface for 
urination (Feist and McCullough, 1976; Sambraus and Zeitler-Feicht, 
2003; Zeitler-Feicht, 2015). Especially stallions and geldings avoid 
spraying their belly and legs with urine (Zeeb, 1992) and can withhold 
their urine for several hours if no adequate substrate is present 
(Sweeting et al., 1985). Thus, open barns with group-housed horses 
usually provide elimination areas covered with absorbent substrate 
(Fader, 2002). Nevertheless, the horses may urinate elsewhere and 
possibly in undesirable places. According to surveys in German language 
regions of Europe, this undesirable behaviour occurs with a prevalence 
of approximately 42% in group housing systems (Ellerbrock et al., in 
prep.). Urination in the feeding station leads to exposure to high and 
thus potentially harmful ammonia concentrations during the entire 
roughage intake. As a consequence, the risk of thrush (Brehm et al., 
2017) and respiratory tract irritation (Gerber and Straub, 2016) is 
increased. Moreover, large urine puddles can form inside and in front of 
the stations (Fig. 1). Managers from affected farms have reported that 
the residues from the urine and thus also the ammonia odour become 
persistent with time and cannot be removed with usual cleaning mea-
sures. In transponder-controlled concentrate feeding stations, which 
operate similarly to the transponder-controlled roughage feeding sta-
tions, undesirable urinating has very rarely been observed. 

In livestock farming, studies aiming to guide the urination behaviour 
of farm animals have been conducted because of the associated 
ecological and economic problems. For animal welfare and economic 
reasons it is highly important to reduce ammonia in the barn, but such 
work has not been done in horses (Varel, 2002; Leinker, 2007; Varel 
et al., 2007; Dirksen et al., 2020). 

To date, it is unknown what causes urination on solid floor in auto-
mated roughage feeding stations. The aim of the present study was to 
identify possible causes of this behaviour. We considered the following 
factors: a) urination as displacement activity during feed anticipation, b) 
absence of appropriate elimination areas in the stable facility next to the 
feeding stations and c) ammonia odour as a trigger stimulus for 
urination. 

2. Animals, materials and methods 

2.1. Animals and farm 

The study took place on a horse farm near Munich (Germany), 
housing 33 leisure horses (21 geldings and 12 mares) of different breeds 
and ages (range: 7–30 years). They were kept in an open barn where the 
undesirable behaviour of urinating in automated feeding stations had 
occurred regularly for many years. The open barn included seven 
automated roughage feeding stations (HIT single- and double-hay- 
dosing units, HIT Active Stable®, Weddingstedt, Germany), of which 
six were arranged in double stations and one was a single station. 
Adjacent to the lying halls, which were bedded with rubber mats, 
elimination areas had been established for years. In addition to the 
automated roughage feeding stations, there were two transponder- 
controlled concentrate feeding stations, in which no urination 
occurred during the observations. Straw was provided ad libitum in 
three panel feeding racks with 20 openings in total. The individual 
period of roughage availability per day in the automated roughage 
feeding stations was based on the body condition of the horses, judged 
by farm managers together with horse owners. One horse was given 
additional hay in a separate stall overnight because of his age, and one 
horse was ill throughout the period of the baseline situation, so he stayed 
in an individual stall. 

2.2. Materials 

Horses can enter transponder-controlled roughage feeding stations 
independently of their feeding time, which is checked via a sensor 
installed in the station in front of the hay container. When an incoming 
horse lowers the head toward the hay container and thus the sensor, the 
sensor detects the transponder that is implanted in the horse’s neck, 
woven into the mane or attached with a neck collar (Fig. 2a) (Kjellberg 
and Morgan, 2021). If the horse has feeding time left, the rear gate at the 
station entrance closes, and the partitioning board to the hay container 
opens. It takes approximately 30 s from transponder detection to full 
feed access. The horse can then access the hay through the opening. An 
infrared sensor, which is installed on top of the station and directed at 
the horse’s back (approximately at the withers), monitors the horse’s 
presence in the station. If this sensor does not detect a horse for 2 min, 
the partitioning board to the hay container closes. The individual 
feeding duration in minutes throughout the 24-hour day can be pro-
grammed for each horse on a central computer. The program should 
ensure a species-appropriate roughage intake that is spread evenly 
throughout the day with only short intervals between meals (Zei-
tler-Feicht, 2015). The recommendation of about 10 meals per 24-hour 
day was met on the studied farm. 

2.3. Methods 

On randomly selected days between late September and late October 
2021, we first assessed the baseline situation via video recordings. The 
recorded behaviours and events are listed in detail in Tables 1 and 2. 

Thereafter, two mitigation trials were conducted between mid- 
January and early April 2022. In Trial 1 we examined the absence of 
appropriate elimination areas in the barn as a possible cause of urination 
in the feeding stalls. For this purpose, additional elimination areas, 
about 20 cm deep and filled with wood shavings, were installed in front 
of the automated roughage feeding stations (Fig. 2b). Thus, before 
entering the feeding station, the horses had to walk across a latrine with 
soft, absorbent substrate that is attractive for urination because horses 
avoid splashing their own body while urinating (Fader, 2002; 
Zeitler-Feicht, 2015). 

In Trial 2 we examined the possible cause ‘ammonia odour as trigger 
stimulus’. For this purpose, the solid floor inside the automated 
roughage feeding stations was neutralised by spreading granulate citric Fig. 1. Feeding station where horses urinate frequently.  
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acid (citric acid monohydrate, Golden Peanut®, Garstedt, Germany; 
Fig. 2c). This treatment successfully aimed lowering the increased pH on 
the floor in the feeding stations and thereby reducing the colonisation by 
ubiquitous urease-producing bacteria (Leinker, 2007; Randall et al., 
2016; Ray et al., 2018). In each trial, the horses had an adaptation period 
of 3 weeks, after which the assessments were made over a study period 
of 14 days. 

For each situation (baseline situation, Trial 1, Trial 2), the observa-
tion period was 5 h per day (from 17:00 h to 22:00 h), and seven 
roughage feeding stations were evaluated on 4 days, resulting in 140 h 
of video material per situation. During the baseline situation, the aim 
was to investigate possible reasons for the urination. To this purpose, the 
urination behaviour was recorded in detail, as well as other behaviours 
and events that might be related to urination (see Table 1). Our goal was 
to evaluate the behavior immediately before the onset of the feeding 

Fig. 2. Illustration of the transponder-controlled roughage feeding station for horses with two feeding places: a) baseline situation, b) Trial 1 (adding appropriate 
elimination areas next to the feeding stations), c) Trial 2 (adding citric acid to neutralise ammonia odour, which could be a trigger stimulus for urination); H = hay, S 
= sensor, I = infrared sensor, E = entrance, Ex = exit, EA = elimination area, CA = citric acid. 

Table 1 
Behaviours and events with description and unit or category of measurement 
assessed in the studied situations. All behaviours and environmental conditions 
were recorded during the baseline situation. During the two mitigation trials, 
only the frequency of urination bouts and the number of visits in the feeding stall 
were recorded for those horses that had shown urination in the baseline 
situation.  

Behavioural 
category 

Recorded event Description Levels of 
measurement 

Elimination Urination bouts Occurrence of urination 
bouts 

Number per 
station visit  

Position of 
partitioning board 
to the hay 
container 

Position of the 
partitioning board at 
the beginning of 
urination 

Closed, opening, 
open, closing  

Feeding attempt 
before urination 

Lowering the head 
toward the sensor in 
front of the hay 
container maximally 
30 s before urinating 

Yes, no 

Ingestion Feeding bout Lowering the head 
through the opening 
and lowering the head 
to the ground directly 
Infront of the hay 
container. These 
behaviours indicated 
eating. (Hay was 
available on the ground 
when a previous horse 
had taken some 
roughage out of the hay 
container) 

Number of 
feeding bouts 
per visit 

Emotional 
state 

High arousal Aroused: ≥ 3 aggressive 
behaviours or pawing 
the ground indicating 
conflict- or frustration 
(seeTable 2) 

Yes, no 

Exploration 
behaviour 

Ground 
exploration 

Lowering the head 
toward the ground in 
the area between 
entrance and infrared 
sensor 

Number of bouts 
per visit  

Table 2 
Ethogram with social behaviours for evaluating the emotional state (modified 
after Goldschmidt-Rothschild and Goldschmidt-Rothschild and von, Tschanz, 
1978; McDonnell and Haviland, 1995; Burla et al., 2016; Baumgartner et al., 
2022).  

Behaviour Description 

Aggressive behaviours  
Facial threat expression The ears are pinned backward to the side of the 

horse’s neck to the rear. 
Threat to bite Threatening facial expressions where the mouth is 

opened, the head is turned to the side, the teeth can 
be shown temporarily. 

Head swing threat The horse moves its head and neck to the side with a 
threatening expression but closed mouth. 

Attack The horse moves in the direction of the exit (where 
potentially another horse stays) with a threatening 
gesture, the head is stretched forward. 

Threat to kick with hind leg The horse lifts one of the hind legs without 
extending it. At the same time, the horse shows a 
facial threat expression 

Indicating conflict- or 
frustration-related behaviour  

Pawing the ground The horse hits the ground with a foot more than 
once.  
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stations opening mechanism. Therefore, the time-period for which be-
haviours were considered to be related to urination was set at 30 s 
before urination took place. This time span was chosen because the 
partitioning board to the hay container took about 30 s to fully open. 
Further, a pretest revealed that the preparation of the horses to urinate 
(tail raise, leg positioning) lasted up to 30 s, thus supporting this 
approach. Behaviours that indicate a high level of arousal, while a sta-
tion visit, were additionally recorded (see Table 2). In the following, the 
horses that were observed urinating at least once in the baseline situa-
tion are described as the ’urinating-horses’. The horses that were not 
observed urinating at any time, in the baseline situation, are referred to 
as the ’non-urinating-horses’. During the two mitigation trials, only 
behaviours of the urinating-horses were recorded (number of station 
visits and frequency of urination bouts). If a horse did not enter any of 
the seven roughage feeding stations during the 5-hour observation 
period, the number of visits was recorded as zero, meaning that on the 
respective observation day, neither feed ingestion nor urinating was 
recorded for this horse. This was the case for three horses of the 
urinating-horses, once per horse, and for one horse of the non-urinating- 
horses. 

2.4. Statistical analyses 

Data were analysed in R version 4.3.0 (R Core Team, 2023). We 
calculated two linear mixed effects models and one generalized linear 
mixed effect model from three individual data sets with the ‘lmer’ and 
‘glmer’ function from the ‘lme4′ package (Bates et al., 2015). Two of 
these models were used to investigate potential influencing factors, 
using the data recorded in the baseline situation, whereas the third 
model tested the effect of the two mitigation measures (adding appro-
priate elimination areas in front of the feeding station and neutralising 
the ammonia odour with citric acid) on the frequency of urination bouts 
in the feeding stalls. One dataset included all horses including the 
non-urinating-horses (dataset: all horses), whereas a second dataset only 
included the urinating-horses in the baseline situation (dataset: urinat-
ing horses). A third dataset included the urinating-horses in the three 
different situations (baseline situation and two mitigation measures, 
dataset: urinating horses in the different situations). The computed 
models are shown in Table 3. 

The parameters for restricted maximum likelihood was set to false. 
After fitting the model, the residuals were tested for normal distribution 
and homogeneity of variance. If this assumption was not fulfilled, the 
data were logit transformed. This was the case for ‘frequency of 

urination’. 
As we followed an information theory approach, P-values are not 

provided because this approach to model selection is an alternative to 
the more common P-value-based hypothesis testing. Prediction models 
were calculated by bootstrapping with the ‘boot’ package (Davison and 
Hinkley, 1997; Canty and Ripley, 2022). The ‘dredge’ function (‘MuMIn’ 
package; (Burnham, 2002)) was used to find the best model based on the 
smallest Bayesian information criterion (BIC), smallest Akaike’s infor-
mation criterion (AIC) and largest model weight. The model weight can 
be interpreted as the probability that a specified model is optimal given 
the data in the set of models considered, where the model weights of all 
models in a given set add up to 1 (Symonds and Moussalli, 2011). The set 
was the maximum model described above and all simpler models 
including the null model. Although all models were run with the AIC and 
BIC, the BIC values were considered as the main result, because the BIC 
penalises complex models and as such selects the most functional model, 
whereas the AIC selects more complex models that best explain the data. 
The evidence ratio (ER) indicates how often the selected model is more 
likely to be true compared with the best model, and ER0 indicates how 
often the selected model is more likely to be true compared with the null 
model. If the delta of the AIC and BIC between the first two models is 
below two, the simpler model should be chosen (Symonds and Mous-
salli, 2011; Cockburn et al., 2017). Furthermore, the data were plotted 
with the ‘ggplot2′ package (Wickham, 2016). 

3. Results 

In the baseline situation, the feeding stations were entered 379 times 
(258 times by urinating-horses) during the 4-day observation period, 
regardless of urination bouts. In 65.7% (n = 249 of 379) of the total 
station visits, the horses received hay from the hay container (62.4% of 
visits of urinating-horses, n = 161 of 258; non-urinating-horses: 72.7%, 
n = 88 of 121). In 48.5% (n = 184 of 379), the horses ate hay from the 
ground (51.6% of urinating-horses, n = 133 of 258; non-urinating- 
horses: 42,1, n = 51 of 121). On average, the horses triggered the 
sensor and consequently received feed from the hay container 1.40 times 
(1.42 times in urinating-horses) during a visit in the roughage feeding 
station (see Table 4). 

At least one urination bout was observed in the automated roughage 
feeding stations in 19 horses (57.6%; N = 33). Among them were 11 of 
12 mares and eight of 21 geldings. The non-urinating-horses were one 
mare and 13 geldings. The total number of urination bouts in the feeding 
stations was 193 (Fig. 3), occurring during 138 visits of horses that 
urinated. Thus, horses urinated in 53.4% of the visits. In the urinating- 
horses, the probability of urination during a visit was higher in mares 
(X‾ = 0.619) than in geldings (X‾ = 0.314; Fig. 4A). 

If a horse showed the behaviour ‘urinating in the automated 
roughage feeding station’, it urinated on average 1.3 times during a 
visit. Mares were found more often than geldings to urinate more than 
once during a station visit (Fig. 4B). In addition, the mares urinating 
several times during a feeding station visit urinated several times per 
visit over the entire 4-week period. A high percentage (71.5%; n = 138 
of 193) of the urination bouts occurred when the partitioning board to 
the hay container was in a closed position. In 26.4% (n = 51 of 193) of 
the station visits, horses urinated while the partitioning board was in the 
process of opening, and in 2.1% (n = 4 of 193) of the visits while the 
partitioning board was in the process of closing. When the partitioning 
board was open, urination behaviour did not occur. In 66.8% (n = 129 
of 193) of the urination bouts, horses lowered their heads toward the 
sensor immediately before urination (see Table 5). 

Regardless of urination behaviour, the horses explored the ground 
108 times during 67 visits in total. In the non-urinating-horses, only one 
horse once performed this behaviour. In the urinating-horses, 62.6% 
(n = 67 of 107) of the cases of ground exploration were followed by 
urination behaviour. In comparison with the non-urinating-horses, we 
found that there were more urination bouts after exploring the ground 

Table 3 
Models created for the different data sets.  

Model 
evaluating 
situation 

Dataset Used 
Model 

Target 
Variablea 

Fixed 
effectsb 

Random 
effectsc 

Baseline All horses glmer UB S + FA 
+ EG 
+ G 

G/H 
+ TD 
+ FS 

Baseline Urinating 
horses 

lmer FU S + FA 
+ EG 

H + TD 
+ FS 

Mitigation 
measures 

Urinating 
horses in 
different 
situations 

lmer FU MM H + TD 
+ FS  

a UB = urination bout during feeding station visit (factor with two levels), FU 
= frequency of urination bouts during feeding station visit (numeric) 

b S = Sex (factor with two levels), FA = feed availability (continuous), EG 
= exploration of the ground (continuous), G = classification of urinating- and 
non-urinating-horses (factor with two levels), MM = mitigation measures (factor 
with 3 levels), / = nested 

c G = classification of urinating- or non-urinating-horses, H = horse (factor 
with 33 levels), TD = trial day (factor with four levels), FS = feeding station 
(factor with seven levels) 
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(BICw: 0.153; ER: 0.452). The model with the smallest BIC value 
observed an effect of ground exploration and group, but it was not 
selected owing to the selection criteria; because the BIC difference be-
tween the best and the second-best model was < 2, the simpler model 
was chosen, which included an effect of ground exploration (see  
Table 6). The model with the smallest AIC value contained ground 

Table 4 
Descriptive statistics of the recorded behaviours and events.  

Variable Sample Average frequency per visit Standard deviation per 
visit 

Maximum number per visit Number of visits Total 
number 

Hay from the hay container        
All horses 1.40 2.349 25 249 350  
Urinating horses 1.42 1.429 25 161 231 

Hay from the ground        
All horses 1.57 2.501 24 184 289  
Urinating horses 1.55 2.430 24 133 209 

Urinating        
Urinating Mares 1.49 1.140 8 108 161  
Urinating 
Geldings 

1.07 0.254 2 30 32 

Ground exploration        
All horses 1.61 1.154 6 68 108  
Urinating horses 1.60 1.169 6 67 107 

Before urinating Urinating horses 1.34 0.872 4 49 67  

Fig. 3. Total numbers of urination independent of a feeding station visit 
separated by sex (NGeldings = 32, NMares = 161). 

Fig. 4. (A) Probability of urinating in 
urinating-horses when visiting the station in the 
baseline situation, separated by sex (Ngeldings =

8, Nmares = 11; e.g., the point at 1.0 indicates, 
that one gelding urinated each time while 
visiting the station). (B) Frequency of urination 
bouts per station visit in the baseline situation, 
separated by sex (NvisitGeldings = 102, NvisitMares 
= 156). Boxplot with median, 25th to 75th 
percentile and extreme values (shown with 
dots). Numbers refer to the number of horses 
per sex (A) and the number of urination bouts 
per sex (B).   

Table 5 
Descriptive statistics of the recorded behaviours and events involving urination. 
The sample included only the urinating-horses.  

Variable Average 
frequency 
per 
urination 

Standard 
deviation 
per 
urination 

Maximum 
numbers 
per visit 

Number 
of visits 

Total 
number of 
urinations 

Lowering 
the head 
(toward 
the hay 
container) 
before 
urinating 

1.21 0.579 5 107 129 

Partitioning 
board at 
beginning 
of 
urination      

Closed 1.39 0.946 7 98 138 
Opening 1.04 0.455 4 48 51 
Open 0 0 0 0 0 
Closing 1.33 1.528 3 2 4  
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exploration, sex and group (AICw: 0.117; ER: 1) as fixed effects. 
Considering the ‘urinating horses’ dataset, an effect of ground explora-
tion and sex could be observed in the AIC (AICw: 0.195; ER: 1). The same 
effect could also be observed in the model with the smallest BIC value, 
but the model was not selected owing to the selection criteria. Therefore, 
the best model had an effect only of ground exploration (BICw: 0.352; 
ER: 0.736; see Table 7). 

The behavioural variables indicated high levels of arousal in 26.3% 
of the horses (five mares, one gelding). These horses showed high levels 
of arousal in 5.4% of the station visits (during 14 visits; the maximum 
was 27 times during one visit). Furthermore, we observed a horse that 
showed a posture typical of urination but was disturbed by another 
horse that was outside of the feeding station. The disturbed horse did not 
urinate and instead showed aggressive behaviours. 

In the model comparing mitigation measures, the null model (no 
effects) was the best model under BIC model selection (BICw: 0.958; ER: 
1), whereas the model under AIC selection indicated a mitigating effect 
for adding appropriate elimination areas in front of the feeding stations 
(AICw: 0.817; ER: 1). 

4. Discussion 

The present study is the first to investigate which causes could be 
responsible for the undesirable urination by horses in automated feeding 
stations and to what extend this behaviour could be prevented. The 
following factors were analysed as possible causes: a) urination as a 
displacement activity during feed anticipation, b) absence of appro-
priate elimination areas in the stable facility next to the feeding stations 
and c) ammonia odour as a trigger stimulus for urination. 

The analyses revealed that the probability of horses that urinated 
during a station visit and the frequency of urination bouts per visit were 

higher in mares than in geldings. In addition, 100% of urination bouts 
occurred while the partitioning board was in the closed position or in the 
process of opening or closing (i.e. while the hay was not yet or no longer 
accessible) and in 67% after the horses had lowered the head to get 
access to food. Ground exploration occurred more often in urinating- 
horses than in the non-urinating-horses and more often in mares than 
in geldings. Only a few horses showed high arousal during a visit to the 
feeding station. The mitigation trials did not result in any improvement 
in urination behaviour in the feeding station, although a potential 
improvement was observed when an appropriate elimination area was 
provided (Trial 1). 

The finding of more pronounced urination in mares (11 of 12) than in 
geldings (eight of 21) and mares urinating more frequently per visit 
could be related to male-specific urination behaviour on hard surfaces. 
Theoretically, according to Zeeb (1992), especially stallions and geld-
ings avoid spraying their belly and legs with urine. Oestrous behaviour 
could also be a reason for the frequent urinations of the mares. However, 
our observations were made in autumn, a season when mares rarely 
show oestrus-related behaviours (Aurich, 2009). Moreover, the mares in 
our study that did so during a visit in the feeding station urinated several 
times over the entire study period of 4 weeks. This observation contra-
dicts the hypothesis of oestrus-induced urination behaviour because 
horses show oestrous behaviour only for approximately 5 days (Engel-
hardt et al., 2015). 

As no urination was observed while the hay was accessible, this 
suggests that urination is related with feed accessibility and potentially 
feed-retention related frustration. Furthermore, in a majority of cases 
the horses urinated after lowering the head toward the sensor in front of 
the hay container. Our study also revealed that the horses had to trigger 
the sensor more than once to receive feed in the roughage feeding sta-
tions. This was due to technical problems with the sensor, which in some 
cases failed to recognise a horse in the station even if the horse was still 
present. In the most extreme case, a horse had to re-register for access to 
hay 25 times during a single feeding period. This circumstance was 
likely associated with negative emotions such as frustration because in 
the phase of feed anticipation, the emotional state of horses can quickly 
shift from ‘pleasant anticipation’ to frustration (Hintze et al., 2017). 

Table 6 
Model descriptions of the best model for the comparison with the urinating and 
non-urinating-horses including the simplest Model; The selected model is 
marked in bold. If the difference in the BIC/AIC between a simpler model and the 
best model was < 2, the simpler model was selected.   

Model 
parametera 

1. model 2. model 3. model 

BIC Fixed effectsb EG + G EG + S + G EG 
Model 
complexity 

10 14 2 

Model 
hierarchy 

1 2 3 

BIC 297.8 298.4 299.4 
BICw 0.338 0.253 0.153 
Δi 0 0.57 0.158 
ER 1 0.749 0.452 
ER0 Infinite Infinite Infinite 

AIC Fixed effectsb EG þ S 
þ G 

EG + S+ FA + G 
+

EG + FA + S + G 
+ FA *S 

Model 
complexity 

14 16 144 

Model 
hierarchy 

1 2 3 

AIC 266.9 268.1 268.5 
AICw 0.117 0.065 0.053 
Δi 0 1.18 1.59 
ER 1 0.556 0.453  
ER0 Infinite Infinite Infinite  

a Parameters used in the BIC- and AIC-based model selection. Model hierarchy 
= position in the BIC/AIC table, BIC/AIC = BIC/AIC value, BICw/AICw 
= Bayesian/Akaike’s weight representing the probability that the given model is 
the best, Δi = differences in the BIC/AIC in comparison with the best model, ER 
= evidence ratio indicating how often the selected model is more likely to be 
true compared with the best model, ER0 = evidence ratio indicating how often 
the selected model is more likely to be true compared with the null model 

b EG = ground exploration, S = sex, G = group, FA = food availability, * = an 
interaction between variables 

Table 7 
Fixed effects of the best model from the model selection table for only consid-
ering the urinating-horses in the baseline situation; The selected model is 
marked in bold. If the difference in the BIC/AIC between a simpler model and the 
best model was < 2, the simpler model was selected.   

Model parametera 1. model 2. model 

BIC Fixed effectsb EG + S EG 
Model complexity 6 2 
Model hierarchy 1 2 
BIC 423.0 423.6 
BICw 0.478 0.352 
Δi 0 0.61 
ER 1 0.736 
ER0 Infinite Infinite 

AIC Fixed effectsb EG þ S EG + S + EG*S 
Model complexity 6 22 
Model hierarchy 1 2 
AIC 398.1 398.8 
AICw 0.195 0.144 
Δi 0 0.61 
ER 1 0.738 
ER0 Infinite Infinite  

a Parameters used in the BIC- and AIC-based model selection. Model hierarchy 
= position in the given BIC/AIC table, BIC/AIC = BIC/AIC value, BICw/AICw 
= Bayesian/Akaike’s weight representing the probability that the given model is 
the best, Δi = differences in the BIC/AIC in comparison with the best model, ER 
= evidence ratio indicating how often the selected model is more likely to be 
true compared with the best model, ER0 = evidence ratio indicating how often 
the selected model is more likely to be true compared with the null model 

b EG = ground exploration, FA = food availability, S = sex 
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Ricci-Bonot and Mills (2023) set the period of food anticipation to 10 s 
with a period of one minute of frustration at waiting for a reward. This 
time period corresponds well to the common duration of the opening 
phase of the partition in our study. The negative emotional states 
(frustration and disappointment) were characterized by more abnormal 
behaviours like “biting feeder”, “tongue show” and “chewing” (Ricci--
Bonot and Mills, 2023). Horses in single housing systems show 
frustration-related behaviour while anticipating feed arrival (Dietze 
et al., 2019). In such a situation, horses can show spontaneous urination 
as a form of frustration or displacement activity (Zeitler-Feicht, 2015). 
In the present study, the horses could enter the automated feeding sta-
tion anytime regardless of their allowed feeding time left. The length of 
the waiting period between two meals differed individually, and even 
for horses with feeding time, it took approximately 30 s until the feed 
was accessible. 

The relatively long waiting period between detection by the sensor 
and feed receipt might also contribute to increased frustration in the 
roughage feeding stations. An additional indication for this is the finding 
that the horses in our study did not urinate in the two automated 
concentrate feeding stations although these operated with the same 
mechanism. A major difference was that in the concentrate feeding 
stations the horses directly accessed the feed and did not have to wait 
30 s until the feed was accessible. 

Based on our behavioural assessment 26% showed signs of high 
arousal. During high arousal, the sympathetic nervous system is acti-
vated in the body. Physiologically, the activity of the sympathetic ner-
vous system inhibits the emptying of the bladder, whereas in restful 
situations the parasympathetic nervous system is activated and is said to 
promote body functions such as emptying of the bladder (Engelhardt 
et al., 2015). The fact that horses urinate only in a relaxed situation was 
illustrated by one of our studied animals. This horse was about to urinate 
when another horse approached the feeding station, whereupon the 
former interrupted the urination behaviour and instead displayed 
aggressive behaviour coinciding with increased arousal. In future 
studies, the level of high arousal could be assessed by measuring the 
heart rate and heart rate variability, which can provide an objective 
assessment to indicate if the sympathetic or the parasympathetic ner-
vous system is being activated in certain situations (Scopa et al., 2018; 
Ketonen et al., 2022). Dietze et al. (2019) found that a delay in feed 
provision during the phase of feed anticipation induced an increase in 
the frequency of abnormal behaviours as well as increased changes be-
tween different abnormal behaviours. Scopa et al. (2018) suspects that 
abnormal behaviours, such as vacuum chewing, are calming behaviours 
used during or after stressful events. Because the feeding stalls were only 
observed from behind, we were not able to record facial expressions of 
the horses. The limited assessment of behaviours indicative of high 
arousal could be a reason why we found an increased level in only 26% 
of the horses. The delayed access to feed and, consequently, the 
emotional impact could impair the wellbeing of the horses in the 
transponder-controlled automated feeding stations and should be 
investigated in more detail. Installing additional cameras focused on the 
horses` head would help to reliably assess the emotional state. There-
fore, the Horse Facial Action Coding System (EquiFACS) could be a 
useful tool (Carmo et al., 2023; Ricci-Bonot and Mills, 2023). 

Because urinations mostly occurred after the lowering of the head 
toward the sensor and when the partitioning board was in the closed 
position, a classical conditioning is also conceivable. The first urination 
bout in a feeding station may have been a random behaviour caused by 
arousal or urine odour. During the next station visit (recurring situation) 
it is possible that the forthcoming access to feed subconsciously induced 
the urge to urinate. In this case, the horse does not consciously control 
the urination (Knipsel, 2007). Whereas with operant conditioning the 
horse may have learnt that urination is necessary to obtain food and it 
would urinate and expect to receive food afterwards (Kappeler, 2012). 
Both classical and operant conditioning or a combination of them are 
possible causes of urination. However, there are no research results on 

the conditioning of urination in horses in our study. 
As a further hypothesis, we tested the effect of additional and 

adequate elimination areas with sufficiently absorbent substrate. They 
were installed in front of the entrance to the automated feeding stations. 
Therefore, the horses had to cross these elimination areas when they 
entered the stations. We found no relevant reduction in urination in the 
feeding stations, in contrast to the results of Sambraus and Zeitler-Feicht 
(2003). In their study, the horses urinated less frequently inside the 
feeding stations in two of the three open barns if an elimination area was 
present in front of the entrance to the station. Moreover, Muggenthaler 
et al. (2010) could observe that the horses urinated in ninety-five 
percent on a soft non splashing surface if there is one available. 

Another hypothesis was that urine odour might be a trigger stimulus 
for urination. In the baseline situation the different results of the linear 
mixed effects models indicated an effect of ground exploration whereby 
more urination occurred after ground exploration. Moreover, whereas 
ground exploration was only shown once by one horse in the non- 
urinating-horses, 63% of the urinating-horses showed this behaviour 
before urination. Furthermore, mares did not only urinate more often 
than geldings but they also explored the ground more often. Thus, 
ground exploration was likely related to urination. In a further trial we 
treated the urine-contaminated floor area in the automated feeding 
station with citric acid to lower the pH and thereby inhibit the activity of 
the ubiquitous enzyme urease and neutralise the ammonia odour 
(Leinker, 2007; Troccaz et al., 2013; Randall et al., 2016). Although the 
treatment was successful in lowering the pH, the frequency of urination 
bouts in the feeding stations was not reduced by this mitigation measure. 
For several animal species, odorous substances in urine can be trigger 
stimuli for various behaviours, including urination (Nielsen, 2020). 
However, our results did not confirm the hypothesis that the ammonia 
odour stimulates the urination behaviour of the horses and thus the 
frequent urinations in the automated feeding stations. As we could only 
reduce the ammonia odour but not the other substances (e.g., phero-
mones), this could be a reason why the urination could not be reduced in 
the mitigation measures. Theoretically, the effect of ground exploration 
on urination might be associated with scent-marking behaviour, which 
is typical for stallions and possibly geldings (Ödberg and Francis-Smith, 
1977; Tschanz, 1978; King and Gurnell, 2007). However, in the present 
study, mostly mares showed urination after ground exploration. 

5. Conclusion 

The results of our study show that many of the urination bouts in the 
automated feeding stations occurred in the context of feed anticipation 
and thus are probably caused by frustration. The time span from 
lowering the head to actual access to feed might be perceived as too 
long. In addition, our results suggest that various motivations can 
underly urination in the feeding station (e.g. frustration, absence of 
appropriate elimination areas, urine odour). In addition, conditioning of 
urination behaviour to the subsequent access to feed cannot be 
excluded. The neutralisation of ammonia odour and an adequate posi-
tioning of the elimination areas did not reduce the frequency of urina-
tion bouts in the feeding stations. Future studies on the prevention of 
urination behaviour in automated feeding stations should be conducted 
to assess the effects of automated feeding methods on the psychological 
and physical wellbeing of horses. Such studies could include measure-
ments of heart rate, heart rate variability and salivary cortisol as phys-
iological indicators of arousal or stress as well as more cameras to 
observe the whole area around the stations. A useful approach would be 
to re-engineer the feeding station in a way that the horses can access the 
roughage directly and do not have to wait 30 s until they receive feed. 
Comparing a fast versus a slow opening partitioning board would help to 
further assess the causes of urination. 
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