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Introduction

Stereotypies are repetitive, relatively invariant actions considered abnormal when they
occur without any primary function. Since function of any behaviour is seldom obvious,
stereotypy has been recently redefined as repetitive behaviour induced by frustration, repeated
attempts to cope and/or central nervous system dysfunction. This new definition poses new
challenges to research, as the development of stereotypies is a long process and little is know
about their origin; possible central nervous system dysfunctions are difficult to study; and

coping function of a behaviour detrimental to the health of the animal might be questionable.

Stereotypical behaviour is widespread amongst captive animals and is the cause for much
concern with regards to animal welfare. Most common stereotypies in horses involve
weaving, box-walking (locomotor stereotypies), crib-biting and wood-chewing (oral

stereotypies) with a mean prevalence of 4%, 2%, 4% and 18%, respectively.

Wood-chewing is often confused with crib-biting although the two behaviours are
different. Crib-biting usually involves grasping onto fixed horizontal surfaces with the incisor
teeth, contracting the strap muscles of the ventral throat, retracting the larynx caudally and
emitting of a grunt called “wind-sucking”. During wood-chewing the wood is eaten by the
horse from a number of different sites within its stable or in the paddock, and is never

accompanied by the grunting sound called wind-sucking.

Certain breeds, like Thoroughbreds are more likely to be affected, and it is a commonly
held belief that horses may learn to crib-bite from affected horses. Although controlled
experiments or epidemiological studies have never supported such beliefs, it is not uncommon

that stereotypic horses are kept isolated from other horses.

Crib-biting is primarily associated with feeding of concentrates; being most frequent
during and particularly following consumption of meals. The bases of this relationship are
being widely investigated, although the exact mechanism is not well known. Crib-biting may
represent an unsatisfied foraging need, or more likely a visceral discomfort as grain feeding
can cause large intestinal acidosis. Its function might be to lower gastric acidity by increasing
saliva production. It can be initiated by the release of endogenous opioids triggered by eating
concentrates, or by altered basal ganglia function. Recent studies suggest that upregulation of
transmission in midbrain dopaminergic pathways has important role in equine stereotypy

development. The impaired basal ganglia function found in crib-biting horses might be



associated with visceral discomfort, as well as with predisposed genotype or with early life

experiences involving stress.

Basal ganglia dysfunction may also express itself in lower learning abilities. Crib-biting
horses were less successful and required longer time to perform an instrumental task and
persisted more during extinction of a positive reinforcement operant task than control horses.
Furthermore, crib-biting horses failed to recognise differences in short versus long delays to
reinforcement in an instrumental choice procedure. Learning differences exhibited in
behaviour tests among crib-biters and control horses raise the question whether the trainability

of crib-biting horses is also affected.

Since crib-biting is associated with tooth-erosion, weight loss, altered gut function, gastric
inflammation/ ulceration, and epiploic foramen entrapment colic, the economical value of the
horse may decrease, and it is also considered an unsoundness. The importance of reducing the
incidence of crib-biting is supported by such undesirable consequences. Detection might be
difficult, as novel environment may temporarily prevent performing this unpleasant

behaviour.

Crib-biting is probably the most detrimental abnormal stereotypy in horses, prevention of
its development is very important. Once established, stereotypies are difficult to change;
therefore prevention is of great concern. Previous studies indicate that equine stereotypies are
attributed mainly to the reduced eating time due to low fibre cereal based concentrate diets,
lack of social contact and the restrictive nature of the stable environment from a locomotor
perspective. Treatment methods of crib-biting usually include attempts to prevent grasping of
objects, to interfere with wind-sucking and to introduce punishment for grasping and neck-
flexion, or suggest the use of acupuncture, pharmaceuticals, operant feeding and
environmental enrichment. The most common prevention method is the collar. It has been
shown that wearing collar causes stress and even with collar horses may continue to perform
crib-biting. A surgical procedure designed to treat crib-biting, the modified Forssell’s
operation, is gaining popularity among horse-owners. The procedure involves the removal of
the ventral branch of the spinal accessory nerves and the myectomy of m.omohyoideus,
m.sternohyoideus, m.sternothyroideus. Previous studies focused solely or mainly on the
degree of stereotypy inhibition, complications and side-effects of this procedure. None of
them have recorded measurable welfare or stress parameters. If crib-biting has the function to
reduce stress, prevention may cause disturbances in the coping response of the horse to stress

challenges.



Aim of the studies

1. To investigate the risk factors of stereotypic behaviour in horses, and to see whether

exposure to a stereotypic neighbour has a significant effect;

2. To compare the performance of classification methods used in risk factors analysis,
such as the logistic regression model, the classification tree and the conditional

inference tree methods;

3. To conduct a questionnaire survey on equine temperament and compare

‘Nervousness’, ‘Trainability” and ‘Affability’ between crib-biting and control horses;

4. To develop a crib-biting triggering stress-test in order to prove the presence of this

behaviour more accurately

5. To assess the success-rate of the modified Forssell’s procedure, its implication for the
welfare, and to compare the stress coping ability of surgically treated horses to that of

collar treated, crib-biting and control (non-stereotypic) horses



Experiment 1.

Methods

We performed a questionnaire survey to detect potential risk factors of stereotypic
behaviour (crib-biting/wind-sucking, wood-chewing, weaving, and box-walking) on 287
horses by visiting nine riding schools in Hungary. The survey items focused on subject
variables, housing, management conditions, food regime, stereotypies and problematic
behaviour (e.g. aggression or door opening/knot-untying behaviour) performed by the
individual horse or by a horse in its visual contact (neighbour horse). Horses not further than
three boxes away and in three boxes across the aisle facing the given individual were

considered neighbours.

Generalised linear mixed models were used to determine which of the survey answers were
the best predictors of the presence or absence of a stereotypic behaviour. Riding school was

considered as a random variable, and its effect was calculated within the statistical models.

Results and discussion

Prevalence of stereotypic behaviour in the nine Hungarian riding schools was not different
from those of other countries. Results showed, that exposure to a stereotypic neighbour is a
significant risk factor for performing stereotypy (odds ratio: 7-21). Also, aggressive behaviour

towards other horses increased 4-11 times the risk of stereotypy in the aggressor.

The nature of the relation between aggression and stereotypies is poorly understood.
Dominant horses are usually more aggressive, and foals of dominant mares are more likely to
develop abnormal behaviour, perhaps because they are sensitive to even slight restrictions.
Others believe, however, that both stereotypies and aggression are a common consequence of
frustration. On the basis of our epidemiological studies we cannot state that neighbours have a
causal effect on stereotypic behaviour. Even if such effects are substantiated by other studies,
isolating stereotypic horses is bad management because social deprivation enhances stress and
attenuates stereotypic behaviour. Careful monitoring of the horses for early signs of enhanced
displacement behaviour is important to prevent the establishment of stereotypies. Horses
susceptible to developing stereotypies might be moved away from stress agents, including

stereotypic neighbours.



Experiment 2.

Methods

To illustrate the effectiveness of tree-based methods and to compare them to logistic
regression, the data set on risk factors of crib-biting in horses presented in Experiment 1. was

re-analyzed.

An important difference between these two statistical approaches is that logistic regression
makes a number of assumptions about the underlying data, whereas tree-based methods do
not. Another difference is that logistic regression can be used to derive odds ratios for the
significant risk factors, while tree-based methods create a tree, where the ramifications
represent the risk factors. The probability of occurrence is assigned to each end of branch in
the tree. The brief description of the algorithm is as follows. In each first step an explanatory
variable and a threshold is selected and the sample is split into two groups. That variable and
threshold is selected that leads to the split with the most homogeneous groups with respect to
the outcome variable. The process results in a tree-like structure of groups, also called nodes,
in which each node has two “child nodes”. Terminal nodes, or branches of the tree, define the
classification of subjects. For building classification and conditional inference trees, the rpart

and party add-on packages of the R 2.7.2. Statistical Software were used.

Results and discussion

Both methods found the two main risk factors reported in Experiment 1., but the number of
risk factors revealed by logistic regression were less in quantity compared to the tree-based
methods, and also the number of correctly classified stereotypic horses was less. According to
tree-based methods, it seems like that the influence of crib-biting neighbours on crib-biting
behaviour in horses may manifest itself only in special circumstances. Additionally, results
showed that horses show crib-biting behaviour more likely if housed in stalls and tethered
with a rope. Tethering as a method of managing horses is considered unsatisfactory from
many points of view. In Denmark keeping horses tethered is legally prohibited. Our results

underline the importance of these actions.

In summary, we can conclude that tree-based methods are useful tools in finding risk

factors, or even for data mining, alone or together with logistic regression method.



Experiment 3.

Methods

In this study, we conducted a questionnaire survey on equine temperament to test the
hypothesised differences between crib-biting and control horses (i.e. lower learning abilities
and reduced stress tolerance in crib-biting horses). Where possible, control horses (N=50)
were selected from the same establishment as the crib-biters (N=50). Groups did not differ

significantly regarding age, breed, gender training level or usage (competition or leisure).

The questionnaire has been previously shown to reliably measure ‘Anxiety’, ‘Trainability’
and ‘Affability’ temperamental traits. Principal component analysis has revealed that the
‘Anxiety’ factor is based on items reflecting ‘Nervousness’, ‘Excitability’, ‘Panic’,
‘Inconsistent emotionality’, ‘Vigilance’, ‘Skittishness’, and ‘Timidity’. ‘Trainability’ is based
on ‘Concentration’, ‘Trainability’, ‘Memory’, and ‘Perseverance’. ‘Affability’ contains items
as ‘Friendliness toward people’, ‘Cooperation’, ‘Docility’ and ‘Friendliness toward horses’.
Differences in the obtained factor scores between control and crib-biting horses were tested
by using general linear models, where the effect of age, breed, gender, training level, usage

and their possible interactions served also as independent factors.

Results and discussion

Temperament traits were not affected by age, gender, breed or training level, but the usage
of the horse and the presence of crib-biting behaviour had a significant effect. Competition
horses had lower level of ‘Anxiety’ (p=0.032) and higher level of ‘Trainability’ (p=0.068)
than leisure horses. Owners reported crib-biting horses have significantly lower level of
‘Anxiety’ than control horses (p<0.001), while ‘Trainability’ and ‘Affability’ did not differ
between groups (p=0.823 and p=0.543, respectively).

Competition horses, as well as their riders, might have become more habituated to
frightening stimuli since these horses are usually exposed to a wider variety of stimuli and
have higher training level than horses used for leisure activities. It is also possible that more
supple horses are favoured for competition purposes, and that the rider of a competition horse

might have more experience defusing nervous behaviour of the horses.



Previous studies reported crib-biting horses to be less reactive when challenged as
compared to control horses. Crib-biters were reported to have lower basal vagal and higher
sympathetic tone than control horses, resulting in less flexible physiological reactivity when
facing a stressor. We suggest that the virtual calmness and lower nervousness of the crib-
biting horses might be due to the passive coping style of these animals. Contrary to
expectations, scores on ‘Trainability’ had not coincided with the impaired learning of crib-
biting horses reported in laboratory tests. However, previous behavioural tests on equine
learning rarely had a direct relevance to the training abilities of the horses. ‘Affability’ of
horses, on the other hand, might be more related to housing and management conditions than

to crib-biting.

It seems that impaired learning abilities of crib-biting horses obtained in the laboratory

tests do not predict learning deficiencies in training.



Experiment 4.

Methods
In this study we present an effective stress-test for triggering crib-biting in horses. In this

study we used 12 crib-biters (4 moderate and 8 severe crib-biters) and 4 control horses.

Five minutes before the test the horses were tighten to their box with a rope long enough so
they could reach the ground. The test lasted for 20 minutes and responses were first and last
5-5 minutes no other stimuli were given to the horse. After that, the experimenter was walking
up and down in front of the box and was making noise with a bowl filled with oats (feeding-
bowl) to direct attention to the bowl. Seven minutes after the start the feeding-bowl was
placed in front but out of the reach of the horse. The feeding-bowl stayed there for eight
minutes, meanwhile tidbits were given to the horses (~5 grams oats was taken from the
feeding-bowl into the feed bin with delivery duration of ~10 sec) three times. Two minutes
after the 3rd tidbit the bowl was removed, and for five minutes no stimulus was presented,
however, the horses stayed tied up. Behaviour was videotaped continuously throughout the
test and the total time spent with crib-biting behaviour was calculated and compared among

control horses, moderate -, and severe crib-biters by using general linear models.

Results and discussion

The test induced crib-biting behaviour in 10 of the 12 examined crib-biters. None of the
control horses showed stereotypic behaviour. Horses that were categorised by the owners as
moderate crib-biters spent 4.6 + 3.3% (mean + S.E.) of the total time with oral activities
whereas horses categorised as severe crib-biters performed it significantly longer, 27.1 + 6.4%

at (ty=-3.286, p=0.010).

The reported test is easy to conduct, and may trigger crib-biting in a relatively short period
of time in most crib-biters. The test gives reliable information about the severity of crib-
biting, therefore it might be considered as a useful tool in research or field-veterinarian

practice as well.
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Experiment 5.

Methods

The aims of our study were to assess the success-rate of the modified Forssell’s procedure,
its implication for the welfare, and to compare the stress coping ability of 13 surgically treated
horses to that of 13 collar treated, 13 crib-biting and 13 control (non-stereotypic) horses.
Differences between the four groups were tested by the reported crib-biting triggering stress-
test. Behaviour and heart rate variability (HRV: LF/HF ratio) of the horses were recorded
throughout the test. R-R intervals were recorded by Polar® Equine S8101 heart rate monitor.

Hypotheses were tested by linear mixed model analyses.

Results and discussion

In the present study we found that crib-biting horses spent more time with oral activities,
primarily with cribbing than controls or inhibited horses, whereas their stress level as
indicated by heart rate variability were indistinguishable from controls and significantly lower
than that of the inhibited groups. Overall our results suggest that performance of oral
stereotypies in a stress situation successfully diminishes stress, while inhibition of such

stereotypy elevates it. Thus crib-biting may be a true coping strategy.

Control horses were usually trying to reach the feeding-bowl while present and were
standing still afterwards, whereas the other three groups had not really made efforts to obtain
the food but performed or tried crib-biting. Control and crib-biting horses showed good stress-
adaptation to the challenge since their HRV, after an initial increase, returned to the basal
value. Both collar and surgical treatment inhibited crib-biting successfully, though not totally.
These horses could not use crib-biting behaviour to “flight”, but at the same time, they did not
have the impetus to “fight” (obtain the food). HRV of both collar and surgically treated horses
remained elevated and showed large oscillations throughout, showing that these horses failed

to find a successful coping behaviour.

Since prevention may significantly increase distress, inhibition in itself is insufficient.
Along with prevention, the motivation of the horse to perform crib-biting should be addressed
also. In addition, considering that prevention by collar or surgery did not result in significant
behavioural or physiological differences, the superiority of the modified Forssell’s procedure

compared to the collar treatment is questionable.
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New scientific results

I showed empirically for the first time in the literature that exposure to a stereotypic
neighbour has significant effect on the odds of horses performing stereotypic

behaviour.

I demonstrated that tree-based classification methods are useful tools in finding risk
factors, or even for data mining in veterinarian science, alone or together with logistic

regression method

I compared the temperament traits of crib-biting and control horses with a previously
validated personality questionnaire. I showed that the passive coping strategy of crib-
biters is responsible for the lower level of ‘Nervousness’ in crib-biting horses
compared to control horses. No differences were found regarding ‘Trainability’ or
‘Affability’. With that I demonstrated that the previously reported impaired learning of
stereotypic horses does not affect the horse’s performance or trainability in a negative

way.

I have developed a crib-biting provoking stress-test, which does not require any
special paraphernalia and trigger crib-biting behaviour successfully in a relatively
short period of time. The test also gives reliable information about the severity of crib-

biting, therefore it is a useful tool in both research and field-veterinarian practice.

With the help of the developed crib-biting provoking stress-test I compared the stress-
coping abilities between control and crib-biting horses (with or without inhibition).
Inhibition of crib-biting behaviour either by collar or modified Forssell’s surgical
procedure decreased crib-biting to a similar extent. No significant behavioural or
physiological differences were found between the two prevention methods. I showed
that performance of oral stereotypies in a stress situation successfully diminishes
stress, while inhibition of such stereotypy elevates it. Thus crib-biting has proven to be
a true coping strategy. Therefore, inhibition without changing the motivation of the

horse to perform the replacement behaviour is unsatisfactory and insufficient.
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