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ABSTRACT 

Paul McGreevy Ph. D. Thesis 
Division of Animal Health and Husbandry September 1995 
Bristol University Veterinary School 
Langford 

The Functional Significance of Stereotypies in the Stabled Horse 

Surveys were conducted to determine the prevalence of weaving, crib- 
biting/wind-sucking, box-walking and wood-chewing in Thoroughbred 

racehorses and performance horses. Logistic regression analysis showed that 
increases in the prevalence of abnormal behaviour on Flat and National Hunt 
training yards were associated with feeding small amounts of forage, the use of 
bedding types other than straw and box designs that limited contact between 
neighbouring horses. Increased prevalence of abnormal behaviour among 
eventing and dressage horses was positively correlated with time spent in the 
stable. 

Videofluoroscopic and endoscopic studies, conducted on crib-biting horses, 
showed that deglutition was not involved in this behaviour and that air 
distending the cranial oesophagus did not elicit peristalsis. Behaviour and 
nutritional studies showed that unthriftiness in crib-biters may occur, if planes of 
nutrition are critical, because these horses expend energy performing the 
behaviour while spending less time resting and nourishing themselves. 

Crib-biting showed a post-inhibitory rebound suggesting that an internal 
motivation to crib-bite rises during periods of deprivation. This suggests that 
mechanical or surgical attempts to prevent crib-biting may compromise the 
welfare of stereotypic horses. 

The adaptation of two techniques from human gatro-enterology (radiopaque 
markers and sulphapyridine uptake) identified physiological differences 
associated with crib-biting including diet-dependent changes in total gut and 
foregut transit times. Gut motility was also affected by the short term deprivation 
of eating and crib-biting together. The behavioural and physiological 
consequences associated with depriving horses of crib-biting were also assessed 
using heart rate monitors, behavioural sampling and plasma levels of cortisol and 
beta-endorphins. Although crib-biting did not affect circulating beta-endorphin 
levels, elevated plasma cortisol levels were found when crib-biting and eating 
were prevented. It is suggested that crib-biters are more stress-susceptible than 
normal horses because their cortisol levels were elevated before and during short 
periods without food and crib-biting substrates. 
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CHAPTER 1. INTRODUCTION 

1.1. The Behaviour of Feral Horses and Domestic Horses at Grass. 

Introduction. 

All the breeds, groups and types of domestic horses belong to one species 
Equus caballus, despite their sometimes great morphological differences. 

Populations such as "mustangs" and "brumbies" which are found roaming 
in North America and Australia are feral representatives of this species. 
The last wild sub-population to vanish was the Przewalski horse which 
became extinct in the wild in the 1950s (Mohr, 1971). These survive today in 

captivity and in recently re-introduced wild populations in France and the 
Ukraine. Crosses between domestic and Przewalski horses give offspring 
which are fertile in both sexes despite their diploid chromosome number of 
65 (Bokonyi, 1984). Crosses with asses, zebras and onagers are possible but 

the hybrids are normally sterile. 

Apart from a brief introduction to feral horse behaviour, I have elected to 

concentrate, in this chapter, on behaviours that are thought to relate to the 

suggested causes of behavioural anomalies. These are considered further in 
Chapter 1: 5. 

Herd size and Social Behaviour. 

Feral horses that are able to engage in social behaviour without human 
interference typically organise themselves into two different types of herds. 
One type, commonly called the family band, consists of several mares, their 
foals and one or more stallions (Klingel, 1982; Keiper and Sambraus, 1986). 
If there are several stallions associated with the family band, the most 
dominant stallion copulates more than do the more subordinate stallions 
(Feist and McCullough, 1976; Keiper and Houpt, 1984; Miller and Denniston, 
1979; Salter and Hudson, 1979). The other type of band, commonly referred 
to as the bachelor herd consists entirely of males (Keiper, 1986). 

Herd size tends to vary with population density (p. d. ): for example it can 
range from 12.3 in Shackleford Banks, on the eastern coast of the United 
States, with a p. d. of 11 individuals/km2 (Rubenstein, 1981) to 3.3 in Wassuk 
Ridge, in the Nevada Desert, with a p. d. of 0.1. (Pelligrini, 1971). However, in 
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working ponies that are seasonally managed on a free-living basis, groups of 
30 or more have been reported (Fraser, 1992). Home ranges that incorporate 

grazing sites, waterholes, shade, windbreaks and refuges from insects can 

vary in area from 0.9 to 48 km2 (Keiper, 1986). 

Social behaviour in feral horse populations is more common than 

territorial behaviour in that if one band of horses encounters another, any 
defensiveness shown usually appears to be an attempt to maintain the 
integrity of the band rather than to defend a site (Waring, 1983). Exceptions 

to this rule have been recorded on narrow barrier islands e. g, Shackleford 
Island where two-thirds of harem groups maintain well-defended 
permanent territories which do not overlap. Under free-range conditions, 
even where the territory is extensive, group bonding is important to the 

extent that horses maintain visual contact with each other continually 
(Fraser, 1992). 

Affiliative behaviour between females is important because mares of an 
established band remain together even in the absence of a stallion (Crowell- 
Davis, 1993). These affiliations may have their origins in foal associations 
since fillies tend to spend more time with other fillies than with colts 
(Crowell-Davis et al., 1985). Daughters also tend to remain closely associated 
with their dams (Kiley-Worthington, 1987; Waring, 1983). Pair bonds are 
often of particular importance among equids and are demonstrated by 

reciprocal following, mutual grooming and standing together (Kolter, 1984). 
Most horses have one or more preferred associates with whom they 
maintain proximity much more than with other herd members (Clutton- 
Brock et al., 1976). Preferred associates receive more total aggression than do 

other herd members which are not preferred associates, but proportionately 
more of the aggression directed against preferred associates is mild, such as 
laying back of the ears rather than more severe aggressions, such as kicking 
(Ellard and Crowell-Davis, 1989). 

The distinction between dominance-subordination and tolerance- 
attachment is one which appears to be gaining favour (Kolter, 1984). The 
degree of tolerance applicable to a herd member by the highest ranking 
individual generates a sub-system of preferred status within the dominance 
system. By increasing the length of time for which a favoured subordinate is 
allowed access to a resource, this sub-system modifies the influence of social 
structure on interactions and feeding. The herd has evolved for individual 
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protection against predators and its cohesion is maintained by a variety of 
mutually beneficial behaviours such as allogrooming and tail-to-tail fly- 

swatting. 

Agonistic behaviour is also dependent on herd size since, in small groups, a 
linear dominance hierarchy is usual while triangular and more complicated 
relationships can develop in large herds (Estep et al., 1993). Once a 
dominance hierarchy has been established, aggression becomes more 
ritualised. The use of the term "dominance" is somewhat controversial 
since some authors highlight avoidance behaviour on the part of 
subordinates as being the main activity necessary for the maintenance of the 
order. In view of this, it has been argued (Fraser, 1992) that avoidance order 
is a better measure of the social system than the "aggression order". 

Ingestive Behaviour. 

Foals often nibble at blades of grass in their first day of life (Crowell-Davis et 
al., 1985; Tyler, 1972) and then gradually increase their intake of solids. 
Grazing is the usual means of ingestion in the adult but browsing is also 
adopted particularly when grass becomes scarce (Fraser and Brownlee, 1974; 
Burton, 1992). Legumes and grasses are preferred to shrubs and herbs 
(Archer, 1971; Collery, 1974) but there is apparently no correlation between 
gross energy of a given species of forage and the amount voluntarily 
consumed. While preferred grasses had variable fibre and soluble 
carbohydrate contents, they had significantly higher water contents and 
lower sodium concentrations than non-preferred forages (Archer, 1973). 
Olfaction plays a significant role in diet selection particularly in the way 
horses avoid areas contaminated with equine faeces (Odberg and Francis- 
Smith, 1976; Francis-Smith, 1977). 

Horses spend an average of 10 to 12 hours a day grazing (Ralston, 1986; Tyler, 
1972; Feist and McCullough, 1976), however when forage is scarce the 
grazing period may exceed 19 hours (Rubenstein, 1981). Peaks in foraging 
occur in the early morning and late afternoon (Tyler, 1972) with bouts of 
feeding lasting from 30 to 240 minutes (Ralston, 1986). Time budgets for 
feral horses (Boy and Duncan, 1979, figure 1.1. ) are similar to those of 
domestic horses at grass (Ralston et al., 1979), with a similar diurnal rhythm 
of foraging (Kern and Bond, 1972). 
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While nursing foals rarely drink since they rely on milk for their supply of 
fluids (Carson and Wood-Gush, 1983a; Crowell-Davis et al., 1985), drinking 

in weaned animals is related to ambient temperature, water availability and 
lactational status (Crowell-Davis et al., 1985). 

Locomotion is an integral part of grazing behaviour and horses cover large 

areas because they seldom take more than two mouthfuls in one spot before 

moving on to the next (Archer, 1971; Archer, 1973; Francis-Smith et al., 1977; 
Fraser, 1992). Social facilitation strongly influences grazing in the horse 
(Rifa, 1990). Furthermore, it may be that the rate of looking-up during 

grazing and drinking (Crowell-Davis et al., 1985) is an important anti- 
predator strategy (Elgar, 1989) that is mathematically related to herd-size. 
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Eliminative Behaviour. 

Horses tend to show considerable care in the selection of defecation sites 

since they return repeatedly to the same same area. This prompts the 
development of so-called latrine and lawn areas (Tyler, 1972). While 

geldings stand within these latrine areas to defaecate, mares tend to face 

them and this has the effect of spreading the area of rank grass (Carson and 
Wood-Gush, 1983b; Rees, 1984). Despite the rarity of territories, stallions 
indicate their presence by piling their faeces. When he encounters a mare's 
dung, a stallion urinates on it. Although mares do not urinate in particular 
places, their behaviour during urination becomes more elaborate when they 

are in oestrus since they maintain a straddled stance for longer periods than 

when in anoestrus and often tilt their hind toes until one no longer bears 

weight (Fraser and Broom, 1990). This stance may act as an inviting visual 
signal for stallions since they have been observed rushing excitedly towards 

urinating mares (Tyler, 1972) 

Kinetic Behaviour. 

Horses have been shown to travel on open ranges (e. g., to water) up to 65- 
80km daily. For pastured horses, movement during grazing is the main 
initiator of locomotion and this figure has been estimated at 20km daily 
(Fraser, 1992). The distance that grazing horses travel depends on the 
location of water, the availability of food and the time that has been spent 
foraging. Another estimate of 4km of locomotion has been made for horses 

spending 13.2 hours grazing (Negi et al., 1993). 

While locomotion is an integral part of equine anti-predator strategy and 
ingestive behaviour, it is also used in communication and courtship. 
Furthermore its role in recreation is considerable e. g., 75% of the kinetic 
activity of foals is in the form of play (Fraser, 1980). 
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Resting behaviour. 

Light sleep is more common than deep sleep in horses (Dallaire, 1986; 

Fraser, 1992) as one might expect given that an upright standing position 
cannot be employed in REM (rapid eye movement) sleep, although it is 

possible in SWS (Slow wave sleep). Sleep is only a fraction of rest 
behaviour, which also includes drowsing, resting and idling (Dallaire and 
Ruckebusch, 1974; Fraser, 1983). Horses have been observed to spend 85% of 
the 24 hour period in wakefulness or drowsing with the proportion of 
drowsiness increasing in a single individual when in a protected 
environment (Fraser, 1992). 

The aspects of equine behaviour that have been outlined above are among 
those that are change most dramatically in husbandry systems that involve 
housing. The process of domestication that has culminated in the housing 

and intensive management of working, performance and leisure horses is 

considered in the following section. 
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1.2. Domestication of the horse 

Introduction 

While early horses would have provided their keepers with hitherto 

unattainable mobility and power, the herding of horses probably had its 

origins in the consumption of horseflesh (Levine, 1993). Hunters favour 

meat such as that of horses because it has a high glycogen content. As a 

source of dietary sugar, this facilitates endurance which is important for 

members of hunting cultures. In the Palaeolithic, our ancestors hunted big 

game by driving them over cliffs and into traps and pitfalls. They continued 

to do so for thousands of years often to the extent that they that they had a 

pivotal effect on population numbers (Bokonyi, 1984). Horses became 

extinct in North and South America, from hunting pressure, but what is 

known as the "true horse" (Equus caballus) survived in Eurasia but with 

patchy distribution (Forsten, 1989). 

Archeological evidence of horse domestication dates from 4,000B. C. (late 

Neolithic or Bronze Age) in the Eurasian Steppes of the Ukraine (Bibikova, 

1967). This is where river-valley agricultural economies evolved which 

relied on the use of stone enclosures to trap large numbers of game. The 

numbers involved in a draft often exceeded the immediate demand for 

consumption and prompted the maintenance of surviving herd members to 
be slaughtered at a later stage. From studies of the bone remains found in 

middens of europoid hunters and herders, the first pastoral species seems to 
have been bovine. Equids were then used in a similar fashion which 

exploited their tendency to form strong herd-bonds (Anthony, 1986). 

A colder climatic shift that affected this region around 3,500 B. C. is thought 
to have favoured equids rather than other domestic or wild herbivores 
because, being large and long-legged, they were better able to forage in snow. 
The prevalence of horses in Ukrainian communities saw a dramatic rise at 
this time with horse bones comprising 74 per cent of animal bones at a site 
known as Dereivka in the eastern Ukraine (Telegin, 1986). Evidence of 
domestication at this site includes this dramatic rise and the predominance 
of colt skeletons. Some authors (Bibikova, 1970; Bokonyi, 1984) maintain 
that colts are more likely to have been the products of domestication than of 
hunting parties which tend to harvest older animals which are more often 
mares. Other workers suggest that the vast majority of horses at this time 
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were hunted (Levine, 1993) but in highlighting the presence of skeletal 
differences especially, signs of bit-wear on some molars (Anthony and 
Brown, 1991) suggest that at least one horse at this site was ridden. 

Horse remains at Dereivka have been characterised as large-headed, short 
and heavy-set (Bibikova, 1967). This sounds reminiscent of the Przewalski 
horse which survived wild in outer Mongolia until recently. In fact, with 64 

chromosomes, the first ancestors of Equus caballus are unlikely to have been 

closely related to E. przewalski that has 66 chromosomes. However, cross- 
breeding between E. caballus and E. przewalski does produce fertile offspring 
and there are similarities in their serum proteins and their blood groups. 
Therefore, they could be part of a single species exhibiting chromosomal 
dimorphism as occurs in the Asian ass (Equus hemionus) (Ryder, 1977). 

Prior to the beginning of domestication, in the late Pleistocene, long-term 
isolation of equid populations occurred (Waring, 1983). This led to the 
distinct species that exist today. True horses (caballines) occupied the 
Eurasian lowlands north of the great mountain ranges, while the asses 
(hemiones) occupied the and zones of Asia. Equine remains found in the 
Siberian permafrost suggest the presence of two distinct types of caballine 
horse: the small, cold-blooded type described above and finer-boned 
"Oriental" types of up to 14.3 hands (150 cm). This bigger and swifter type 

was probably the forebear of our modern "warmblooded" animals (so 

named because of their adapted suitability to hotter climes): Arabians and 
Thoroughbreds. 

Early farmers had to have some means of preventing usual migratory 
dispersal but men on foot, even if they were accompanied by trained dogs, 
would be be no match for galloping horses (Anthony, 1991). For this reason, 
horses were domesticated after cattle, pigs, sheep and goats which were 
easier to herd. Only when riding was attempted did the herding of horses 
become possible. The emergence of equestrian cultures is likely to have 
brought with it an increase in hit-and-run warfare. This suggestion is borne 
out by the effective use of the horse by American Indians in the last century 
which resulted in the unprecedented rise in conflicts and accumulation of 
wealth leading to the tribal supremacy of the Sioux, Comanche and Apache 
(Ewers, 1955). 
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Many authors have discussed the introduction of modern equestrian 
techniques (Schulman, 1957; Moorey, 1970) and the development of the bits, 

saddles and stirrups (Telegin, 1986, Hancar, 1955; Azzaroll, 1985) each having 

a military advantage. The use of driving horses has also been acknowledged 
(McMiken, 1990) since chariots were effective in warfare as mobile platforms 
for archers. The management of warhorses was chronicled but the emphasis 
in these accounts seems to have been upon the training, nutrition (Probst, 

1977; Anderson, 1961) and medical care (Cohen and Sivan, 1983) of the 

animals rather than their housing. 
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Early Horse Housing. 

The horses brought over to the British Isles by the Roman conquerors would 
have included a variety of heavy, "cold-blooded" and less weather-tolerant, 
"warm-blooded" animals. Archeological evidence (Walker, 1973) suggests 
that they were small by modern standards. 

Evidence of how Roman horses were housed is rather cryptic, remnants 

often being confined to urine and manure staining on chalk beds and teeth 
in feeding channels. However, a site at Hod Hill in Dorset (Toynbee, 1973) 

appears to have been particularly well studied. Two types of stable division 

were noted and the pattern of chalk-compression and the extent to which 
hooves had mixed this with manure gave the investigators an impression 

of how the stock were secured within the building. In one type of 
compartment, measuring 12 feet by 11 feet, three horses might have been 

tethered to the wall, their dung falling into a six-foot channel to the rear 
which also permitted access by grooms. The other compartment appeared to 
have accommodated six horses which again were tethered facing the wall. 
Measuring 12 feet by 18, this house comprised a central dunging passage 
which was communal to both rows of horses. 

Information regarding accommodation for military horses since that time is 
limited. Smith (1927) indicates that the British Army billeted horses in lines 

and did not have stables until a programme of building barracks and stables 
began in 1792. Of these stables little is known except that they were not 
ventilated and therefore precipitated considerable losses from glanders and 
other respiratory disease (Smith, 1976). Coach houses from the same era 
used stalls rather than individual boxes which were the reserve of 
individual saddle horses. 
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Historical accounts of stereotypic behaviour. 

Stereotypic behaviour is not described in early texts on horsemanship and 
stable management (Xenophon, 400 B. C. ) but archaeologists use erosion on 
the incisors of equine skulls as an indicator of crib-biting and therefore 
domestication. Donkey teeth gathered from what are thought to be ancient 
sites of worship in Syria have shown signs of wear which have been likened 

to the erosion one finds in crib-biters (Clutton-Brock and Davies, 1993). The 

current prevalence of crib-biting in donkeys is low (J. French, pers comm. ) 

and, while it is possible that crib-biting was more common in the past and 
has been selected out of the population to some extent, it seems strange that 
three of the five donkeys in this site had this stereotypy. The use of incisor 

erosion as a means of confirming that the bearer is or was a crib-biter 
remains controversial because pre-purchase evidence of erosion is cited in 
instances of litigation when the vendor fails to declare the behaviour 
(Richardson, pers comm). In archaeological circles, incisor wear has been 

used, amid similar controversy, to identify palaeolithic horses as crib-biters 
(Bahn, 1980). 

This link between crib-biting and domestication is made in the belief that 
stereotyped behaviour only occurs in animals that have experienced 
captivity. Furthermore, the assumption that this wear is invariably the 
result of an oral stereotypy is not without hazards since sandy soils and 
particular species of grass may produce similar erosion of enamel on the 
labial surface and the tables of the incisors. More convincing evidence of 
domestication may lie in bit-wear and the staining of the molar teeth by 
copper which would appear to be consistent with the use of copper bits. 

As well as crib-biting and a number of other so-called "stable vices", weaving 
is described in a number of antique texts on equine husbandry (Lawson, 
1828; Youatt, 1846; Lupton, 1884). It is also reported in captive examples of 
wild equids such as the Onager and Mountain Zebra (Holzapfel, 1939) and 
Przewalski Horses (Boyd, 1986). 
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1.3. Modern Stable Management 

Introduction. 

just as domestic horses are put to a number of uses, so they are housed for a 
number of reasons and in stables of varying design. The most common 
issues around the "whys" and "hows" of intensive horse management are 
considered below. 

Reasons for Stabling Horses 

Horse-owners throughout the world house their animals for a number of 

reasons. Among these, the most important is often the need to spare 
limited grazing areas from the damage of poaching, especially where horses 

are kept in regions of heavy precipitation. The danger of disease associated 
with exposure such as "rain-scald" and "mud-fever", in these regions can be 

reduced by providing shelter and appropriate prophylaxis. Therefore, the 

economics of pasture management can prevail over horse welfare when 
owners consider stabling their horses for the winter. 

By stabling their horses, owners can eliminate food-stealing by dominant 

conspecifics and can have more control over food quality and intake. With 

an eye towards early detection of disease, food and water intake are easier to 

monitor in the stable than the field. During the winter, time spent 
mucking-out and bedding a horse can be offset by the time saved by not 
having to groom thick layer of mud off the horse prior to exercise. Clipping, 

made more feasible by the fact that the horse is sheltered, adds to this 

advantage since clipped horses sweat less in response to heavy work than 
their counterparts in a full winter coat and are therefore easier to clean. 

Stabling may be favoured by the owners of horses that are difficult to catch 
when at pasture. The limit on kinetic activity that is imposed by stabling is 
considered advantageous by trainers of performance horses since they can 
more easily control the amount of daily exercise taken by their charges. 

Health advantages may accrue from stabling since injuries can be more 
effectively rested, worms can be better controlled and flies are less numerous 
than at pasture. 
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Apparent advantages for the horses of being stabled include freedom from 

bullying, shelter (from sun, wind, rain and flies) and a reduced physical 

requirement to work (e. g, forage) for food. 

Stable Design. 

There are few publications on the design of stables and these have been 

based largely on extrapolations of recommendations for shelter and 

ventilation of agricultural species. UFAW (1978) state that for a horse of 

average size, 500-600 kg body weight and 1.5-1.6m (15-16 hands), the loose- 

box should be at least 4x 4m and preferably 4x 5m. Ensminger (1969) states 
that except for foaling mares and for stallions, there is no advantage in 

having box stalls larger than 12 feet square. Evans et al. (1969) note that the 

popular size is 12 feet x 12 feet and that 10 feet x 10 feet is adequate for young 
horses but suggests that the more time the horse spends in the stall, the 
larger it should be. There are several differences between the housing of 
horses compared to that of other farm animals. A survey of racing stables in 

the South-west of England found that floor space varied between 8.76m2 and 
21.8m2 with a median of 12.1m2 per horse (Jones et al., 1987). This compares 
favourably with the floor space provided for other agricultural species per 

unit of body size (Sainsbury and Sainsbury, 1979). Horses usually have 

individual living areas, and a much greater labour input per animal is 

present in stables than with farm-animal housing. 

While box designs have been suggested by agricultural engineers and by 
horselore, there appear to be no recommendations in management texts 
about the amount of time that the occupants of these quarters should spend 
within them on a daily basis. There are a number of reasons for protracted 
confinement including inclement weather, locomotory illness and isolation 

of contagious pathogens. Given that Evan et al. (1969) advocate the 
provision of more space for animals which are turned out less regularly, it 
could be argued that the design of stables should meet the needs of the 
"worst case scenario" which precipitates withdrawal of the daily turn-out 
period. The episodes of enforced confinement are popularly noted as being 
contemporaneous with the onset of stereotypies (see appendix i). 

The traditional layout of a stable-yard includes the quadrangular enclosure 
of a central lawned area by boxes whose doors and windows face inwards. 
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Walkways in many yards pass close to these portals and expose stabled 
horses to the unpredictable and arousing movement of conspecifics. 
Therefore, it has been suggested that regimented geometrical 

accommodation of this sort makes relaxation difficult for, the occupants 
(Rees, 1984). Despite problems with air hygiene, barn-style housing (in 

which horses are housed individually, under one roof, in pens made largely 

from bars and grilles) which facilitates communication between 

neighbouring horses is increasing in popularity. 

Modern stable management brings with it a number of disadvantages for 

both owners and horses. For the owner, the disadvantages of keeping their 

animals in stables rather than at grass revolve around time and money. 
Time-commitments in stable management include bedding and feeding as 
well as having to exercise the confined horse on a more regular basis than its 

grazing equivalent in order to maintain the same level of fitness. 

From the horse's perspective, the ways in which stabling can compromise 
movement, health and behaviour are considered below: 
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Movement 

The relative lack of space may prevent the stabled horse from rolling easily 
and may precipitate casting. Confinement within loose-boxes is common 
and is an important limitation on the amount of exercise that a horse can 
take through choice. It has been suggested (Fraser, 1992) that voluntary 
kinesis indicates that, rather than being simply a substratum for most 
behaviour, locomotory activity has a motivation of its own. However, the 

possibility of motivation for spontaneous locomotion is a contentious area 
because there is often difficulty in eliminating motivation to perform other 
behaviours for which locomotion is a prerequisite e. g., intrinsic exploration 
(Nicol, 1986). 

Although unacquainted horses from different yards may be mixed on a 
national and international scale for equestrian competition, isolation is 

often practised when new horses arrive on a yard in a bid to control the 
spread of pathogens. Should such animals perform an unwelcome 
behaviour pattern, they will often remain in isolation, since stereotypies are 
traditionally regarded as contagious and virtually incurable. 

The extent to which stabled horses can see conspecifics is restricted. In a 
loose box, this can often only be achieved by looking over the stable door 

while many stalls restrict visibility further by having tall dividers between 
neighbouring pens. 
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Health. 

The continual proximity to faeces and urine may be aversive and may also 
have an impact on health since humidity and air-borne pathogen viability 

may rise where air-changes per hour are insufficient (Jones et al., 1987). An 

unnatural foraging posture, e. g. eating from a hay-net for extended periods 

rather than from the ground, may compromise the function of the ciliary 

escalator in the respiratory tract (Racklyeft and Love, 1990) and precipitate 

pulmonary disease. Rhabdomyolysis (Rose, 1983) and chronic degenerative 

joint disease (Richardson, 1992) are often exacerbated by the physical 

restriction which accompanies extended periods of stabling. A stable with 
insufficient or uncomfortable bedding may limit willingness of its occupant 
to lie down (Schramm, 1988). This is thought to be associated with a fore- 

shortening of the horse's working life (Hayes, 1968). Stabling has also been 

implicated as a predisposing cause of one of the most dreaded and frequently 

fatal equine disorders; colic (Fraser and Manolson, 1979). 

Behaviour. 

Behaviour is a response to an organism's environment and the more 
restrictive an environment is, the more limited are the choices available to 

the organism. It is possible that where choice is limited or eliminated, 
welfare may be compromised (Wiepkema, 1983). Choice allows animals to 

perform the behaviours that are important to them (Dawkins, 1983) 

although the choices they make are not exclusively in the direction of their 
own welfare (Duncan, 1978). While the debate about environmental choice 
in the welfare of animals continues, there appears to be a number of ways in 

which modern stable management limits choice. 

Choice may also be reduced in feeding behaviour when horses are stabled. 
While the feral or pastured horse may spend 70% of its day foraging, stabled 
horses on "complete diets" may spend 10% of their time feeding (Marsden, 
1993). The other feature of ingestion which is affected by being stabled is the 
proportion of roughage and concentrates which are available. There is 
considerable anecdotal evidence for the effects of diet on behaviour in the 
horse (Waring, 1983; McBane, 1987) but little has been done to determine the 
relative importance of factors such as energy, protein and fibre levels. 
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The time at which food is made available often adheres to a strict regime, 

which may have variable implications for gastro-intestinal function. The 

designation of such feeding times may be more with the convenience of the 

operator than the needs of the subject in mind. 

The common practice of providing limited bedding to save money can affect 

choice by reducing the extent to which the horse can comfortably lie down. 

In defence of deep litter bedding, however, it has been noted that horses lie 

down on beds of this sort rather more than do horses at grass or on daily 

mucked-out beds (Kiley-Worthington, 1987) 

At pasture, horses choose their affiliates and will spend time interacting 

with them, for example, while playing or allogrooming (Rees, 1984). On a 
stable yard, managers tend to dictate the distribution of horses with 
efficiency of service in mind rather than the associations which have been 

established between pairs of horses at pasture. There are no data on the 

effects of separating horses from preferred companions, or exposing them to 

agonistic approaches from neighbours. 

While some military horses are still communally watered on a three times 
daily basis, modern textbooks of stable management rarely commend the 
limited availability of water. However, the maxim that food should not be 

given before exercise and that water should not be offered after food probably 
represents a considerable limitation on the choice that stabled horses can 
exercise in terms of drinking behaviour (Hinton, 1978). 

Therefore, while it has many advantages for the horse-owner, the stable can 
be viewed not simply as a source of physical confinement but also as a 
limitation on behavioural choice. The changes in equine behaviour of 
horses that are associated with confinement and limited choice are 
considered in the two sections that follow. 
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1.4. Normal Behaviour in Stabled Horses. 

Domestication affects behaviour (Ratner and Boice, 1975) not least because it 
limits the amount of space in which stock are able to range. This limitation 

can be effective from day one of life since many foals, especially valued 
thoroughbreds, are born indoors (Rossdale, 1970). 

Space is certainly restricted when horses are housed, particularly so in the 

case of standing stalls. This view is a contentious one since Marsden (1993) 

maintains that the 24-hour time budget of horses kept in tie-stalls is similar 
to that when they are kept at pasture. This was based on the fact that, in 

stalls, horses showed no significant increase in the time they spent 
performing abnormal behaviour. The proximity of neighbouring horses 

was thought to facilitate social behaviour more than is the case in 
individual loose boxes. It may be that the small sample size (n=4) could 
have resulted in the inadvertent selection of horses that were especially 
unreactive and not predisposed to perform stereotypies. This work did, 
however, indicate that stalled horses spent significantly less time lying down 

and moving, with significantly more time standing in stalls than at pasture. 
Further time budget studies are shown in figures 1.2 - 1.4. 

Feeding behaviour in stables seems to show the most marked difference 
from that at pasture since concentrated rations may be consumed more 
rapidly than a pure forage diet. The appearance of so-called "complete diets" 
for competition or maintenance that can be eaten in less than two hours has 
removed the feeding behaviour of stabled horses even further from its 
evolutionary origins. Horses have not been observed to fast voluntarily for 
more than 3 to 4 hours (Ralston et al., 1979) but spells of this sort are 
imposed on many stabled animals. It has been shown that after 2 or 3 weeks 
of continuous access to a single feed, ponies stabilize their bodyweights, 

consuming 2 to 3 per cent of their bodyweight in dry matter in a 24 hour 
period (Ralston, 1986). Despite this finding in support of ad libitum feeding 
of housed equids, stable managers prefer to control intake, since it is known 
that to do otherwise is to risk temperamental volatility and metabolic 
disorders e. g. laminitis. 

It has been argued that the hypnogram of a species can be used as an index of 
adaptation (Ruckebusch, 1975). It is interesting, therefore, that while 
drowsing accounts for 8 per cent of the resting time of stabled horses , this 
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figure has been shown to rise to 14 per cent at pasture (Dallaire, 1986). The 

concomitant dietary differences which prevail at grass and in the stable may 
play a role in this phenomenon since a preliminary study in ponies has 

shown that, when oats replaced hay in the diet, total rest time increased 
(Dallaire and Ruckebusch, 1974). 

The physical limitations imposed on a horse by stabling means that kinetic 
behaviour is more difficult to perform than it is at pasture. There are no 
published data available regarding the daily total of steps taken or distance 
covered in a loose box but these tallies would certainly be minimised in 
stalls. 

The importance of social behaviour to stabled horses has yet to be quantified 
with consumer demand theory but anecdotes that describe horses 

performing an operant response such as undoing a door bolt with their lips 
to escape from the stable may indicate that housed individuals will work in 

order to return to their conspecifics. It is known that frightened riding 
horses may bolt in a bid to return to their fieldmates apparently because of 
an innate preference for the presence rather than the absence of equine 
company (Summerhays, 1975). There is considerable data to suggest that 
isolation can be aversive (Houpt et al., 1981; Houpt et al., 1984; McCall et al., 
1985; Mal et al., 1991). Since the choice of equine neighbours in a stable yard 
is dictated by the manager rather than the horses themselves, bonded 
affiliates may be separated while individuals with mutually low tolerance 
may be housed next to one another. Disruption of an established social 
structure in this way may be associated with heightened aggression 
especially at times of concentrated food delivery (Keiper, 1986). 

Generally, the opportunities for social interaction with conspecifics, 
favoured or otherwise, are minimised by the individual housing of horses. 
While olfactory, auditory and visual communication can often occur 
between stabled neighbours, tactile communication which is of considerable 
importance in groups of horses (Feh and de Mazieres, 1993; Dougherty and 
Lewis, 1993), is rarely possible in most stable designs (Jones et al., 1987). 
Similarly, interactions such as mutual fly-swatting cannot be performed by 
isolated horses. 

While stallions and occasionally geldings create stud-piles of faeces in the 
stable, eliminative behaviour in the stable differs markedly from that in the 
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paddock, since the occupants cannot easily avoid contact with their urinary 
and faecal waste. Since fresh layers of bedding regularly prompt urination in 

male equids, some consider this a form of marking (Rees, 1984). 

In conclusion, it seems that equine behaviour undergoes considerable 
modification when animals are removed from pastured (or feral) 

environments and placed in a stable. 
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1.5. Abnormal Behaviour in Stabled Horses 

Introduction. 

Most changes in ingestive, eliminative and social behaviour that follow a 
horse's move from an extensive to an intensive management system are of 
little concern to the animal's owner. However, behavioural changes that 
are directly deleterious to the stable or the well-being, usefulness and value 
of its occupant are regarded as being abnormal. These behaviours are 
considered below: 

Tradition has maintained that stabled horses which did not behave as their 
owners required did so as a form of disobedience. Such miscreants were said 
to have "vices" whether they ate their faeces, bit their grooms or refused to 
lie down (Hayes, 1968). Far from elucidating the reasons for these 
unwelcome behaviours, this "umbrella" term tended to put the blame for 
them on the horses themselves as if they had malicious intent. In 1912, 
Moseley described one such "vice", crib-biting, as "a form of mental 
masturbation". However, while still saddled with a label that implied 
viciousness, the same behaviour in 1959 was recognised by Summerhays as 
being induced by confinement. Applied ethology has developed since then 
and serves to examine shortfalls in management that may have prompted 
the behaviours. Behaviours that have been described as "vices" (Hamilton, 
1980) are now better categorised as follows: 
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a) Redirected Behaviour. 

When a behaviour (e. g. an act of aggression) is directed away from the 

primary target and toward another, less appropriate object, it is said to be 

redirected (Fraser and Broom, 1990). The term must be used with caution 

since it requires that the observer has correctly identified the primary target. 

For example, horses that eat their bedding material are thought by some to 

be performing a redirected behaviour which meets their physiological needs 
for dietary fibre (Ralston, 1986). Others regard this as a form of coprophagia 
if the bedding is soiled, but since the remedies advocated involve increasing 

the provision of roughage which redirects the behaviour back to its 

evolutionary target, the distinction is descriptive rather than functional. 

Coprophagia is regarded as an adaptive behaviour in foals (Francis-Smith 

and Wood-Gush, 1977; Crowell-Davis and Houpt, 1985; Crowell-Davis and 
Caudle, 1989) but as being an ethopathy in older individuals (Fraser, 1992). 

Another common example in equine husbandry systems is wood-chewing 

which is regarded as an ingestive behaviour that would be more readily 
directed toward grass or other palatable fibre were it available (Ralston, 1986). 

However, it is known that horses at pasture will chew wood (Crowell-Davis 

et al., 1985; Krzak et al., 1991, McCall 1993) which implies that our 

understanding of the causes of this behaviour is incomplete. It is possible 
that the ingestion of small quantities of bark may be adaptive as a means of 

acquiring micronutrients (Ralston, 1986). 

b) Over-stimulation or under-stimulation of behavioural systems. 

While lack of stimulation is often cited as a cause of anomalous behaviour 
(Fraser, 1992; Bush, 1992) including apathy, the opposite also merits 
consideration in the ontogeny of unusual behavioural strategies linked to 
housing. Kiley-Worthington (1987) indicates that too much noise, 
excitement or exercise can cause overstimulation as can the presence of too 
many horses and humans to mix with socially. Raised levels of arousal in 
these horses may make them generally more reactive when being handled 
in the stable (Rees, 1984). Similarly inappropriate levels of stimulation are 
thought to cause psychopathologies such as hyperphagia nervosa (Fraser, 
1992) and polydipsia nervosa (Buntain & Coffmann, 1981) 
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c) Learned behaviour. 

Learning in companion animals is often not recognised and is therefore 

regularly misinterpreted. This often involves superstitious learning 

whereby a response is acquired as a result of its accidental contiguity with a 
reinforcer (Lieberman, 1993). Misinterpretation arises because the handler is 

unaware of the cues that his presence or actions represent to the animal. A 
bizarre example is a case of psychogenic colic which was associated with a 
demand for human company (Murray and Crowell-Davis, 1985). 

Another example is learned aggression to humans that can evolve as a 
result of inappropriate associations between agonistic posturing and the 

unwitting delivery of a food reward. Thus, arrival of the handler prompts 
hunger-motivated head-threatening behaviour which is reinforced by the 
consequent acquisition of food as the human retreats. This agonistic 
behaviour escalates when punished directly by the handler since his 

eventual retreat becomes a more valued goal (Beaver, 1986). 

d) Physical problems. 

Problems can arise as a direct consequence of dimensions of the stable like 
"refusal to lie down" have been blamed on some deficiency on the part of 
the occupants rather than the designers of the accommodation. Other 
examples include habitually getting cast, catching hips on the doorway (often 
exacerbated by learned fear which prompts faster, though not necessarily 
better judged, exits through doorways) and getting feet caught in hay-nets. 
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e) Stereotypic Behaviour. 

Stereotypic behaviour is characterised by being repetitive, relatively 
invariant and apparently functionless (Mason, 1991a). Stereotypies are 
heterogenous in their causes and their forms. 

Such behaviours are not recognised in free-living feral horses and are not 

purely a product of domestication since they are also seen in captive 
Przewalski horses (Boyd, 1991). In the horse, these behaviours have 

therefore been linked to a number of management practices (although never 
scientifically investigated). One of the most important features of a 
stereotypic behaviour is that it can become emancipated from its initiating 

causes (Cooper and Odberg, 1991). Therefore, while stereotypies may arise in 

response to adverse management, they may persist in more enriched 
environments. Despite this, owners of stereotypic horses often feel 

responsible for their charges' behavioural anomalies. The behaviours are 
therefore unwelcome not least because they are a potential source of 
embarrassment to owners. 

Generally diminished performance in stereotypers has been identified by 

some authors (Straiton, 1973; Kiley-Worthington, 1983) while health 

problems associated with these behaviours have been highlighted by others 
(Steele, 1960; Karlander et al., 1965; Summerhays, 1975; Schramm, 1988; 
Hachten, 1995). Prevention of these behaviours, involving physical or 
surgical approaches, is commonly attempted (Baker and Kear-Colwell, 1974; 
Hamm, 1977; Firth, 1980; Waring, 1983; Schramm, 1988; Hakansson et al., 
1992; Broom and Kennedy, 1993) with considerable variation in rates of 
success. 
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A number of equine stereotypies have been identified (Kiley-Worthington, 

1987), including: 

Chewing Lip-licking 
Licking environment Wood-chewing 

Crib-biting* Wind-sucking* 
Box-walking* Weaving* 
Pawing Tail-swishing 
Door-kicking (front feet) Box-kicking (hind feet) 

Rubbing self Self-biting 
Head-tossing Head-circling 
Head-shaking Head-nodding 
Kicking stall (hind feet) 
Head-extending, ears back and nodding 

This exhaustive list includes a number of behaviours that are not 

morphologically invariant and therefore might be regarded as redirected 
behaviours by other authors. Other behaviours in the above list are difficult 

to define because changes in form may accompany ageing of the stereotypy 
e. g. weaving may change from a side-to-side pacing to a stationary head- 

swing (Meyer-Holzapfel, 1968). More than one stereotypy may be performed 
by an individual horse. (Sambraus & Rappold, 1991) Since many stereotypies 
are popularly regarded as being transmissible by mimicry (Schramm, 1988) 

and some are associated with health and performance problems, horses 

exhibiting them are often isolated. Some* must be declared at auction and 
tend to lower the value of affected animals. These are the behaviours that 

are dealt with more thoroughly in subsequent chapters. 

Of all of the anomalous behaviour patterns in horses, those which have 

proved most insoluble to horse-owners are the stereotypies. Work on other 
species by different groups (Keiper, 1969; Dantzer and Mormede, 1982; 
Cronin, 1985; Kennes and deRycke, 1988; Cooper and Nicol, 1991) often 
appears contradictory and has highlighted heterogeneity in stereotypies 
(Mason, 1993b). Since the study of equine stereotypies is in its infancy and 
because information from other species can only be applied with caution, it 
is perhaps not surprising that hippologists have found "vices" so mysterious 
and frustrating and have met with so little success when attempting to 
modify these behaviours (Hayes, 1968). 
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The current study aims to improve our understanding of the function of 
stereotypies. If we are able to answer the question "why do horses perform 
stereotypies? ", we will be better equipped to prevent the appearance of these 

unwelcome behaviours. The welfare implications associated with the 

physical and surgical prevention of stereotypies will also be considered. 

By determining the prevalence of stereotypies and identifying management 
factors associated with peaks in prevalence, I will be able to investigate the 

ways in which these behaviours may be adaptive. Anatomical and 
physiological changes that accompany crib-biting, the most common equine 
oral stereotypy, will be investigated, followed by an examination of how 

these parameters change when crib-biting is prevented. The motivation to 
perform this behaviour will then be considered. In the following chapters, 
horses that do not display stereotypies are referred to as being "normal'. 
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Figure 1.1: The average time budgets for Camargue 
horses throughout the year (After Duncan, 1980) 
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Figure 1.2: Time budgets for a group of eight horses with ?d 
>>brtvm hay and straw (After Kiley-Worthington, 1987) 
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Figure 1.3: The time budgets for three horses in individual stables 
fed ? d_Abitum hay and straw and able to see and touch each other 

(After Kiley-Worthington, 1987) 
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Figure 1.4: Time budgets for horses fed restricted fibre in 
stables where they cannot touch each other and only see each 

other over stable doors (After Kiley-Worthington, 1987). 
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CHAPTER 2. THE ASSOCIATION BETWEEN MANAGEMENT FACTORS AND THE 

PREVALENCE OF ABNORMAL BEHAVIOURS IN THOROUGHBREDS. 

2.1: Introduction 

Stabled horses often exhibit behaviours which owners regard as 
unwelcome. These include stereotypies, defined as repetitive, relatively 
invariant and apparently functionless (Mason, 1991b) and behaviours 
directed towards an inappropriate target (redirected behaviour) (Fraser and 
Broom, 1990). 

The prevalence of box-walking, wind-sucking/crib-biting and weaving in 
UK Thoroughbred populations has been estimated at 1.1,4.2 and 2.8% 

respectively (n=1033; Prince, 1987) and in Italy at 2.5,2.4 and 2.5% (n=1035; 
Vecchioti & Galanti, 1986). Estimates of the combined prevalence of all 
stereotypies are more difficult, as for example, when lip-licking, pawing, 
tail-swishing, head-tossing, head-nodding and box-kicking were included 
the prevalence on some yards reached 26 per cent. 

In other species, cage-design (Odberg, 1986), isolation-rearing (Morgan, 1973) 
and food-deprivation (Appleby and Lawrence, 1987) have been implicated as 
proximate causes of stereotypic behaviour. Arousal, generated by frustrated 
motivation, is a possible shared underlying cause (Duncan et al., 1993) 
although others emphasise the possible heterogeneity of the cause and effect 
of different stereotypies (Mason, 1991a). Despite much work on farm and 
laboratory species, the causes of stereotypic and redirected behaviour in the 
horse remain unclear. Heritability plays some role in stereotypy frequency 
(Hosoda, 1950; Vecchioti and Galanti, 1986) but little is known about the 
relative importance of management factors that might frustrate motivation 
in the horse. Feeding practices have a greater effect than housing practices 
on the incidence of abnormal behaviour (Marsden, 1993) and wood-chewing 
increased when high protein rations were fed due to a concomitant 
reduction in the total fibre content (Ralston et al., 1979) and when exercise 
was withdrawn (Krzak et al., 1991). Many authors have suggested other 
possible causes of anomalous behaviours including factors associated with 
weaning, social contact, crowding, feeding, housing and/or training 
practices (Kiley-Worthington, 1989; Luescher et al., 1991). 
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Some authors (Hayes, 1968; Sambraus and Rappold, 1991), emphasising the 

importance of mimicry rather than environmental deficits, believe that 

exposure to a stereotypic neighbour may increase the likelihood of 

stereotypy development or performance. Such social influences, known in 

voles (Cooper and Nicol, 1994), may also affect stereotypy levels in horses 

(Houpt and McDonnell, 1993), despite no current indication that horses can 
learn by observation (Baer et al., 1983; Baker and Crawford, 1986). 

The current studies used cross-sectional surveys to examine the prevalence 

of abnormal behaviour (weaving, box-walking and wind-sucking/crib-biting 

stereotypies and wood-chewing) by sampling large populations of Flat and 
National Hunt racehorses, the thoroughbred stud population and three 

groups of performance horses. 

Profiles of individual horses with abnormal behaviour were solicited 
during the three thoroughbred surveys. These were used to investigate 

variables at the time when horses first began to perform abnormal 
behaviour. 

For the thoroughbred populations, the association between management 
factors and the risk of abnormal behaviour was investigated using 
multivariate logistic regression analysis. Using a different function to 

ordinary linear regression, this introduces management factors individually 
into a model to explain peaks in the prevalence of abnormal behaviour, 

expressed as a binary outcome. Another form of logistic regression analysis, 
random effects modelling, that accounts for extrabinomial variation by 

providing an extra parameter in its regression model, was used for the 
survey of thoroughbreds on studs. 
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2.2: Study One: Survey of Flat-Racehorse Trainers in England and Wales. 

Introduction. 

The aim of the current study was, for the first time to establish the relative 
influence of various management factors on the risk of abnormal 
behaviour (weaving, box-walking and wind-sucking/crib-biting stereotypies 
and wood-chewing) in the horse by sampling a large relatively uniform 

population, consisting of Flat racehorses. 

Methods 

The survey examined the prevalence of 4 behaviour patterns: 
Weaving; an obvious lateral swaying movement of the head, neck 
forequarters and sometimes the hindquarters. 
Box-walking: a circular route-tracing within the stable 
Crib-biting/wind-sucking: an oral-based behaviour frequently involving the 
horse grasping a fixed object with its incisor teeth and engulfing air with an 
audible grunt. These behaviours were examined under a group heading 
because there is some confusion, both in the veterinary literature and 
among horse-owners, about their specific definitions and because they 
sometimes occur together in the same animal. Crib-biting is known to 

occur more frequently than wind-sucking (Sambraus & Rappold, 1991) 
Wood-chewing: a redirected behaviour involving the horse chewing wood 
from a number of different sites within its stable. 

Study population 

Three hundred trainers in England and Wales with more than 10 horses 
listed in the Raceform publication "Horses in Training 1992" were selected. 
Of these, 159 listed as training more than 25% two year olds and three year 
olds were included. 
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Study Design 

A self-administered four-page postal questionnaire (for an example of 

questionnaire design, see appendix ii) was used to collect data. A pilot study 
involving 10 trainers was used to test the questionnaires in October 1992. 
A questionnaire was sent to trainers in November 1992 and followed-up by 

telephone or a second mailing. 

Dependent variables. 

Weaving, box-walking, wind-sucking/crib-biting and wood-chewing. 

Trainers were asked to state how many of all the horses, and specifically the 

yearlings, two year old and 3-year-olds, in their yards ever performed each of 
these behaviours. 

Results of the 4 variables were taken as the numerator while the total 

number of horses on the yard was the denominator. A calculated 
dependent variable representing abnormal behaviour in general allowed 

comparison between horses that performed any of the four listed 

behaviours and those that showed none. 

Independent variables. 

General Yard Description 

Yard size. Trainers were asked how many horses they had on their yard. 
Yard size was included as a categorical variable with four levels (1 to 25 
horses, 26 to 50 horses, 51 to 75 horses and 76 to 200 horses) and the smallest 

yards were selected as the reference category (R=reference category). 

Type of training. Trainers were asked to identify their training involvement 

over the next 12 months. This was included as a binary variable according 
to whether the trainers identified themselves as being involved in "Flat 
Only" or "Mainly Flat" racing (R). 
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Stable Management of Young Horses in Training. 

Box design. The degree of communication was refined into an ordered 

categorical variable with three levels : most contact (horses can see and 
touch their neighbours through bars and grilles between boxes), visual 

contact (horses can see their neighbours through bars and grilles between 

boxes) and minimal contact (see only over the stable door) (R). 

Bedding type. Trainers were asked to state whether more than 50 per cent of 
their youngsters were bedded on straw. Yards were divided into those that 
did bed more than 50% of their youngsters on straw (R) and those which did 

not, giving a binary variable. 

Forage type. Forage type was refined to a binary variable : hay (R) or any 
forage source other than hay. 

Forage amount. The amount of forage offered to youngsters over a 24 hour 

period was refined to a binary variable : less than (R) or more than 6.8 kg (14 

pounds) of forage per day. 

Number of times forage was offered. The number of times forage was 
offered to youngsters in a 24 hour period was refined into a variable with 
three levels : fewer than three times per day (R) , three times per day and 
more than three times per day. 

The Management of Yearlings and Foals prior to training. 

The presence of yearlings/foals on the yard. The trainers were asked to state 
whether they kept yearlings or foals on the same yard prior to their going 
into training. 

The housing of yearlings/foals. The accommodation provided for yearlings 
and foals was included as a binary variable according to whether the policy 
was to house them in groups or individually. 

The feeding of forage to the yearlings/foals. Access to forage was recorded as 
a binary variable according to whether or not the yearlings or foals had ad 
libitum forage. 
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The training plans for the yearlings/foals. Trainers were asked whether, if 

they kept yearlings and foals, these horses would generally remain on the 

yard for the start of their working careers. This was recorded as a binary 

variable. 

Management of Horses out of their Stables. 

Number of times horses were ridden. The trainers were asked how many 
times per day horses were ridden since the traditional once daily exercise 
regime is losing favour in some circles. 

Horse-walker / The length of sessions on the horse-walker / The number of 
sessions on the horse-walker per week. A number of yards now use rotary 
exercise machines to complement ridden exercise. All the initial questions 
referring to horse-walkers were included as a binary variable according to 

whether the trainers did or did not possess a horse-walker. 

Exercise area / The length of sessions in the exercise area / The number of 
sessions in the exercise area per week. The presence and use of a paddock, 
sandpit, playpen or menage was recorded. This was included as a binary 

variable according to whether the trainers did or did not possess such an 
exercise area (R) . 
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Data analysis 

All analyses were performed on data wieghted according to the number of 
indivdual horses on each yard. 

Univariate analyses. The data were entered onto a database within SPSS 4.0 

for analysis. Chi square tests were used to examine associations between 

independent variables and each of the five dependent variables. In 

addition, Mantel-Haenszel tests of trend were carried out where 

approximately linear relationships were found. Associations between the 
independent variables were also investigated. 

Regression analyses. In order to adjust for potential confounding, the 

relationship between dependent and independent variables was 
investigated further using stepwise unconditional logistic regression in 
Genstat 5 (1987). Yard size and stable design were offered to the model as 
categorical variables while all the others were included as binary variables. 
Maximum likelihood estimates of adjusted odds ratios and 95% CIs were 
obtained. This was done in order to allow for the possible confounding 
effects of other variables. Final models included only variables that resulted 
in a significant change in deviance according to the Likelihood Ratio 
Statistic generated by the logistic regression analysis. 

Odds ratios. The odds of an event occurring are defined as the ratio of the 
probability that it will occur to the probability that it will not. The odds ratio 
is the ratio of the odds of anomalous behaviour (e. g., a given horse being a 
weaver) in the exposed group ( e. g., medium-sized yards) to the odds of 
anomalous behaviour in the unexposed group (e. g., small-sized yards). An 

odds ratio greater than 1.0 indicates an increase in risk whereas an odds ratio 
less than 1.0 represents a decrease in risk. 
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Validity, non-response bias and repeatability. 

The validity of the response was measured by comparing the results with 
known measures of yard size, the number of three year olds and the 

number of two year olds, from the 1992 edition of 'Horses in Training'. 

Non-response bias was assessed by comparing these parameters for 

respondents with those for non-respondents. Early and late respondents 

were compared using the same variables. 

The repeatability of the response was tested by sending a questionnaire to a 

subgroup of 10 systematically sampled respondents on 8th December 1993 

asking identical questions about 1992. This enabled us to compare the 

answers for 1992 after twelve months. 

Results 

Response Rate 

The response rate was 62.3 per cent (99 out of 159); while the usable return 
rate was 54.0 per cent (86 out of 159) giving results on 2946 horses involved 
in flat racing. Of these, only 48 (1.7 per cent) horses were reported as being 
box-walkers. This number was too small to elicit any statistically significant 
correlations between this behaviour and any management factors. 
(However, box-walking was included as part of the calculated dependent 

variable, 'abnormal behaviour'). 

Survey Quality 

Estimates of the number of horses on the yards were taken from "Horses in 
Training 1992". The correlation between these values and those quoted in 
the survey responses was taken as an indication of the validity of the 
information gathered. The correlation coefficient for the total number of 
horses on the yard was 0.9. The correlation coefficients for the number of 
three year olds and number of two year olds were 0.6 and 0.9 respectively. 

The repeatability study comparing yard size, number of three year olds and 
number of two year olds as reported in 1992 and then in 1993 found 
correlation coefficients of 0.7,0.9 and 0.7 respectively in four replies from 
the ten trainers who were contacted. 
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Using the independent measures of yard size, number of three year olds and 
number of two year olds, there were no significant differences between the 

respondents and the non-respondents. The same measures were used to 

compare early and late respondents and no significant difference was 
detected. 

The Management of Yearlings and Foals prior to training. 

This study showed that 33 of the 85 respondents (38.8 per cent) had more 
than one system of management since, apart from horses in training, they 

also kept foals and yearlings prior to their going into training. 

Of the 33 trainers who kept foals and yearlings, 24 (72.7 per cent) housed 
them in individual boxes rather than group houses, 15 (45.45 per cent) gave 
them ad lib forage and all but one generally kept such youngsters on for the 
start of their training career. 

Associations between Type of Training, Yard Size and Management Factors 

Yards which were described as being 'Flat Only' were more likely to have 
more horses than 'Mainly Flat' yards (Mantel-Haenszel tests of trend chi- 
squared=336.105 p<0.001). They were also more likely to have a horse- 
walker (Mantel-Haenszel tests of trend chi-squared=347.912 p<0.001) and an 
exercise area (Mantel-Haenszel tests of trend chi-squared=55.067 p<0.001). 
These were the yards which had the more traditional stable designs (Mantel- 
Haenszel tests of trend chi-squared=10.545 p<0.005). Yards which bedded 
more than 50 per cent of their horses on straw were negatively correlated 
with the offering of forage more frequently per day (Pearson chi- 
squared=19.048 p<0.001) and were less likely to possess a horse-walker 
(Pearson chi-squared=79.678 p<0.001). Larger yards were less likely to have 
an exercise area (Mantel-Haenszel tests of trend chi-squared=88.684 p<0.001), 
more likely to possess a horse-walker (Mantel-Haenszel tests of trend chi- 
squared=20.554 p<0.001) and less likely to offer forage frequently (Mantel- 
Haenszel tests of trend chi-squared=20.554 p<0.001) and this forage would be 
less likely to be hay (Mantel-Haenszel tests of trend chi-squared=119.240 
p<0.001). The larger yards were more likely to offer more than 6.8 kg (14 
pounds) of forage per day (Mantel-Haenszel tests of trend chi-squared=31.171 
P<0.001). 
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Yard sizes ranged from 4 to 230 horses. The mean yard size was 33.9 horses 
(interquartile range 22 to 90). 
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Prevalence of abnormal behaviour 

When all age groups were added together the prevalence of crib- 
biting/wind-sucking, weaving, box-walking and wood-chewing were 4.0,4.0, 
1.7 and 5.9 per cent respectively. 

Distribution of abnormal behaviour 

Of the 86 yards, 76 (88.4 per cent) reported at least one horse performing an 
abnormal behaviour. When wood-chewing was excluded, this figure fell to 
75 (87.2 per cent). 

The Associations between Management Factors and Abnormal Behaviours. 

After logistic regression analysis for abnormal behaviour in general, the 

ratio of residual deviance to residual degrees of freedom was 0.76. Variables 

relevant to the general yard description were found to have significant 
associations with the prevalence of abnormal behaviours. 

Yard size. The size of the yard was significantly related to the prevalence of 
abnormal behaviours in general. Yards with more than 75 horses had a 
reduced risk (Adjusted Odds Ratio 0.31) of reporting abnormal behaviour in 

general. This pattern was most apparent with weaving which showed a 
peak in prevalence (A. O. R. 1.98) on yards with between 51 and 75 horses. A 
similar pattern was found with wood-chewing which showed a peak in 

prevalence on yards with between 26 and 50 horses (A. O. R. 1.96) (figure 2.1). 

Type of training. The trainers who defined their work as being "Flat only" 
for the coming season were linked to increased risk (A. O. R. 1.88) of 
abnormal behaviours in general, compared to those who defined their work 
as "Mainly Flat". When the behaviours were examined individually, this 
trend was found in the prevalence of wood-chewing (A. O. R. 6.71) with 
other behaviours having non-significant correlations after adjustment for 
the confounding effects of other variables. 

Factors relating to the stable management of young horses in training 
showed an association with the prevalence of abnormal behaviours. 
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Box design. When examining the prevalence of abnormal behaviour in 

general (figure 2.2), the presence of bars and grilles between stables rather 
than the traditional solid walls was related to a reduced risk (0.60 and 0.81 

compared to the reference category of 1.00). It would appear that this pattern 
emerged largely from the inclusion of wood-chewing (table 2.1) since, 
individually, this behaviour showed the strongest trend (Pearson chi- 

squared=80.91 p<0.0001) in this direction. However, there was no significant 
effect for weaving (Pearson chi-squared=3.73 p=0.15473). 

Bedding type. The use of any bedding other than straw was associated with 
an increased risk of abnormal behaviours in general. Specifically, this trend 

was found in weaving (A. O. R. 1.885 with a Pearson chi-squared=12.297 
p<0.0005) alone, with other behaviours having non-significant correlations 
after adjustment for the confounding effects of other variables (figure 2.3). 

Forage Type. The use of any forage source other than hay was associated 
with a reduced risk of abnormal behaviours in general (A. O. R. 0.523). Of the 

particular behaviour patterns studied, weaving (A. O. R. 0.27) followed by 

wood-chewing (A. O. R. 0.475, table 2.1) were the behaviours which showed 
the strongest such relationship. 

Forage Amount. Giving more than 6.8 kg (14 pounds) of bulk daily (figure 
2.4) was associated with a reduced risk of horses performing abnormal 
behaviours in general (A. O. R. 0.407) . This relationship was found for 

wood-chewing and weaving in order of descending significance (A. O. R. 
0.241 and 0.353). 

Number of times forage was offered. Offering forage three times per day was 
associated with an increased risk (A. O. R. 1.067) of abnormal behaviours in 
general when compared with individuals offered forage once or twice per 
day. However, feeding forage more than three times per day was related to a 
reduced risk of abnormal behaviours in general (A. O. R. 0.454). This 
variable had no significant relationships with specific behaviours after 
adjustment for confounding. 

Factors relating to the management of horses out of their stables showed an 
association with the prevalence of abnormal behaviours. 
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Possession of a paddock. The possession of a paddock was related to a 

reduced adjusted risk (A. O. R. 0.47) for wood-chewing (Pearson chi- 

squared=4.92 p<0.05) with other behaviours having non-significant 

correlations after adjustment for the confounding effects of other variables. 

The presence of yearlings/foals on the yard. The housing of yearlings/foals. 
The feeding of forage to the yearlings/foals. The training plans for the 

yearlings/foals. Number of times horses were ridden. The presence of a 
horse-walker. The length of sessions on the horse-walker. The number of 
sessions on the horse-walker per' week. The length of sessions on the 
exercise area. The number of sessions on the exercise area per week. 

These variables had no significant correlation with the prevalence of 
abnormal behaviour and were not included in the multivariate regression 
analyses. 
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Discussion 

This study showed that the performance of abnormal behaviours by 

Thoroughbreds on English and Welsh Flat Training yards was related to the 

amount and type of forage offered, the number of times per day forage was 

offered, the total number of horses on the yard, the type of training in which 

the yard was involved, the design of loose-boxes, the type of bedding used 

and the possession of an exercise area. 

Over the last four years, the mean number of foals and yearlings sold by 
Tattersalls per year was 1686 compared to 942 for the total number of 
racehorses of any other age. While the number of private sales remains 
largely undisclosed, these figures suggest that the exchange of animals from 

one yard to another occurs largely before the commencement of their 
training career. The management of young horses once they have arrived 
on a trainer's yard is likely to have a considerable influence on the 
development of behaviour pattern. 

This survey has identified a number of management factors that are related 
to the risk of a horse performing abnormal behaviours, including 

stereotypies. Of these factors, the majority pertain to the management of 
young horses in training. 

Amongst the apparently important factors which showed no relationship 
with the prevalence of abnormal behaviour, one could include the 

management of foals and yearlings prior to training and the time spent out 
of the stable on a horse-walker or in an exercise area. However, this was not 
a comprehensive study of the management of foals and yearlings prior to 
training since only 38.8 per cent of respondents kept foals and yearlings on 
their yards prior to training. It is worth noting that the time spent out of a 
stable is minimal compared with the remainder of the horse's day (often 

more than 20 hours) which is spent experiencing the variables of in-stable 

management. 

Trainers prefer to feed horses high ratios of concentrate to forage since this 
meets the demands of heavy exercise and is believed to mimimise the 
possibility of a full stomach reducing respiratory tidal volume and maximal 
performance. However, the offering of relatively large amounts of forage 

per day was associated with an reduction in the prevalence of abnormal 
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behaviours. A similar reduction was related to the practice of offering 
forage to horses on a more frequent basis. Horses at pasture have been 

recorded foraging nearly 70% of each 24 hour day (Kownacki et al, 1978) and 

since modem husbandry systems rarely offer forage on an ad libitum basis 

(e. g., only one of the 85 yards in this study) the time-budgets of stabled 
horses are often different from those of horses at pasture. These differences 

may represent the presence of an opportunity for abnormal behaviours to 
develop. Hughes and Duncan (1988), quoting Hebb (1955) and Leuba (1955), 

state that "it may be that animals have a strong tendency to perform certain 

activities when much time is available in order to maintain, say, an optimal 
level of arousal". It was interesting to note that both oral-based stereotypies 
(crib-biting/wind-sucking) and locomotor stereotypies (weaving) were more 
prevalent on those yards which fed smaller amounts of forage per day. 
More locomotion is involved in the search for food at pasture than in the 

stable where forage is provided in a hay-net. The greater prevalence of 
locomotor stereotypies on the yards which fed less forage may be linked to 
the relatively small amount of energy expended in the acquisition of small 
amounts of forage from one site in a stable. 

Horses offered forage types other than hay were less likely to perform 
abnormal behaviours in general. Since the feeding of hay-alternatives is 

rarely exclusive because these kinds of forage often have prohibitively high 

protein contents, one could speculate that this practice may provide horses 

with a greater variety of forage and as such may be a closer approximation to 
the type of food selected by the horses at pasture. Horses are opportunistic 
feeders, selecting the most palatable and accessible items available to them 
(Waring 1983); they rarely limit their diet to one variety of roughage. 
Increased palatability of forage may therefore be correlated with the reduced 
performance of abnormal behaviours in stabled horses. 

Trainers who described themselves as 'Flat only' were more likely to have 

more abnormal behaviour on their yards. Definitively, these trainers are 
those with a greater proportion of younger horses. Such young horses may 
be less able to "cope" with the commencement of their training careers than 
their more mature counterparts who may have been bred specifically for 
National Hunt training. Although our prevalence studies suggest 
otherwise, young horses with abnormal behaviours could "grow out" of 
their abnormal behaviours if these behaviours are a reaction to the 
intensive nature of management on training yards compared to that on 
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studs. Of the individual behaviours, only wood-chewing is significantly 

related to the type of training (crib-biting/wind-sucking showed a similar 
but non-significant trend). The absence of any significant relationship for 

stereotypies was predictable since work in other species suggests that 

stereotypies can become emancipated from their precipitating causes 
(Cooper and Odberg, 1991) and are therefore more likely to persist in later 

life than to disappear. 

Training for Flat racing tends to involve the development of a horse's 

sprint potential whereas stamina becomes more important in the training 
of horses for National Hunt racing. As such, it is common for National 
Hunt horses to spend more time per day being ridden i. e., out of their 
stables. Conversely, one could speculate that trainers who are preparing 
horses solely for racing on the Flat may be keeping their horses confined for 
longer periods every day relative to those who train under both rules. This 
possibility needs to be investigated. 

The size of a yard had a significant relationship with the prevalence of 
abnormal behaviours in that those yards which had a total number of 
horses less than 25 or more than 75 were less likely to have affected horses. 
Of the specific behaviours, a reversed but non-significant trend was found 
for crib-biting/wind-sucking with increasing yard-size. Wood-chewing was 
more likely to be found on yards with between 26 and 50 horses while 
weaving was more likely in those with between 51 and 75 horses. Of the 
stereotypies, weaving is anecdotally quoted as the behaviour most likely to 
be copied. One could suggest that horses in larger groups are more likely to 
encounter weavers and are therefore being exposed to an additional risk 
factor. However, the yard size variable gives no indication of the number of 
horses visible for an individual horse to mimic and the largest of the yards 
did not follow this trend. Similar problems apply when one considers the 
prevalence of wood-chewing. Houpt (1986) indicates that making social 
contact may be part of ponies' motivation to chew wood. It seems unlikely 
that horses can be aware of the number of their conspecifics living on the 
premises (synthetic herd size) and therefore that the reaching of a critical 
threshold in this number could be detected by the horses and thus change 
their behaviour. 

The relevance of such social contact may be more clearly indicated in the 
relationship between wood-chewing and the most common design of 
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stables on a yard. The provision of bars and grilles between boxes allowing 

visual contact between stables was associated with a reduced risk of a horse 

wood-chewing. However, there was no additional benefit associated with 

stables which provided opportunities for physical contact. Many authors 
have drawn attention to the importance of social organization and social 

attachment in normal horse behaviour (Waring, 1983; Rees, 1984; Kiley- 

Worthington, 1987). Therefore, the prevalence of abnormal behaviours in 

general followed a plausible trend, when related to stable design. The 

provision of more opportunities for social contact may have facilitated the 

performance of more of the spectrum of normal behaviours such as mutual 
grooming. 

The use of bedding types other than straw, in the majority of boxes on a 
yard, was related to an increase in the performance of abnormal behaviour 
in general. Weaving was the only specific behaviour to illustrate this 

relationship. It is accepted that certain horses regularly eat straw from their 
beds. This may be one of the reasons for trainers selecting shavings or 
shredded paper rather than straw. The presence of straw as a source of 
roughage can increase the risk of intestinal impaction but it may be serving 
to ameliorate some of the behavioural deficits which arise in horses kept on 
restricted fibre diets. If an animal's environment is generally 
unstimulating, stereotypies may arise from attempts to increase sensory 
input (Duncan et al., 1993). Such attempts often involve the performance of 
a behaviour which is morphologically related to the environmental deficit. 
Therefore, it was interesting that an anomalous behaviour from the 
'locomotor group' should emerge as having the strongest inverse 

relationship with the use of straw. It is possible that the use of straw rather 
than other types of bedding may enrich the locomotory environment of 
horses in a way that has yet to be specified. Weaving could be a 
heterogeneous stereotypy with an origin which is not completely clear. 

There was a significant relationship between having an exercise area for 
loose horses and a reduced risk of an individual horse wood-chewing. 
Attempts to examine the length of time that horses spend in such a facility 
and the number of times per week they might visit it yielded no significant 
correlations with the prevalence of stereotypies. The results would suggest 
that any facility which increases the time the horses spend out of their 
stables is linked to a reduction in the risk of wood-chewing. Further work is 
required to determine the proportion of these exercise areas which had grass 
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surfaces. It is possible that many of them provided not only an opportunity 
for social interaction between horses and for spontaneous locomotion but 

also supplementary fibre intake. 

Generally, one can conclude that multiple factors accompanied the 

performance of abnormal behaviour in flat training yards. There was little 
divergence in the significance of these factors when oral and locomotor 

groups of behaviours were compared. This finding contradicts current 
thinking which highlights the heterogeneity of stereotypies. 

It is not possible to draw conclusions from this survey as to the cause and 
effect of stereotypies. Inferences can only be made between the prevalence 
of certain behaviours and the presence of concurrent management factors. 
One must bear in mind that horses may have had the behaviour patterns 
prior to their arrival on the responding yard or that a trainer may even 
favour the selection of such horses since their performance is rarely as 
deleteriously affected as their market price. However, most alternative 
causal routes would require trainers with uniform characteristics (e. g. a 
certain yard size) to be more likely to deliberately select stereotypic horses. 

The value of this study is that it now forms an objective basis from which 
hypotheses can be generated. For example, the apparent importance of the 
mass and delivery of forage, may prompt the feeding of maximal amounts 
of forage for maintained performance via the intermediacy of a device 
which requires horses to work and preferably locomote for their food. Such 
a system could be tested on yards from one year to the next to determine if it 
were effective in reducing the prevalence of abnormal behaviour. 
Similarly, one might be able to appraise the effect of maximising social 
contact. 

The prevention of stereotypies in youngstock is important since, once 
established, such behaviours rarely disappear. A thorough knowledge of 
the precipitating factors involved in the ontogeny of stereotypies in horses 
is essential if prevention is to be effective on studs and training yards. 
Further study is required to establish which management factors on studs 
are linked to the development of stereotypies in horses at around the time 
of weaning and which factors concerning the horses themselves might be 
used to predict the future performance of abnormal behaviours. 
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2.3: Study Two: Survey of National Hunt Racehorses Trainers in England 

and Wales 

Introduction 

Thoroughbred racing in the U. K. can be divided into two groups: National 
Hunt (N. H. - racing over fences and over distances greater than two miles) 
and Flat (sprint races). The horses involved in National Hunt racing are 
more mature and may have had previous experience under Flat rules. 
Since the horses involved in both types of racing are of differing age groups 
and N. H. horses are trained more for stamina than for sprinting speed, their 
behaviour when stabled may differ. 

For the purposes of this study, a threshold in the age of horses that they 
were listed as training, was used to identify trainers as N. H. or Flat. This 

approach provided a useful but not exclusive delineation. Since some yards 
train under both rules, this study applied similar techniques to those 
described for the Flat racehorses (section 2: 2). 
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Methods 

The survey examined the prevalence of the same behaviour patterns as in 

section 2: 2: weaving, box-walking, wind-sucking/crib-biting and wood- 
chewing. 

Study population 

The secondary intention of contacting trainers was to obtain information on 
the individual history of horses reported as box-walkers, wind-suckers/crib- 
biters and weavers. Previous studies of English (Prince 1987), and Italian 
(Vecchioti and Galanti, 1986) thoroughbred populations report total 

prevalence of these stereotypies at approximately ten per cent. Therefore to 

yield more information with each mailing the three hundred trainers in 
England and Wales with more than 10 horses listed in the Raceform 

publication "Horses in Training 1992" were selected. Of these, 141 listed as 
training fewer than 25% two year olds and three year olds were included in 
the National Hunt study population. 

Study Design 

A self-administered four-page postal questionnaire was used to collect data. 
A pilot study involving 10 trainers was used to test the questionnaires in 
December 1992. 
A questionnaire was sent to trainers in January 1993 and followed-up by 
telephone or a second mailing. 

Dependent variables. 

Weaving, box-walking, wind-sucking/crib-biting and wood-chewing. 

Trainers were asked to state how many of all the horses, and specifically 
three-year olds and four-year-olds, in their yards ever performed each of 
these behaviours. 

Results of the 4 variables were taken as the numerator while the total 
number of horses on the yard was the denominator. A calculated 
dependent variable representing abnormal behaviour in general allowed 
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comparison between horses that performed any of the four listed 
behaviours and those that showed none. 

Independent variables. 

Type of training. Trainers were asked to identify their training involvement 

over the next 12 months. This was included as a binary variable according 
to whether the trainers identified themselves as being involved in 
"National Hunt Only" or "Mainly National Hunt" racing (R). 

Apart from the question about type of training, the questionnaire examined 
the same independent variables as in section 2: 2. 
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Data analysis 

Univariate and regression analyses were performed on data for individual 
horses calculated from the replies from each yard in the same way as in 

section 2: 2. 

Validity, non-response bias and repeatability. 

The validity of the response was measured by comparing the results with 
known measures of yard size and the number of three year olds, from the 
1992 edition of 'Horses in Training'. Non-response bias was assessed by 

comparing these parameters for respondents with those for non- 
respondents. Early and late respondents were compared using the same 
variables. 

The repeatability of the response was tested by sending a questionnaire to a 
subgroup of 10 systematically sampled respondents on 10th January 1994 

asking identical questions about 1992. This enabled us to compare the 
answers for 1992 after twelve months. 

Results 

Response Rate 

Of the 141 National Hunt trainers, 74 returned questionnaires, giving an 
overall response rate of 52.5 per cent. Of the 74 trainers who replied, three 
indicated that they were unable to take part in the study because they no 
longer held a licence, 17 questionnaires were returned undelivered and two 
stated that they were too busy. These 22 were removed from the study 
leaving 52 usable returns (36.8 per cent) which described a total of 1522 
horses. 
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Survey Quality 

Estimates of the number of horses on the yards were taken from "Horses in 

Training 1992". The correlation between these values and those quoted in 

the survey responses was taken as an indication of the validity of the 

information gathered. The correlation coefficients for the total number of 
horses on the yard and for the number of three year olds were 0.8 and 0.9 

respectively. 

The repeatability study comparing yard size, number of three year olds and 

number of four year olds as reported in 1993 and then in 1994 found 

correlation coefficients of 0.8,0.7 and 0.7 respectively in five replies from the 

ten trainers who were contacted. 

Using the independent measures of yard size and number of three year olds, 
there were no significant differences between the respondents and the non- 

respondents. The same measures were used to compare early and late 

respondents and no significant difference was detected. 

The Management of Yearlings and Foals prior to training. 

This study showed that 33 of the 52 respondents (63.5 per cent) had more 
than one system of management since, apart from horses in training, they 

also kept foals and yearlings prior to their going into training. 

Of the 33 trainers who kept foals and yearlings, 25 (75.8 per cent) housed 

them in individual boxes rather than group houses, 23 (69.7 per cent) gave 
them ad lib forage and all but one generally kept such youngsters on for the 

start of their training career. 

53 



Associations between Type of Training, Yard Size and Management Factors 

Yards which were described as being 'National Hunt Only' were more likely 

to offer forage frequently (Mantel-Haenszel tests of trend chi-squared=4.666 
p<0.05). The larger yards were more likely to have a horse-walker (Mantel- 
Haenszel tests of trend chi-squared=5.121 p<0.05). Yards without exercise 
areas were more likely to have stable designs which permitted greatest 
contact between neighbouring horses (Mantel-Haenszel tests of trend chi- 
squared=6.506 p<0.05). Yards which bedded more than 50 per cent of their 
horses on straw were more likely to use hay rather than any alternatives as 
a source of forage (Pearson chi-squared=7.543 p<0.05). Trainers who fed 
larger amounts of forage over a 24 hour period were more likely to offer 
forage frequently (Pearson chi-squared=6.064 p<0.05) and were less likely to 
use straw as bedding for more than 50 per cent of their horses (Pearson chi- 
squared=3.988 p<0.05). Yard sizes ranged from 4 to 157 horses. The mean 
yard size was 29.33 horses (interquartile range 12 to 35). 

Prevalence of abnormal behaviour 

When all age groups were added together the prevalence of crib- 
biting/wind-sucking, weaving, box-walking and wood-chewing were 7.3,4.7, 
1.1 and 9.4 per cent respectively. 

Distribution of abnormal behaviour 

Of the 52 yards, 50 (96.2 per cent) reported at least one horse performing an 
abnormal behaviour. When wood-chewing was excluded, this figure fell to 
48 (92.3 per cent). 

The Associations between Management Factors and Abnormal Behaviours. 

After logistic regression analysis for abnormal behaviour in general, the 
ratio of residual deviance to residual degrees of freedom was 0.9. Variables 
relevant to the general yard description were found to have significant 
associations with the prevalence of abnormal behaviours. 
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Yard size. 

The size of the yard was significantly related to the prevalence of abnormal 
behaviours in general. Yards with 26 and 50 horses had an increased risk 
(Adjusted Odds Ratio 0.31) while yards with total numbers of horses outside 
these margins were associated with a reduced risk (figure 2.5). The yards 

with between 26 and 50 horses also showed a peak in the prevalence of 

wood- chewing (A. O. R. 4.99; table 2.2). 

Type of training. The trainers who defined their work as being "N. H. Only" 
for the coming season were linked to increased risk (A. O. R. 2.76) of 
abnormal behaviours in general compared to those who defined their work 
as "Mainly N. H. ". When the behaviours were examined individually, this 
trend was found in the prevalence of wood-chewing (A. O. R. 10.21) with 
other behaviours having non-significant correlations after adjustment for 

the confounding effects of other variables. 

Factors relating to the stable management of young horses in training 

showed an association with the prevalence of abnormal behaviours. 

Box design. When examining the prevalence of abnormal behaviour in 

general, the presence of bars and grilles between stables rather than the 
traditional stable design was related to an increased risk (1.43 compared to 
the reference category of 1.00 for traditional boxes and 0.71 for boxes that 
permitted visual contact between neighbours). It would appear that this 
pattern emerged largely from the inclusion of wood-chewing since, 
individually, this behaviour showed the strongest trend (Pearson chi- 
squared=22.45 p<0.0001) of this nature (figure 2.6). However, for crib- 
biting/wind-sucking reduced A. O. R. were associated with the less isolating 
box designs (0.53 and 0.91 compared to 1.00 for the traditional box designs, 
figure 2.7). 

Forage Type. The use of any forage source other than hay was associated 
with a reduced risk of abnormal behaviours in general (A. O. R. 0.52; figure 
2.8). Of the particular behaviour patterns studied, only wood-chewing 
showed this relationship and did so particularly strongly (A. O. R. 0.07). 

Forage Amount. Giving more than 6.8 kilogrammes of bulk daily was 
associated with an increased risk of horses performing abnormal behaviours 
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in general (A. O. R. 2.20). Of the individual behaviours, this relationship was 

only found for wood-chewing (A. O. R. 2.63). 

Number of times forage was offered. Offering forage three times per day 

was associated with an increased risk (A. O. R. 1.07) of abnormal behaviours 

in general when compared with individuals offered forage once or twice per 
day . However, feeding forage more than three times per day was related to 

a reduced risk of abnormal behaviours in general (A. O. R. 0.45). After 

adjustment for confounding, this variable was found to have a significant 

relationship with weaving (A. O. R. 1.11 for those offering forage three times 

per day and 0.31 if offering forage more than three times per day; figure 2.9). 

Factors relating to the management of horses out of their stables showed an 
association with the prevalence of abnormal behaviours. 

Possession of a paddock. The possession of a paddock was related to an 
increased risk of abnormal behaviour in general being reported (A. O. R. 3.22) 

and this was particularly the case for wood-chewing (24.83 with a Pearson 

chi-squared=7.09 p<0.01) with other individual behaviours having non- 
significant correlations after adjustment for the confounding effects of other 
variables. 

The presence of yearlings/foals on the yard. The housing of yearlings/foals. 
The feeding of forage to the yearlings/foals. The training plans for the 

yearlings/foals. Number of times horses were ridden. The presence of a 
horse-walker. The length of sessions on the horse-walker. The number of 
sessions on the horse-walker per week. The length of sessions on the 

exercise area. The number of sessions on the exercise area per week. 

These variables had no significant correlation with the prevalence of 
abnormal behaviour and were not included in the multivariate regression 
analyses. 

56 



Discussion 

This study showed that the performance of abnormal behaviours by 

Thoroughbreds on English and Welsh National Hunt Training yards was 
related to the amount and type of forage offered, the number of times per 
day forage was offered, the total number of horses on the yard, the type of 
training in which the yard was involved, the design of loose-boxes, the type 

of bedding used and the possession of an exercise area. The proportion of 
horses performing abnormal behaviour is discussed elsewhere (see the 
Comparison of Surveys of Thoroughbreds; section 2: 7). The poor response 
rate was attributed to the source of names and addresses of trainers being 

out-dated. Twenty of the trainers listed (14.2 per cent) had either stopped 
training or had moved yards. 

This survey has identified a number of management factors that are 
associated with an increased risk of a horse performing abnormal 
behaviours including stereotypies. Of these factors, the majority pertain to 
the management of young horses in training. 

The management of foals and yearlings prior to training and the time spent 
out of the stable on a horse-walker or in an exercise area were factors which 
I felt were important to include at the outset but which showed no 
relationship with the prevalence of abnormal behaviour. However, since 
only 63.5 per cent of respondents kept foals and yearlings on their yards 
prior to training, this was not a comprehensive study of the management of 
foals and yearlings prior to training. 

Horses offered forage types other than hay were less likely to perform 
abnormal behaviours in general. One could speculate that this practice 
provides horses with a greater variety of forage and as such may be a closer 
approximation to the type of food selected by the horses at pasture. 
Increased palatability of forage may therefore be correlated with the reduced 
performance of abnormal behaviours in stabled horses. However, 
palatability has been cited as a stimulant of crib-biting behaviour (Dodman 
et al., 1987) and while this does not imply that it is a proximate cause of the 
behaviour, it was reassuring to note that, of the individual behaviours, 
peaks in the prevalence of crib-biting were not significantly associated with 
the feeding of hay. 
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Trainers who described themselves as 'N. H. only' were more likely to 

report more abnormal behaviour in general. Of the individual behaviours, 

only wood-chewing was significantly related to the type of training (crib- 

biting/wind-sucking showed a similar but non-significant trend). Perhaps 

yards devoted exclusively to one type of training are inherently more 
frustrating for horses because of a variable that was not assessed by the 

surveys. It is possible that the less specialised trainers were less successful 

and therefore trained less highly bred and perhaps therefore less reactive 

animals. Similarly, these may have been the trainers who trained their 
horses less intensively. 

The size of a yard had a significant relationship with the prevalence of 
abnormal behaviours in N. H. yards and this relationship followed a similar 
pattern to that in the Flat survey. Those yards which had a total number of 
horses less than 25 or greater than 50 were less likely to have affected horses. 
Of the specific behaviours, wood-chewing was more likely to be found on 
yards with between 26 and 50 horses. 

While other factors linked to yard size may be having a deleterious effect, it 
is possible that the beneficial effect of social support among conspecifics 
(von Holst, 1986) is also having an influence on the behaviour of the horses 

within a group. However, it seems unlikely that horses on larger yards are 
subject to an increase in the number of conspecifics with which they can 
interact. Similarly, it seems unlikely that a horse can be consciously aware 
of the number of conspecifics living on its yard (synthetic herd size) or that 
reaching of critical threshold in this number could be detected by the horses 

and thus change their behaviour. It is possible that stocking densities are 
related to concentrations of pheromones and that on yards of a certain size 
these are not optimal for the performance of a normal equine ethogram. 

A number of other possible explanations of this relationship merit 
consideration. Medium-sized yards may be associated with staff: horse ratios 
which increase equine arousal and therefore precipitate the performance of 
stereotypies (Odberg, 1987; Fentress, 1976). Arousal increases with the 
presence of humans because associations are established between their 
presence and stimulating activities involving food and companions (both of 
which may be limited for the stabled horse). For example, thwarting may 
occur in the period between the start of feeding times (heralded by the 
sound of buckets rattling) and the presentation of an individual's ration. 
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Workers on yards with fewer than 26 horses may be able to consummate 
their charges' feeding behaviour more quickly than workers on yards with 

more horses. 

Similarly, racing Thoroughbreds, like most horses that have been handled 

from an early age, may regard humans as surrogate companions in the 

absence of direct contact with conspecifics. It is possible that they represent a 
form of social support and therefore have stress reducing effects 
(Wiepkema, 1990). Staffing ratios which allow plenty of time to be budgeted 

for grooming and mucking-out would therefore be those which reduced 

social isolation. Smaller yards may facilitate the development of better 

bonds between horses and personnel by having fewer staff which are 
therefore easier for the horses to identify than would be the case on larger 

yards. 

The low frequency of stereotypies in yards with more than 75 horses may 

arise because, when compared to horses on other yards, those on the largest 

yards are not observed as frequently and therefore stereotypies are not 
noticed. Another possibility is that greater order and discipline are required 
for the efficient operation of a yard with more than 75 horses resulting in a 
more predictable environment. Predictability may be associated with better 

welfare (Wiepkema, 1990) and less abnormal behaviour. 

The relevance of social contact was investigated by questions about the most 
common design of stables on a yard. Crib-biting, wood-chewing and 
abnormal behaviour in general showed significant associations with this 

variable. Crib-biting was least prevalent in box designs which allowed 
visual contact between neighbours. A similar but smaller reduction was 
seen in designs which maximised contact between neighbouring horses. 
Since it has been suggested that oral stereotypies in other species are derived 
from appetitive foraging sequences (Rushen, 1984; Schouten and Rushen, 
1992), it may be considered unsurprising that an extra increase in the 

provision of social contact was not uniformly related to a concomitant 
decrease in crib-biting. 

Boxes on N. H. yards-which allowed visual contact between neighbouring 
horses were associated with an decreased risk of abnormal behaviour in 
general. However, those that provided opportunities for physical contact 
were associated with an increase in abnormal behaviour in general. This is 
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difficult to explain, since if one hypothesizes that visual contact is a good 

way of alleviating equine frustration, then visual and tactile contact might 
be expected to be better. It is possible, however, that a reduction of barriers 

between stables may heighten frustration for occupants. Perhaps the 

provision of tactile contact increases frustration by increasing the apparent 

availability of food in a neighbouring horse's stable, a resource which is 

then thwarted by the barrier between the observer's stable and its 

neighbour's. 

Intriguingly, the prevalence of wood-chewing increased sharply with the 

opportunity for greater contact of either sort between neighbouring horses. 

It is possible that while any barriers remain between one horse and another, 

wood-chewing will increase in an attempt to eliminate them. One could 

argue that a stable design which provided complete isolation could be less 
frustrating because it did not continually thwart its occupant. On a more 
practical level, it could be that stables which include internal windows and 

grilles in their design simply provide their occupants with more ledges and 

projections upon which they can gain some purchase in order to break off 

pieces of wood at the onset of a bout of wood-chewing. Similarly, it may be 

that owners of stables of this (more expensive) design are more likely to spot 
the evidence of wood-chewing and are more likely to object to the 
behaviour. Therefore, owners of these types of boxes may simply be more 
likely to report the behaviour. 

There was a significant relationship between having an exercise area for 
loose horses and a increased risk of horses chewing wood or performing 
abnormal behaviour in general. It is difficult to explain this interaction 

unless access to an exercise facility without grass increases oral needs and 
therefore prompts redirected oral behaviour. Further work is required to 
determine the proportion of these exercise areas which had grass surfaces. It 
is possible that some of them only provided an opportunity for social 
interaction between horses and for spontaneous locomotion but not for the 

supplementary intake of fibre. 

The relationship between feeding greater amounts of forage and an 
increased risk of abnormal behaviour is also intriguing. To invert the 
cause-and-effect discussion in this instance, it is possible that N. H. trainers 
feed their horses more forage, as a palliative treatment, because they are 
wood-chewers. 
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Generally, one can conclude that multiple factors accompanied the 

performance of abnormal behaviour in N. H. training yards. There was 
some divergence in the significance of these factors when oral and 
locomotor groups of behaviours were compared. Weaving alone was 
associated with the offering of forage three times per day while wood- 
chewing and crib-biting were associated with many more factors. 

The same reservations exist about the interpretation of these results as did 
for those from the Flat survey (q. v. section 2: 2). It is not possible to draw 

conclusions from this survey as to the cause and effect of stereotypies. 
Inferences can only be made between the prevalence of certain behaviours 
and the presence of concurrent management factors. 
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2.4: Study Three: Survey of Thoroughbred Breeders in England and Wales. 

Introduction. 

The two studies of Thoroughbreds in training (sections 2: 2 and 2: 3), and the 
individual profiles received as a by-product of these surveys (section 2: 5), 

suggest that the prevalence of stereotypies rises with age and that a number 
of horses displayed the abnormal behaviours immediately upon arrival 
from the winter yearling sales. Therefore, it was important to determine 

the prevalence of the same four abnormal behaviours in youngsters on 
thoroughbred studs. Isolation-rearing (Morgan, 1973; Kiley-Worthington, 
1983) and other factors associated with weaning have been implicated as 
proximate causes of stereotypic behaviour while authors have suggested 
other possible causes of anomalous behaviours including crowding, feeding, 
housing and/or handling practices (Luescher et al., 1991). 

The aim of the current study was to establish the relative influence of 
various management and weaning factors on the risk of abnormal 
behaviour (weaving, box-walking and wind-sucking/crib-biting stereotypies 
and wood-chewing) in the Thoroughbreds by sampling stallions, mares and 
offspring in the relatively uniform breeding population. 

Methods 

The survey examined the prevalence of 4 behaviour patterns described in 
section 2: 2: Weaving, box-walking, crib-biting/wind-sucking and wood- 
chewing. 

Study population 

Breeders in England and Wales listed in the Raceform publication "The 
Turf Directory 1992" were selected. Of these, 163 with more than 10 
permanent mares were included. 

Study Design 

A self-administered four-page postal questionnaire was used to collect data. 
A pilot study involving 10 breeders was used to test the questionnaires in 
March 1992. 
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A questionnaire was sent to breeders in April 1992 and followed-up by 

telephone or a second mailing. 

Dependent variables. 

Weaving, box-walking, wind-sucking/crib-biting and wood-chewing. 

Breeders were asked to state specifically how many of the foals and yearlings 
in their studs ever performed each of these behaviours. They were asked 
the same questions with reference to their permanent, visiting, walking-in 

mares and their stallions. 

The behaviour of the foals and yearlings (youngsters) was analysed 
separately from that of the adult animals because the former were of 
particular interest since they had not been exposed to unspecified 
management practices on other studs. Results of the 4 variables for 

youngsters were taken as the numerator while the total number of 
youngsters on the stud was the denominator. A calculated dependent 

variable representing abnormal behaviour in general allowed comparison 
between youngsters that performed any of the four listed behaviours and 
those that showed none. 
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Independent variables. 

General Stud Description 

Numbers of horses. Breeders were asked how many stallions, foals and 

yearlings they had on their stud. Mares were reported in three categories: 

permanent, "visiting" (long-term boarders), and "walking-in" (those that 

simply spent one or two days at the stud per season). Stud size was included 

as a categorical variable with four levels (1 to 8 horses, 9 to 18 horses, 19 to 37 

horses and 38 or more horses) and the smallest studs were selected as the 

reference category (R=reference category). 

Type of breeding. Breeders were asked to specify whether or not their stud 
was purely Thoroughbred. This was included as a binary variable (R). 

Type of stallions. Breeders were asked to specify whether their stallions 
were primarily used as sires for Flat racing, N. H. (R) or whether they were 
useful for both. This was treated as a categorical variable with three 
categories. 

Staffing levels. Breeders were asked how many full-time staff were working 
on the stud at the time of the survey. This was included as an ordered 
categorical variable with three levels (1 to 3 workers, 4 to 6 workers and 7 or 
more workers). They were then asked how many of these were female. 
This was analysed with four categories (one or fewer, two or three, four and 
more than four female workers). 

Weaning 

Weaning method. Trainers were asked to specify what method they used to 
wean their foals. By using three categories in this variable, the traditional 
method of placing the foal in a loose-box on its own (R) was compared to 
removing mares from mare-and-foal groups and removing groups of foals 
from mare-and-foal groups to group-housing. 

Age at weaning. Breeders were asked to state the age, in months, when they 
weaned their foals. This was analysed as a categorical variable with less 
than six months being the reference category (R) and the other categories 
being six months and over six months.. 

64 



Stable management of weanlings. 

Stocking rate of weanlings. Breeders were asked to specify the stocking rate 

they adopted for freshly-weaned foals. This was treated as a categorical 

variable with three levels: less than one foal per acre (R), one to three foals 

per acre and more than three foals per acre. 

Housing of weanlings. The first house experienced by freshly-weaned foals 

was described by two categories: boxed individually (R); boxed in groups. 

The provision of forage to weanlings. Breeders were asked to state whether 
(R) or not their freshly-weaned foals received ad libitum hay. 

Foaling 

Site of parturition. Breeders were asked to state whether (R) or not they 

ever let their mares foal outdoors. 

Number of foaling-boxes. Breeders were asked to specify the number of 
foaling boxes they had on their studs. This was treated as a categorical 
variable with six levels: three foaling boxes or fewer (R), four or five; six; 
seven or eight; and more than eight. 

Method of turning-out. Breeders were asked to specify whether, at their first 
turning-out, their mare-and-foal pairs were turned alone (R), with one 
other mare-and-foal pair or with a group of mare-and-foal pairs. 

Stocking rate for mares and foals. Breeders were asked to specify the 
stocking rate they adopted for mare-and-foal pairs at the height of the 
breeding season. This was treated as a categorical variable with four levels: 
less than one mare-and-foal per acre (R); one mare-and-foal per acre; two 
mare-and-foals per acre; three or more mare-and-foals per acre. 

Use of foal creep. Breeders were asked to specify whether (R) or not they 
used foal creep. 

Overnight housing of mares-and-foals. Breeders were asked to specify 
whether (R) or not they brought foals in at night when the foals were less 
than one month old. 
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Foal handling. 

The first use of foal-slips. In order to develop an index of how early on in 

life the foals on the respondents' studs were handled, breeders were asked to 

specify when they first fitted foal-slips (light head-collars) to their foals. This 

was treated as a categorical variable with two levels: less than one week of 
age (R); one or more weeks. 

Feet-handling. For similar reasons as explained above, breeders were asked 
to state when they would expect their foals to pick up their hooves when 
asked. This was a categorical variable with three levels: less than one 
month (R); one to two months and more than two months. 

Handling of foal while dam was being served The structure of the 
thoroughbred industry means that breeders are anxious to have their dams 

served as soon as possible after parturition. Mares have their first oestrous 
9-11 days after foaling and it is important to investigate the foal's 

management during this procedure, since, for their own safety, foals are 
sometimes stabled away from the service area. When this occurs, it 

represents their first time in a stable alone prior to being weaned. Breeders 

were asked to specify whether (R) or not their foals were generally within 
sight when their dams were served. 
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Data analysis 

All analyses were performed on data for individual horses calculated from 

the replies from each stud. 

Univariate analyses. The data were entered onto a database within SPSS 4.0 

for analysis. Chi square tests were used to examine associations between 

independent variables and each of the five dependent variables. In 

addition, Mantel-Haenszel tests of trend were carried out where 

approximately linear relationships were found. Associations between the 
independent variables were also investigated. 

Regression analyses. In order to adjust for potential confounding, the 

relationship between dependent and independent variables was 
investigated further using stepwise unconditional logistic regression in 
Genstat 5 (1987). Type of breeding, provision of forage to weanlings, turn- 

out time for mare-and-foal pairs, the use of foal creep and the overnight 
housing of mare-and-foal pairs were offered to the model as binary variables 
while all the others were included as categorical variables. Maximum 
likelihood estimates of adjusted odds ratios and 95% CIs were obtained. 
This was done in order to allow for the possible confounding effects of other 
variables. Final models included only variables that resulted in a significant 
change in deviance according to the Likelihood Ratio Statistic generated by 
the logistic regression analysis. 

Odds ratios. The odds of an event occurring are defined as the ratio of the 
probability that it will occur to the probability that it will not. The odds ratio 
is the ratio of the odds of anomalous behaviour (e. g., a given horse being a 
weaver) in the exposed group (e. g., medium-sized studs) to the odds of 
anomalous behaviour in the unexposed group (e. g., small-sized studs). An 

odds ratio greater than 1.0 indicates an increase in risk whereas an odds ratio 
less than 1.0 represents a decrease in risk. 

Random effects modelling (extrabinomial regression analysis). To verify 
the significance of factors identified as being important by the unconditional 
stepwise regression model, an additional parameter was used in a random 
effects model to account of extrabinomial variation. This variation can arise 
due to lack of independence of horses that are reported in clusters. 
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Validity, non-response bias and repeatability. 

The validity of the response was measured by comparing the results with a 
known measure of the number of mares from the 1992 edition of 'The Turf 

Directory'. Non-response bias was assessed by comparing this parameter 
between respondents and non-respondents. Early and late respondents 

were compared using the same variable. 

The repeatability of the response was tested by sending a questionnaire to a 

subgroup of 10 systematically sampled respondents on 12th March 1993 

asking identical questions about 1992. This enabled us to compare the 

answers for 1992 after twelve months. 

Results 

Response Rate 

Of the 163 breeders, 76 returned questionnaires, giving an overall response 
rate of 46.6 per cent. Of the 76 breeders who replied, two indicated that they 

were unable to take part in the study because they were no longer breeding 

and 3 stated that they were too busy. These were removed from the study 
leaving 71 usable returns (42.3 per cent) that described the management and 
behaviour of 5,688 stallions, mares, yearlings and foals. 

Survey Quality 

Estimates of the number of permanent mares on the studs were taken from 
"The Turf Directory 1992". The correlation between these values and those 
quoted in the survey responses was taken as an indication of the validity of 
the information gathered. The correlation coefficient for the number of 
permanent mares on the studs was 0.7. 

The repeatability study comparing stud size, number of three year olds and 
number of two year olds as reported in 1992 and then in 1993 found 
correlation coefficients of 0.65 in five replies from the ten breeders who 
were contacted. 

Using the independent measure (mare numbers), there were no significant 
differences between the respondents and the non-respondents. The same 
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measures were used to compare early and late respondents and no 
significant difference was detected. 

The overall description of respondent studs 

Breeders who responded to the survey had a mean total of 29.52 (± 3.5; 
interquartile range 8 to 46) horses on their studs. Of the 71 respondents, 59 
(83.1 per cent) stated that their studs were purely T. B. studs. Thirty-six studs 
had no stallion standing i. e., they were foaling and producing centres rather 
than composite breeding centres. The mean number of stallions on the 

remaining 35 studs was 1.79 (± 0.1) and these stallions were mainly N. H. 

sires (54.3 per cent compared to 31.4 per cent being both N. H. and Flat sires; 
while 14.3 per cent were only used as Flat sires). 

The mean number of permanent, visiting and walking-in mares was 15.94 ± 
1.79,48.76 ± 7.7 and 11.38 ± 3.05 respectively. The mean total number of staff 
was 5.39 ± 0.66 and, of these, 1.69 ± 0.23 (31.3 per cent) were females. The 

mean stocking rate of mare-and foal pairs was 2.23 ± 0.11 per acre, similar to 
the mean stocking rate for weanlings: 2.15 ± 0.12 per acre. The mean 
number of foaling boxes per stud was 4.94 ± 0.51 
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Associations between management factors 

Not surprisingly, studs with more horses had more foaling boxes (Mantel- 

Haenszel tests of trend chi-squared=5.943, p=0.015). They were also more 
likely to isolate foals when their dams were being served (Mantel-Haenszel 

tests of trend chi-squared=4.99, p=0.025). Studs which adopted higher 

stocking-rates weaned their foals later (Mantel-Haenszel tests of trend chi- 

squared=7.49, p=0.0062). From the point of view of study-validity, it was 

reassuring to note that studs which weaned by isolating their foals were 

those which used individual boxes rather than group-houses for weanling 

accommodation (Mantel-Haenszel tests of trend chi-squared=5.51, p=0.019). 
Similarly, studs which brought their mare-and-foal pairs in at night when 
the foals were less than a month old were the ones that fitted foal slips early 
(Pearson chi-squared=13.39, p<0.001). 

Stud sizes ranged from 4 to 230 horses. The mean stud size was 33.9 horses 

(interquartile range 22 to 90). 

Prevalence of abnormal behaviour 

Abnormal behaviour was reported in 64 foals and yearlings (4.1 per cent). 
The prevalence of crib-biting/wind-sucking, weaving, box-walking and 
wood-chewing in foals and yearlings were 0.86,0.59,0.41 and 2.8 per cent 
respectively. Twenty-one (32.8 per cent) of the young horses performing 
abnormal behaviour were on one yard. These data were used in regression 
analyses. 

When all age groups (stallions, mares and offspring) were added together 
the prevalence of crib-biting/wind-sucking, weaving, box-walking and 
wood-chewing were 2.3,2.0,0.7 and 2.5 per cent respectively. 
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Distribution of abnormal behaviour 

Of the 71 studs, 57 (80.3 per cent) reported at least one horse performing an 
abnormal behaviour. When wood-chewing was excluded, this figure fell to 
52 (73.2 per cent). Fourteen yards (19.7 per cent) reported foals and yearlings 
that showed abnormal behaviour. 
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The Associations between Management Factors and Abnormal Behaviours. 

Using univariate analysis, several variables relevant to the general stud 
description were found to have significant associations with the prevalence 

of abnormal behaviours. Studs that kept only thoroughbred stallions 

reported significantly more wood-chewing (Pearson chi-squared=8.55, d. f. =1, 

p<0.01), crib-biting (Pearson chi-squared=12.21, d. f. =1, p<0.01) and abnormal 
behaviour in general (Pearson chi-squared=10.18, d. f. =1, p<0.05) than studs 

with stallions of a variety of breeds. Studs with a total number of horses up 
to 8 and between 19 and 37 horses were significantly more likely to report 

wood-chewing (Pearson chi-squared=37.3, d. f. =3, p<0.001), crib-biting 
(Pearson chi-squared=11.02,, d. f. =3, p<0.05) and abnormal behaviour in 

general (Pearson chi-squared=39.99, d. f. =3, p<0.001) than studs with between 
9 and 18 and those with more than 38 horses. Breeders with three stallions 
were significantly more likely to report wood-chewing (Pearson chi- 
squared=23.18, d. f. =6, p<0.001), crib-biting (Pearson chi-squared=14.33, d. f. =6, 
p<0.05) and abnormal behaviour in general (Pearson chi-squared=39.88, 
d. f. =6, p<0.001) than those with between less than three and those with 
more than three stallions. Stallions used specifically as sires of Flat 

racehorses were associated with significantly more reports of wood-chewing 
(Pearson chi-squared=19.99, d. f. =3, p<0.001) and abnormal behaviour in 

general (Pearson chi-squared=39.99, d. f. =3, p<0.001) than were N. H. and dual 

purpose stallions. Studs with stallions used specifically as sires of N. H. 

racehorses reported significantly more crib-biting (Pearson chi- 
squared=27.14, d. f. =3, p<0.001) than studs with Flat and dual purpose 
stallions. Respondents that weaned foals by removing one mare at a time 
from the mares-and-foals group were significantly more likely to report 
wood-chewing (Pearson chi-squared=68.89, d. f. =6, p<0.001) and abnormal 
behaviour in general (Pearson chi-squared=64.21, d. f. =6, p<0.001) than those 
that used other weaning methods. Those studs with stocking densities of 
less than one weaned foal per acre were significantly more likely to report 
wood-chewing (Pearson chi-squared=10.06, d. f. =4, p<0.05), crib-biting 
(Pearson chi-squared=20.11, d. f. =4, p<0.001), weaving (Pearson chi- 
squared=15.27, d. f. =4, p<0.01) and abnormal behaviour in general (Pearson 

chi-squared=12.73, d. f. =4, p<0.05) than studs with more dense stocking rates. 

Breeders that housed weaned foals as a group reported significantly more 
wood-chewing (Pearson chi-squared=22.94, d. f. =3, p<0.001) and abnormal 
behaviour in general (Pearson chi-squared=22.93, d. f. =3, p<0.001) than those 
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that housed weaned foals individually. Studs that fed weaned foals ad 
libitum forage reported significantly more wood-chewing (Pearson chi- 
squared=5.60, d. f. =1, p<0.05) and abnormal behaviour in general (Pearson 

chi-squared=4.26, d. f. =1, p<0.05) than those that did not. Studs with four 
foaling boxes reported significantly more weaving (Pearson chi- 
squared=18.79, d. f. =8, p<0.05) and abnormal behaviour in general (Pearson 

chi-squared=33.93, d. f. =8, p<0.001) than those with fewer than or more than 
four foaling boxes. 

Studs that allowed their mares to foal outdoors reported significantly more 
weaving (Pearson chi-squared=13.41, d. f. =1, p<0.001), crib-biting (Pearson 

chi-squared=7.44, d. f. =1, p<0.001) and abnormal behaviour in general 
(Pearson chi-squared=8.36, d. f. =2, p<0.05) than those that did not. 
Respondents that did not isolate foals while serving their dams reported 
significantly more wood-chewing (Pearson chi-squared=27.19, d. f. =2, 
p<0.001), crib-biting (Pearson chi-squared=29.56, d. f. =2, p<0.001) and 
abnormal behaviour in general (Pearson chi-squared=19.21, d. f. =2, p<0.001) 
than those that did. Studs that put foal-slips on their foals before they were 
seven days old reported significantly more wood-chewing (Pearson chi- 
squared=6.58, d. f. =1, p<0.05) and abnormal behaviour in general (Pearson 
chi-squared=7.42, d. f. =1, p<0.001) than those that waited until the foals were 
older. 

Studs that trained their foals to pick their feet up before they were seven 
days old reported significantly more wood-chewing (Pearson chi- 
squared=13.07, d. f. =4, p<0.05), crib-biting (Pearson chi-squared=19.69, d. f. =4, 
p<0.001), box-walking (Pearson chi-squared=17.43, d. f. =4, p<0.001) and 
abnormal behaviour in general (Pearson chi-squared=55.01, d. f. =4, p<0.001) 
than those that waited until the foals were older. 

Studs that turned their mares-and-foals out on the second day of the foal's 
life reported significantly more wood-chewing (Pearson chi-squared=8.07, 
d. f. =2, p<0.05) and weaving (Pearson chi-squared=12.49, d. f. =2, p<0.001) than 
those that turned-out within 24 hours of parturition or when the foal was 
more than two days old. Breeders who bring their mares-and-foals indoors 
at night reported significantly more wood-chewing (Pearson chi- 
squared=3.84, d. f. =1, p<0.05) and abnormal behaviour in general (Pearson 
chi-squared=7.61, d. f. =1, p<0.001) than those who did not. 
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The only variables that showed no significant correlation with the 

prevalence of abnormal behaviour were the use of foal creeps and the type 

of turning-out first used after parturition. These were not included in the 

multivariate regression analyses. After logistic regression analysis, the ratio 
of residual deviance to residual degrees of freedom was 5.46. The order of 
entry in regression models and the multivariate relationships between yard 
variables and abnormal behaviour in general are shown in table 2.3. 

Discussion 

The proportion of horses performing abnormal behaviour is discussed in 

section 2: 7. The approximate ratio of mares to stallions is 56: 1 which is what 
one would expect (Dougall, 1973). However, it is interesting to note that the 
number of mares (5176) on responding studs outstrips the number of foals 

and yearlings (1550). Although it is not possible to account for the number 
yearlings that have been sold nor for foals that have yet to be born in the 
remainder of the year, the reported mean productivity per mare is 

surprisingly low at 14.9 per cent (100 per cent would represent one foal per 
mare per year, 70 per cent has been reported by Ensminger, 1969). This 
figure may indicate that the thoroughbred industry should adopt a more 
radical culling policy and/or that poor fecundity is being selected for 
(Rossdale, 1968). 

Since foals and yearlings were the most likely group of animals to have 
been raised solely in the responding yard and not have been exposed to 
other forms of management, they were of particular interest. However, 
relative to the whole group and to previous surveys (sections 2: 2 and 2: 3), 
very few (4.1 per cent) were reported as performing abnormal behaviour. 
Furthermore, these were reported by a small number of respondents with 
one yard contributing 32.8 per cent of the 64 abnormal foals and yearlings. 

With ordinary stepwise logistic regression alone, the survey identified a 
number of management factors that are related to the risk of a horse 
performing abnormal behaviours including stereotypies. However, after 
performing a logistic regression analysis, one expects that the residual 
deviance will be approximately equal to the residual degrees of freedom. In 
this case the residual deviance was five times greater than the residual 
degrees of freedom, suggesting that the regression model does not 
effectively explain the relationship between management factors and the 
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prevalence of abnormality. The random effects model, which has recently 
become available, illustrated that none of the management factors 
highlighted by the stepwise logistic regression model were significant. 

The problem with these data is that, although they describe the 

management and behaviour of a large group of horses, they are the 

responses from 71 stud proprietors many of which reported no abnormal 
behaviour. This created a clustering of stereotypies and management factors 
for all animals on any given stud. Therefore, the concern highlighted by the 

random effects model is that the initial regression analysis identifies 

apparently significant associations that reflect what happens, for example, 
on a single stud or a small number of studs that happen to share 
management factors. 

From the current results, it is not possible to say which management factors 
on studs are linked to the development of stereotypies in horses at around 
the time of weaning. 
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2.5: Study Four: Individual Profiles of Young Stereotypic Thoroughbreds. 

Introduction 

Bank voles have been studied by applied ethologists because of their 

tendency to develop stereotypies in captivity. Their jumping and vaulting 

stereotypies have shown emancipation from their initiating causes (Odberg, 

1978). Similar longitudinal studies have yet to be conducted in horses. The 

expense of breeding and studying young horses as an experimental group 

that would have to have controlled feeding, handling, exercise and access to 

conspecifics is prohibitive. 

As a preliminary step, respondents to the surveys described in sections 2: 2, 

2: 3, and 2: 4 were asked to give information about affected horses. The time 

of onset of the abnormal behaviour was of particular interest since it is 

possible that only behaviours that arose while the horse was at the 

responding trainer's yard should be associated with current management 
factors on that yard. In cases where the behaviour had been present at the 

time of arrival on the training yard, the intention was to trace the horse's 

history back to its stud of origin. Then information about management 
factors on that stud would be examined in relation to that behaviour. The 

current work aimed to determine the extent to which abnormal behaviour 
being displayed on studs and training yards could be related to management 
factors in the horse's current environment. 

Trainers and breeders could also be asked about the concern that individual 
behaviours caused them. The value of the profiles lay in identifying which 
behaviours were associated with increased concern and which were most 
likely to prompt attempts at prevention. Reasons for concern could also be 

ascertained at this stage. 

Individual profiles can specifically characterise the time-course over which 
behaviour changed relative to management. The value of questions about 
the time of onset of abnormal behaviour lay in identifying what length of 
time horses were exposed to management factors defined by the other 
sections of the survey before they began to behave abnormally. They also 
helped to identify which age groups in the three different enterprises were 
most likely to commence the performance of anomalous behaviour 
patterns. Finally these profiles offered the opportunity to determine 
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whether the percentage of horses which began behaving abnormally was 

comparable from year to year. 

Methods 

The 463 Flat and National Hunt trainers that were sampled in the three 

Thoroughbred surveys (sections 2: 2,2: 3 and 2.4 respectively) were invited to 

complete confidential individual questionnaires about any horses that 

performed stereotypies. 

Names of the horse, its sire and its dam. Trainers and breeders were asked 
to identify the affected horse, its sire and its dam. They were invited to use a 

code of their own to identify the individual if they felt unable to disclose the 

registered name. 

Sex Trainers were asked whether the youngster was a filly, colt or gelding. 
Breeders were simply asked to state whether the affected horse was male or 
female. When the data sets were amalgamated, this was treated as a binary 

variable 

Year of Birth All thoroughbreds have the same official birthday. Therefore 
trainers were simply asked to state the year of birth using a series of tick- 
boxes. 

Date of arrival Trainers and breeders were asked to specify when horse 

arrived on their premises. 

Date of appearance of the abnormal behaviour Trainers and breeders were 
asked to specify when the horse was first seen performing the abnormal 
behaviour. 

Origin Trainers and breeders were asked to specify from which stud the 
horse came. 

Type of abnormal behaviour Using tick-boxes, trainers were asked to specify 
whether individuals were weavers, crib-biters/wind-suckers, box-walkers or 
wood-chewers. 
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Time when the abnormal behaviour was first detected Trainers and 
breeders were asked to state when the abnormal behaviour was first detected 

by specifying the month or the year or to state whether the behaviour was 

already present when the youngster arrived at the training yard. 

The abnormal behaviour as a cause of concern to the trainer Trainers and 
breeders were asked to state whether or not the stereotypy concerned them 
and, if it did, why. 

Attempts at prevention Trainers and breeders were asked to state whether 
or not they had tried to prevent performance of the behaviour. 

Analysis 

The data were entered into SPSS 4.0 for analysis. Cross-tabulations, using 
Pearson chi-square tests, were made between specific behaviours and sex, 
time of detection, the concern they caused and the extent to which attempts 
were made to prevent their performance. 
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Results 

Of the 1287 horses reported as showing abnormal behaviour in the three 

surveys, profiles were returned on 223 (17.3 per cent). Of the 223 responses, 

122 (54.7 per cent) came from Flat trainers, 38 (17 per cent) from National 

Hunt trainers and 63 (28.3 per cent) from Thoroughbred breeders. 

Results from the racing industry are reported separately and then have been 

combined with the results from the breeders to give accumulative data for 

the Thoroughbred population in general. 

(i) Responses from Flat and N. H. trainers 

Responses to questions 

Names of the horse, its sire and its dam. Eighteen of the respondents 
specified the names of affected horses and 12 of these supplied the names of 

affected horses' dams and sires. 

Sex Of the 160 profiles received, 61 referred to females and 92 to males. 
Seven of the profiles did not specify the sex of the affected horse. 

Year of Birth Most of the horses described in individual profiles were four- 

year olds or younger: 62 (38.8 per cent) were born in 1989; 60 (37.5 per cent) in 

1990 and 26 (16.3 per cent) in 1991. 

Origin 13 of the respondents, answered this part of the questionnaire. 

Type of abnormal behaviour A total of 35 weavers, 89 crib-biters/wind- 
suckers, 25 box-walkers and 21 wood-chewers were described by these 
individual profiles. 

Time when the abnormal behaviour was first detected The abnormal 
behaviours were present at the time of the horse's arrival on the yard in 87 

cases and first detected during the horse's stay on the yard in 67 cases. Six 

replies did not include a response to this variable. 

The stereotypy as a cause of concern to the trainer/owner Of the 160 
behaviours reported, 83 (51.9 per cent) were a cause of concern to owners 
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and trainers and 76 (47.5 per cent) were not. One reply did not include a 
response to this variable. 

Attempts at prevention Attempts were made to prevent 110 (68.8 per cent) 
of the horses from performing their abnormal behaviour. 

Relationship between specific abnormal behaviours and other factors. 

Respondents who were concerned by anomalous behaviours had, not 
surprisingly, a significant positive correlation (Pearson Chi-square value 
12.69, d. f. =4, p<0.05) with those who attempted to prevent them. 
Prevention was attempted in 13 of the 25 (52 per cent) box-walkers, 21 of the 
35 (60 per cent) weavers, 64 of the 89 (38 per cent) crib-biters/wind-suckers 
and 19 of the 21 (76 per cent) wood-chewers. None of the behaviours were 
positively correlated with attempts at prevention. Neither gender was more 
significantly correlated with an anomalous behaviour than the other. 

(ii) Results from three surveys 

Responses to questions 

Names of the horse, its sire and its dam. Forty of the respondents specified 
the names of affected horses and 25 of these supplied the names of affected 
horses' dams and sires. 

Sex Of the 223 profiles received, 113 referred to females and 110 to males. 

Year of Birth Most of the horses described in individual profiles were four- 

year olds or younger: 66 (29.6 per cent) were born in 1989; 61 (27.4 per cent) in 
1990 and 30 (13.5 per cent) in 1991. 

Origin 23 of the respondents, answered this part of the questionnaire. 

Type of abnormal behaviour A total of 62 weavers, 116 crib-biters/wind- 
suckers, 35 box-walkers and 33 wood-chewers were described by these 
individual profiles. 

Time when the abnormal behaviour was first detected The abnormal 
behaviours were present at the time of the horse's arrival on the yard in 117 
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cases and first detected during the horse's stay on the yard in 96 cases. Ten 

replies did not include a response to this variable. 

The stereotypy as a cause of concern to the trainer/owner Of the 223 

behaviours reported, 117 (52.5 per cent) were a cause of concern to owners, 
breeders and trainers and 105 (47.1 per cent) were not. One reply did not 
include a response to this variable. 

Attempts at prevention Attempts were made to prevent 148 (66.4 per cent) 
of the horses from performing their abnormal behaviour. 

Relationship between specific abnormal behaviours and other factors. 

Respondents who were concerned by anomalous behaviours had, not 
surprisingly, a significant positive correlation (Pearson Chi-square value 
26.6, d. f. =2, p<0.0001) with those who attempted to prevent them. 
Prevention was attempted in 20 of the 35 (57 per cent) box-walkers, 34 of the 
62 (55 per cent) weavers, 80 of the 116 (69 per cent) crib-biters/wind-suckers 
and 26 of the 33 (79 per cent) wood-chewers. Of the four behaviours, 

weaving was the only one to be significantly linked (Pearson Chi-square 

value 4.0, d. f. =1, p<0.05) to the absence of concern on the part of respondents 
and the absence of any attempt to prevent them (Pearson Chi-square value 
7.3, d. f. =2, p<0.05). Wood-chewing was the only behaviour to be 

significantly related (Pearson Chi-square value 6.6, d. f. =1, p<0.05) to 
respondents reporting that the behaviour arose after the horse arrived on 
the yard. It was also positively correlated to the affected horse being female 
(Pearson Chi-square value 6.3, d. f. =2, p<0.05, figure 2.10) and was linked 

significantly (Pearson Chi-square value 12.69, d. f. =4, p<0.05) to attempts at 
prevention. 
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Discussion 

The small number of respondents to this survey precluded the application 
of multivariate analysis. The poor response to questions about the identity 

of the affected horses and their parents may have arisen because, despite my 
assurances of confidentiality, trainers and breeders were concerned that 
their horses' value would be affected by being identified. The influence of 
heredity on the frequency of stereotypic behaviour is acknowledged by many 
horse-folk and may influence their selection of breeding stock. Therefore, 

the owners of stereotypic stallions would be less likely to respond than the 

owners of stereotypic mares because to do so might threaten future revenue 
from stud fees. Similarly, the identity of all stallions standing at a named 
stud is public knowledge and concerns about publication of data may have 
deterred breeders from replying to the Thoroughbred breeders survey (to 

which these profiles were supplementary). 

It is possible that knowledge of the genetic components involved in equine 
stereotypies means that affected stallions are simply less likely to stand at 
stud. 

There was also a poor response to the question about the origin of the 
animal. This may have been because the owners of affected horses 

mistrusted my assurance of confidentiality and therefore did not wish to be 
responsible for unsolicited investigations being conducted at studs which 
they had named. Since the purpose of questions about the identity of 
affected horses , their parents and their origins had been to pursue lines of 
enquiry into certain blood-lines, this small number of responses was not 
subjected to further analysis. 

Horses involved in Flat racing are younger than those in National Hunt 
(see 2: 2) and in the breeding population. The relatively large number of 
yearlings, two year olds and three year olds compared to horses from other 
age groups is a reflection of the distribution of respondents since the 
majority were trainers of Flat racehorses. 

The gender distribution of horses reported in these profiles does not concur 
with that of the general racing population. Racing yards in 1993 reported a 
mean number of 8,065 (69.1 per cent) were colts and geldings and 3,598 (20.9 
per cent) were mares and fillies in training (Weatherbys, 1993, pers. comm. ). 
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This disproportion may have been offset by the inclusion of a large number 

of females described in profiles from studs (50 of the 63 responses). 

The relationship between a behaviour being a cause of concern to owners 

and their attempting to prevent it, is to be expected. The literature suggests 

that all of the behaviours studied in this survey can be deleterious to health. 

Because of energy-expenditure weaving and box-walking are thought to 

cause weight-loss (Fraser, 1980; Fraser and Broom, 1990, ). Crib-biting is 

thought be linked to unthriftiness (Fraser, 1980; Kiley-Worthington, 1983) 

gastro-intestinal catarrh, colic and reduced food intake (Dodman et al., 1987; 

Houpt, 1987a; Fraser and Broom, 1990) tooth-wear (Dodman et al., 1987; 

Houpt, 1987b; Broom, 1983) and ingestion of splinters (Delimeier, 1989). 

Some abnormal behaviours are harder to prevent than others. Therefore, 

the significant relationship between wood-chewing and attempts to prevent 
it may not reflect a raised level of concern about this behaviour compared to 

the other three in this study. It is easier to paint a taste-deterrent over the 

wooden projections within a loose-box in an attempt to prevent wood- 

chewing than, for example, it is to re-design the interior of a stable in an 

attempt to prevent box-walking. 

It is interesting that weaving was the only behaviour to be significantly 
linked to the absence of concern. While wood-chewing has unwelcome 
consequences such as intestinal obstruction (Green and Tong, 1988) and the 

expense of replacing timbers (McCall, 1993), weaving has not been shown to 
be linked to any specific problems. The energy expended on performing the 
behaviour has not been quantified but it is appreciable and is a cost to the 

owner but not necessarily the horse. No work has been done to determine 

if weaving is associated with musculoskeletal degeneration. Anecdotally, 

some trainers felt that weavers were unthrifty while others actually 
favoured them because they felt that they were less likely to have tendon 

problems (presumably because weaving can be seen as repetitive exercise at 
a reasonably slow pace and as such might favour the development of robust 
flexor tendons). 

With hindsight, despite the poor response rate it may have been useful to 
have characterised the general behaviour of the horses referred to in the 

profiles. In other species, individuals that show stereotypies tend to show 
higher levels of activity (Rushen, 1984; von Borrell and Hurnik, 1991; 
Cooper, pers. comm. ), therefore, this may have been an opportunity to 
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harvest some data on reactivity scores and then compare them with the 

scores of horses matched for sex and age from the General Stud Book. This 

would only provide assessments of the current behaviour of profiled horses 

and since it may be that stereotypies could alter activity levels e. g. by causing 
fatigue in the subject, one would be unable to determine whether there was 
a cause-and-effect relationship between stereotypies and activity levels. 

In conclusion, the individual profiles of horses did not identify particular 
bloodlines which performed more abnormal behaviour than the general 
Thoroughbred population. This part of the three Thoroughbred surveys 
showed that trainers and breeders were likely to attempt to prevent 
abnormal behaviour if it concerned them. Weaving was the least 

concerning behaviour and wood-chewing the most concerning. 
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2.6: Study Five. The prevalence of abnormal behaviours in populations of 

dressage, eventing and endurance horses. 

Introduction. 

The aim of the study was to determine how the behaviour of horses 

competing in different disciplines might vary and to examine the 

relationship between time spent out of the stable and the prevalence of 

abnormal behaviour. The study did not ask owners about other 

management factors. 

Methods 

The prevalence of four behaviour patterns, commonly described as "stable 

vices", was investigated by a postal survey in the winter of 1992. All 

members of the British Horse Society's Dressage (B. D. G. ), Eventing (H. T. G. ) 

and Endurance Riding (E. R. G. ) groups were surveyed by the inclusion of a 

questionnaire within their regular monthly mailing. Members of the 
British Show-jumping Association could not be surveyed in the same way 
because their monthly mailing took the form of magazine in which loose 

leaflets could not be included. 

Study Design 
A self-administered one-page postal questionnaire was used to collect data. 

Apart from the changes in the question about sporting body membership, 
the same design was used for each population. The following questions 

were asked: 
How many horses registered with the sporting body were owned? 
How many of these horses had the behaviours listed? 

Had the owners specifically tried to prevent these behaviours? 
How many hours per day did their horses spend out of their stables? 
Did the owners believe that horses could acquire these behaviours by 
imitation? 

Data analysis 

All analyses were performed on data for individual owners calculated from 
the replies from each yard. The data were entered onto a database within 
SPSS 4.0 for analysis of the relative frequency of the four behaviours and for 
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determination of the interquartile ranges of the time spent in the stable. 
Chi square tests (Epi-info, Dean et al., 1990) were used to determine any 
differences between disciplines in the prevalence of abnormal behaviour 

and to examine the relationship between time spent out of the stable and 
the prevalence of abnormal behaviour for each discipline. For the latter, a 
score was assigned to each quartile of the distribution of time spent out of 
the stable, and a chi-square test for linear trend performed. 

Results 

A total of 1101 responses were received, giving data on 1750 horses. From 
the dressage group 465 replies were received which represented 744 horses 
(16.32 per cent of the registered population). From the eventing group 471 

replies were received which represented 796 horses (13.32 per cent of the 
registered population). From the endurance group 165 replies were received 
which represented 211 horses (39.11 per cent of the registered population). 

The percentage prevalence of abnormal behaviour was 32.5 (maximum and 
minimum confidence intervals [C. I. ] 5.31 and 88.99), 30.8 (C. I. 4.73 and 
90.93)and 19.5 (C. I. ] 7.93 and 68.52) for the dressage, eventing and endurance 
groups respectively (figure 2.13). Maximum and minimum confidence are 
determined by supposing that all the non-respondents owned affected and 
non-affected horses respectively. 

The endurance group reported significantly less abnormal behaviour 

overall (chi-squared p<0.01) than the other two groups (table 2.4). The 

relative frequency of abnormal behaviour within each population followed 

a consistent pattern. For each of the behaviours except box-walking, the 
endurance group reported significantly fewer than the other two groups. 
Some horses performed more than one behaviour. Thus, when the 
prevalences of the four behaviours, expressed as percentages, were summed 
they exceeded one hundred. 

Endurance horses spent significantly more time out of their stables than 
horses in the other two groups (one way ANOVA F=41.4, p<0.001). There 
was also an association within each discipline between time spent out of the 
stable and prevalence of abnormal behaviour. The time spent out of stables 
by each group was expressed in quartiles (table 2.5) which were then used to 
determine the relationship between time spent in the stable and the 
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prevalence of abnormal behaviour. This trend was expressed as an odds 

ratio. Chi square tests for linear trend were significant for the horse trials 

group (34.62 p<0.001) and the dressage group (3.90 p<0.05). 

793 respondents (72%) believed horses could copy these behaviours, 287 

(26%) did not believe this and 22 (2%) did not know. 

Discussion 

The time a horse spends out of the stable is related to the discipline for 

which it is being trained. It is not possible from these data to suggest a 

causative link between spending time over a certain threshold in a stable 

and the development of abnormal behaviour but the differences in 

management between horses of different disciplines certainly merit detailed 

consideration. Endurance horses are regularly ridden for more than three 
hours per day and often compete while being maintained at grass. Eventers 

are generally managed more intensively since it is considered important to 

control the amount of roughage they consume. Equally, dressage horses are 
thought to be less responsive to their handlers if kept at grass. 

We found that box-walking was relatively frequent in endurance horses. 

Possibly these horses may be motivated to keep moving through some form 

of physiological reward. This incentive could involve the regulation of 
cortisol and endogenous opioids. The latter could be examined further with 
opioid antagonists in the same way as crib-biting has been. However, the 
fact that opioid antagonists can transiently stop a number of behaviours 

other than just stereotypies can make such investigations difficult to 
interpret (Rushen et al., 1990). Alternatively, the stable may be more 
aversive to endurance horses than to others because they receive less of 
their daily food ration there or because they are less habituated to 

confinement. Thus, box-walking could be a redirected escape response to 
the aversive stimulus which a stable represents. 

A number of areas where possible limitations of the study might exert an 
effect were considered. Firstly, since there was a consistent pattern across 
disciplines in the relationship between time spent out of the stable and the 
odds of a horse performing an abnormal behaviour and since this 
consistency was supported by values of p<0.05 and p<0.0001, the 
relationship between time spent out of the stable and the prevalence of 
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abnormal behaviour was unlikely to have occurred by chance. However, it 

is accepted that, because some owners had more than one horse, there may 
be a clustering effect (i. e. a lack of independence) that is not accounted for in 

the analysis. 

Secondly, the link between time spent out of the stable and the prevalence 
of stereotypies could have been confounded by some unmeasured 
parameter associated with this period e. g. mass of grass ingested at pasture 
or fatigue resulting from ridden exercise. The relative importance of 
behaviours performed out of the stable and their relationship to the 

prevalence of stereotypies therefore merits further study. 

Thirdly, previous studies have estimated a lower prevalence of stereotypies 
on the yards of English Flat and National Hunt trainers e. g., 1.1,4.2 and 2.8 

per cent for box-walking, crib-biting/wind-sucking and weaving respectively 
(Prince, 1987). This would suggest that the overall estimates of prevalence 
of abnormal behaviour in the current study are biased by the over-reporting 
of horses with abnormal behaviour. This was anticipated and an attempt to 

avoid such a bias was made by requesting the co-operation of all owners 
regardless of their horse's behavioural status. These estimates can be 
interpreted with the maximum and minimum confidence intervals which 
are determined by supposing that all the non-respondents owned affected 
and normal horses respectively. 

Finally, the frequency of wood-chewing in all three populations merits 
consideration. Wood-chewing is less invariant than a stereotypy since an 
individual horse may chew wood from a number of different sites within 
its stable. This behaviour was included to minimise under-reporting of 
early oral-based stereotypies. The question in the survey asked how many 
of the owner's horses regularly chewed wood in the stable. However, the 

reported relative frequency of wood-chewing may be magnified because of 
its expense to the owner. 

It is known that equestrians within different disciplines favour different 
breeds or types of horses. Classically, this is demonstrated by the prevalence 
of Arabs and Arab crosses in endurance riding, Thoroughbred crosses in 
eventing and Warmbloods in dressage. However, these are all said to be 

among the more reactive of breeds (Kiley-Worthington 1983) and, as such, 
could all be expected to demonstrate a relatively high level of abnormal 
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behaviour in response to confinement. The current study may indicate that 
the aversiveness of being housed in a stable may differ between breeds of 
horse. Therefore, for example, if there is a critical period of daily 

confinement necessary for the development of stereotypic behaviour, this 

critical period may have a lower threshold in genetically predisposed horses. 
Alternatively, it is possible that all horses find the stabled environment 
aversive and that stereotypies represent a coping response which only 
certain breeds or individuals are able to perform. 

Most respondents believed horses to be capable of copying abnormal 
behaviours, despite the lack of evidence to support the possibility of 
observational learning (Baer et al., 1983). This may explain why stereotypic 
horses are often unpopular and are regularly isolated from normal 
companions. 

To conclude, one can say that the amount of time dressage and event horses 

spend in a stable is correlated with an increased risk of their performing an 
abnormal behaviour. This must be considered in the light of recent 
findings in Thoroughbreds trained for Flat racing which showed that factors 

related specifically to management of horses within their stables were 
strongly associated with stereotypic behaviour (section 2: 2; McGreevy et al., 
1995a). Further work is required to investigate the extent to which the type 
of abnormal behaviour performed by a horse depends on its breed or on the 
discipline within which it competes. Work in other species (Cooper and 
Odberg, 1991) suggests that, once established, stereotypies can become 
emancipated from their initiating causes. Therefore, to increase the time 
that a horse, with an established stereotypy, spends out of the stable may 
have little effect on its behaviour in the stable. 
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2.7: Comparison of the surveys. 

(1) General 

There are some interesting areas of agreement between the two surveys. 
While these are reassuring because they can be discussed in the light of what 

we know about equine ethology, we should not mistrust data responsible 
for areas of disagreement. The discrepancies between the two sets of results 

and findings that directly contradict our understanding of horse behaviour 

may not have arisen from unreliable reporting. 

a) Response rates 

Response rates the thoroughbred industry (T. B. ), as a result of direct 

mailing, varied from 42.3 per cent for breeders, 36.8 per cent of N. H. trainers 

and 54 per cent for Flat trainers. For the British Horse Society (B. H. S. ) who 
were approached by blanket mailing, responses were received from 13.3,16.3 

and 39.1 per cent of the eventing, dressage and endurance groups 
respectively. Therefore, the two types of approach have different rates of 
response because personalized mailings may instil a greater sense of duty in 

the recipients than do anonymous appeals. Similarly respondents may 
have differing motivation to reply (see later). 

b) Reliability 

While the ratios of residual deviance to residual degrees of freedom in the 
Flat and N. H. surveys was 0.76 and 0.9 respectively, there was a concerning 
rise to 5.46 for the breeders survey. This suggests an overdispersion of the 
data in the Thorougbred breeders survey that meant that it was not possible 
to rely on logistic regression analysis to identify associations between 

management factors and the prevalence of abnormal behaviours for horses 
on studs. 
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c) Owners versus Trainers 

Differing motivation to respond (as discussed above) may be why there were 
varying responses to questions about stereotypy prevention (table 2.7). 

For every behaviour the percentage of respondents that had attempted 
prevention was greater for the B. H. S. than for the T. B. industry. Since the 

owners of affected horses were being sampled in the B. H. S. survey and the 
trainers or stud owners in the T. B. survey, it may be that the former were 
more motivated to modify the behaviour of their own animals than the 
latter who were performing a care-taking role. Owners may be more aware 
of the cost they are having to pay for possessing stereotypic horses. 
Preliminary studies of the financial penalties which stereotypic horses 
impose on their owners (Prince, 1987) suggest that these are minimal 
compared to the drop in market value which occurs when a horse is 

exposed as being stereotypic. 

In the B. H. S. survey, owners were asked about attempts at prevention. They 
were not asked whether the behaviours caused concern. However, the 
degree of correlation between the two variables in the study of individual 
profiles suggests that the two are linked. 

It is possible that the respondents to the B. H. S. survey were those who had 

previously failed to prevent their horses' abnormal behaviour and 
therefore had more motivation to advance research by responding. 
Similarly, this could explain the discrepancies between the T. B. and the 
B. H. S. surveys in the reported prevalences of the behaviours. 

(2) Stereotypies and Age. 

When one considers the percentage prevalence of the four behaviours in 
the three T. B. groups, it is worth remembering that they represent results 
from horses of different age-groups and different forms of management. 
Given the principle of emancipation whereby, with the passage of time, 
stereotypies become independent of their initiating causes, it is not 
surprising that reports of animals having "grown out" of their stereotypic 
behaviour patterns are rare. One would expect the prevalence of 
stereotypies to rise with age and, since the proportion of young horses is 
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greater on Flat yards than on N. H. yards. this would be reflected in the way 

prevalence differs between disciplines . 

Classically, one would predict that wood-chewing would not follow this 

pattern since it is a redirected behaviour not a stereotypy. This implies that 

once the subject is provided with a more appropriate target on which to 

express its behavioural need, it will return to its normal behavioural 

repertoire. Therefore, unlike stereotypies, the prevalence of wood-chewing 

would not be expected to increase with age. 

Emancipation may explain why generally there is a rise in the number of 
stereotypies that are reported by N. H. trainers when compared to Flat 

trainers (figures 2.11 and 2.12). The only exception to this generalisation is 

seen in box-walking, which is reported less in N. H. yards than in Flat. It 

may be that box-walking, far from being cured, is cited as a reason for 

retirement from training. Therefore, horses which box-walk as youngsters 
may be withdrawn from training or even destroyed (Fowlston, pers. comm. ) 
because they are continually fatigued and this may be why they are 
relatively uncommon in groups of more mature animals. 

Of the 6250 adult animals in the dataset, 5268 (84.3 per cent) were on studs 
and were experiencing less intensive management than animals in 

training. Reasons for housing horses differ between studs and training 

yards. Because safer accommodation can be provided for stallions by 

stabling them, breeding males generally live-in throughout the year. Mares, 

on the other hand, are only brought indoors under lights that alter their 
cyclicity and subsequently to foal. Other reasons for stabling include the 
need to avoid poaching of pastures in winter and the need to produce 
youngstock with fine coats for the sales. 

Foals and yearlings grow best at pasture which facilitates the kinetic 
behaviour required for correct musculoskeletal development. Mares 
generally remain with their foals for six months during which time their 
lactation is enhanced by having ad libitum access to grass. 

Less time in the stable, which may mean less time to be both frustrated and 
observed stereotyping, may account for less crib-biting being reported in 
adults than in youngsters. The absence of a corresponding drop in the 
prevalence of weaving and box-walking may indicate that locomotory 
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stereotypies remain readily more detectable e. g. in the form of fence-walking 

under extensive management, than oral stereotypies. An alternative 

explanation is that the stabling of animals on studs, e. g. at weaning, is more 

thwarting than dietary limitations and therefore locomotory stereotypies are 

expressed more often than oral stereotypies. 

Finally, it is possible that stereotypies have been under-reported by breeders 

because of a reluctance to be identified with the production of affected 
horses. Trainers can blame breeders and breeding for unwelcome traits but 

transference of responsibility is not possible for breeders. In the individual 

profiles, a number of trainers stated that their youngsters had the abnormal 
behaviour when they arrived at the training yard from the sales. This 

would suggest that the behaviour first arose either at the stud or at the sale 
yard. The response rate to the individual profile study was too poor to be 

able to estimate the prevalence of established stereotypies at the yearling 
sales. If the responding breeders' results are representative of the 
Thoroughbred population, it would seem possible that the experience of 
moving from the stud of origin, mixing and sale at auction and then 
transportation to new premises were precipitating factors in the 
development of the anomalous behaviours. 

Wood-chewing has been associated with a lack of roughage and with 
inadequate exercise, therefore it is possible that as the thoroughbred 

population matures into N. H. work, its demands for roughage and exercise 
undergo a relative increase and compensatory behaviours become more 
prevalent in the population. 
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(3) Comparison of the surveys of N. H. and Flat trainers. 

a) Types of management factors selected for inclusion in regression 

modelling. 

The two surveys of trainers have a number of findings in common. Of the 
22 management factors that were investigated, seven were found to be 

associated with increased prevalence of abnormal behaviour in both groups 

of trainers. Six of these (forage amount, yard size, type of training, box 
design, possession of an exercise area and forage type) were selected by both 
N. H. and Flat logistic regression models for abnormal behaviour in general. 
Both surveys found that wood-chewing was associated with the same six 
management factors. Box-walking was not reported in sufficient numbers 
to be analysed in either of the surveys. 

Broadly speaking, the bigger survey consistently identified more factors 

associated with increases in prevalence of both specific and generalised 
anomalous behaviour. More commonly reported behaviours were linked 
to more management factors. Therefore it seems that for most abnormal 
behaviours, if a large enough population is sampled the suggestion will 
always be that they are multifactorial in origin. 

b) Order of entry into logistic regression model. 

The order in which factors were entered into the model for abnormal 
behaviour differed slightly between the two sets of analysis (tables 2.6. a. and 
2.6. b. ). Yard size was the most significant factor in the N. H. group but the 
second in the Flat group. Forage amount was the most significant factor in 
the Flat group but the third in the N. H. group. 

For wood-chewing, the differences in order of entry into the model were 
similar with yard size being the most significant factor in the N. H. group 
but the third in the Flat group. Forage amount was the fourth most 
significant factor in the Flat group but the sixth in the N. H. group. 
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c) Direction of the effect of common management factors 

The relationship between different levels of management factors and the 

risk of abnormal behaviour being reported by the two groups of respondents 
also differed. Greater amounts of forage were associated with increased risk 
in N. H. yards and decreased risk in Flat yards. To invert the cause-and-effect 
discussion in this instance, it is possible that N. H. trainers feed their horses 

more forage because they are wood-chewers. We have to ask why it is only 
N. H. horses that respond in this way. Despite the fact that the percentage of 
trainers feeding larger amounts of forage was similar for both groups of 
respondents (69.4 for N. H. and 71.6 for Flat trainers), it seems possible the 

more mature and larger framed N. H. horses may receive less forage per unit 
bodyweight than their Flat counterparts. This may precipitate more wood- 
chewing which may be treated in individual horses by remedial dietary 

manipulation. 

Reasons for discrepancies. 

Interestingly, weaving and crib-biting did not show common associations 
with management factors between the two surveys. Weaving was 
associated with five factors (yard size, bedding type and box design, forage 
type and amount) in the Flat survey (table 2.6. a. ) and a sixth (number of 
times forage was offered) in the N. H. (table 2.6. b. ). Crib-biting, on the other 
hand, was associated with three factors (forage amount, yard size and type of 
training) in the Flat survey and a fourth (box design) in the N. H. Explaining 

why this should be presents a number of challenges since one cannot cite 
survey size as a reason for such striking discrepancies. 

It may be that the motivation to crib-bite and to weave are different for 
horses being trained under the two sets of rules. We know that the mean 
ages of the horses in the two groups differ because of the nature of the 
different sorts of races. Age-related differences have been indicated in 
bovine stereotypies (Wiepkema et al., 1987; Fraser and Broom, 1990) which 
involve different manoeuvres of the tongue in calves that suck on the tips 
of their own tongues and in adult cows that adopt more lateral movement 
of the tongue. Therefore in horses, factors involved in the development of 
stereotypies in two year olds may be different from those involved in the 
development of stereotypies in three year olds. Horses that show 
stereotypies as two year olds rather than three year olds may do so because of 
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the management they experienced as two year olds or because they were 

particularly sensitive at that age to the effect of any type of stabling. 

Work in voles (Kennes et al., 1987) suggests that as the stereotypies 
themselves age they involve different physiological pathways. Since more 

mature horses predominate on N. H. yards, it is possible that N. H. horses 

have simply been stereotyping for longer than Flat horses. Therefore factors 

which stimulate abnormal behaviour in Flat horses may differ from those 

which perpetuate them in N. H. horses. Finally it is possible that the finding 

that different management factors are associated with crib-biting and 

weaving in the two groups may be attributable to the presence of different 

bloodlines in horses specifically bred for the different pursuits. For instance 

the degree to which social isolation is aversive may be different in a N. H. 
horse when compared to a Flat horse simply because it differs genetically. 
This would be a challenging hypothesis to investigate. 

We should bear in mind that domesticated animals have been selected not 

only for their increased tolerance of man but also for other traits which 
make them easier to manage intensively. It is possible that we have bred 
Thoroughbreds to run rather than to behave as evolution dictated. A 

popular example comes from equine fertility work. Since mares tend to 

abort twins, stud vets are asked to detect twin pregnancies and selectively 
crush one or other of the concepti. Therefore, mares that carry the gene for 

multiple ovulation are no longer selected against. The incidence of 
twinning in Thoroughbreds has risen because twinning mares do not miss a 
breeding season as they would in the feral state. 

Similarly, we have selected genes for reactivity which suited our need for 

sports horses. These were not only the fastest horses but also those which 
were most responsive to the arousal involved in racing and to the stimuli 
from the rider. Perhaps we should exercise caution when extrapolating our 
knowledge of feral horse behaviour to behaviour exhibited in the stable. 
The artificial selection process may have brought with it a dramatic 

response to the intensive management. Therefore notwithstanding the fact 
that stabling is practised more often in the management of racehorses than 
in other forms of equine husbandry, the aversivion to stabling may have 
been bred into these high-performance animals. 
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The management of the yearlings and foals prior to training was therefore a 
particularly interesting area to be assessed. In the absence of longitudinal 

studies, it had the potential to serve as a predictor of the development of 
behavioural anomalies in horses undergoing training. Unfortunately, since 
63.5 per cent of N. H. trainers and only 38.8 per cent of Flat trainers kept foals 

and yearlings prior to the start of their training career, these surveys 
provided little comparative data on the husbandry of bloodstock in the U. K. 
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2.8: Case Reports of Crib-biting Foals. 

Introduction. 

The time of onset of crib-biting seems to vary but it is frequently traced back 

to artificial weaning (Kiley-Worthington, 1987). In the thoroughbred 

surveys (sections 2; 2,2; 3,2; 4), questionnaires relating to equine stereotypic 
behaviour yielded 525 reports concerning crib-biting horses. Of these, five 

had commenced crib-biting prior to weaning. These animals are of 

particular interest since they seem to challenge some features of current 
understanding of stereotypies and their ontogeny. A further three reports 
arose after a published request in two national equestrian publications 
(Horse and Hound, 5.5.1994, weekly circulation: 77,000; British Horse, 
Summer 1994, quarterly circulation: 65,000). 

Materials and methods. 

A telephone questionnaire was administered to determine the history of 
these eight cases owned by different individuals. Parity, mothering ability 
(amount of milk and behaviour during nursing) and the presence or 
absence of crib-biting for each dam were described. Since it is common 
practice for horse-breeders to stable the mare-&-foal pair at night, the time at 
which this form of part-time housing ceased was recorded. As an indication 

of space and forage availability, the stocking rate and acreage of the paddock 
were noted. The presence of any crib-biting fieldmates was also 
documented. 

The age at which the foal was first witnessed performing the behaviour and 
a rudimentary description of the behaviour were obtained. 

Six dams were non-stereotypic and two were crib-biters (table 2.8; mares D 
and E). Three of the dams in this study were maidens. Three of the mares 
were described as "poor" mothers (mares D, E and F). Crib-biting in the foals 
always involved grasping a fixed object (usually a fence-rail; figure 2.14) and, 
in six cases, was accompanied by a characteristic grunt. The behaviour was 
first witnessed at between 2.5 and 4 months of age (mean 3.5 months). 
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Discussion. 

A number of possible causes of stereotypies in the horse have been 

suggested. The traditional view that "stable vices" are a product of 
"boredom" (Dixon et al., 1992; Baker and Kear-Colwell, 1974) and "restrictive 

measures" (Zayan and Dantzer, 1990; Houpt, 1991a) suggests that, in order to 
develop the anomalous behaviour, affected horses must be denied access to 
the normal repertoire of behaviours. 

Fraser (1992) states that "stable vices develop when horses are kept in stables 
for long periods without the provision of adequate exercise or activity". The 
foals in this study were at pasture, being stabled only at night. Therefore a 
lack of space seems unlikely as a causal factor since the provision of two 
acres or more, in the absence of over-crowding, would facilitate the 
expression of normal kinetic and ingestive behaviour. 

Lack of social contact has been identified as a cause of abnormal behaviour 
(Morgan, 1973). The affected foals had a minimum of one companion: their 
dams. It is not known whether they had adequate contact with other 
conspecifics. 

The role of mimicry in the ontogeny of stereotypies is controversial. Crib- 
biting is regarded by some as being highly contagious (e. g. Youatt, 1846; 
Summerhays, 1975). Neighbour effects have been recorded in stereotypic 
bank voles (Cooper and Nicol, 1994) but there is no evidence to support the 
belief that horses learn complex behaviour patterns by observation (Baer et 
al., 1983; Baker and Crawford, 1986). Five of the foals reported here had no 
demonstrator and therefore mimicry would have been impossible in these 
cases. 

The stress of artificial weaning is regarded as another possible cause of 
anomalous oral behaviour (Kiley-Worthington, 1990). It is possible that the 
unweaned foals in this study were subject to inadequate milk supplies to the 
extent that a form of premature weaning occurred. However, five of the 
eight dams were classified as good mothers that had plenty of milk during 
the months that preceded foal removal. We cannot comment on the dams' 
speed of milk let-down or on the absolute time they budgeted for nursing. 
These variables are not imposed exclusively by husbandry systems and 
would arise in the feral contexts. Therefore, if the speed of milk let-down or 
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the time spent suckling without the ingestion of milk are critical factors, 

crib-biting could occur in the wild. 

Recent findings (Gillham et al., 1994) support the view that a genetic 
component is involved in crib-biting (Hosoda, 1950; Vecchioti and Galanti, 
1986). The importance of heritability in explaining the occurrence of crib- 
biting in this study cannot be inferred because the pattern of inheritance of 
stereotypies has yet to be elucidated and the data relating to the sire's 
behaviour were not available. Stereotypies that develop in institutionalised 

children are generally difficult to abolish (Ridley and Baker, 1982) even 
when the child is placed in a normal environment. In contrast, animals 
caged as adults develop stereotypies that can usually be reduced by changes 
in the environment (Draper and Bernstein, 1963). Therefore it is possible 
that these foals would not respond to environmental enrichment. If for no 
other reason, they should be noted and considered when animals are 
selected for future experiments that examine the treatment of stereotypic 
horses with enrichment. 

The validity of the current study is questionable on the grounds of the small 
numbers involved and my reliance on owners' retrospective reports. The 

present results cannot be explained by any single established theory. While 

adding weight to the argument that the label of "stable vice" is a misnomer, 
they should be backed-up by further epidemiological and genetic research 
into this anomalous behaviour. 
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2.9: Conclusions. 

From the studies in this chapter one can conclude that: 

(1) A number of management factors are associated with reported peaks in 

the prevalence of abnormal behaviour in weaned horses. 

(a) In Flat race-horses, these include: 
(i) small amounts and reduced variety of forage 

(ii) bedding types other than straw 
(iii) having more than 25 and less than 75 horses on the yard 
(iv) box designs that reduce the amount of communication that is possible 
between neighbouring horses 

(b) In N. H. race-horses, these include: 

(i) small amounts and reduced variety of forage 
(ii) having more than 25 and less than 50 horses on the yard 
(iv) offering horses forage fewer than three times per day 
(v) possession of an exercise area 

(c) In dressage and eventing horses, these include increasing time spent in 

the stable. 

(2) The prevalence of stereotypies rises with age. 

(3) The prevalence of stereotypies varies between groups of racehorses and 
performance horses. 

(4) A number of variables in the ontogeny of equine stereotypies remain 
unexplained e. g., the role of pre-weaning factors. 

Unsolicited anecdotes from the respondents in various surveys are shown 
in Appendix (i). 
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Table 2.3: The multivariate relationships between yard variables and the risk of an 
individual horse (on Thoroughbred studs in England and Wales) performing 
abnormal behaviour in general (using logistic regression analysis and random 
effects modelling). 
R=Reference category; 
NS=Not significant p>0.05; **= p<0.01; ***=p<0.001 

Variable 

Number of mares-and-foals per acre 

<1 (R) 

2 

>2 

Number of stallions 

1(R) 

2 

3 

Z4 

Number of walking-in mares 

S5 (R) 

6-20 

z21 

Logistic regression Random effects 

model model 

Adjusted 95% C. I. Adjusted 95% C. I. 

odds odds 

ratio. ratio. 

1.00 **** 1.00 NS 

1.58 2.26-1.11 0.62 2.10-0.19 

0.80 1.22-0.52 0.09 2.48-0.01 

1.28 2.20-0.74 0.60 4.62-0.08 

J. ()0*** 1.00 NS 

0.66 1.08-0.40 0.03 0.04-0.02 

0.49 0.74-0.33 1.10 3.99-0.31 

0.69 1.11-0.43 1.15 4.40-0.30 

1.00""" 1.00 NS 

1.51 2.13-1.06 1.51 2.13-1.06 

0.46 0.74-0.29 0.46 0.74-0.29 

Weaning method 
Foal alone in loose-box (R) 1.00""" 1.00 NS 

Mare removed from mare-and-foal group 3.48 5.89-2.06 0.62 2.92-0.13 
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Table 2.3 continued /.... 

Variable 

Logistic 

model 

Adjusted 

regression 

95% C. I. 

Random e 

model 

Adjusted 

ffects 

95% C. I. 

odds odds ratio. 

ratio. 

Age at which feet are handled (months) 

<1 (R) 1.00*** 1.00 NS 

1-2 1.26 1.82-0.86 0.63 2.72-0.15 

>2 0.86 1.58-0.47 1.25 5.48-0.28 

Age from which foal-slips are worn 

(weeks) 

<1 (R) 1.00 ** 1.00 NS 

21 6.03 11.17-3-26 0.32 11.59-0.01 

Age of foals at weaning (months) 

<6 (R) 1.00 *** 1.00 NS 

6 1.07 1.51-0.77 1.06 3.70-0.30 

>6 0.06 0.22-0.02 0.17 0.90-0.02 

Site of foaling 

Outdoors (R) 1.00*** 1.00 NS 

Indoors 0.43 0.60-0.30 1.38 6.22-0.31 

Number of weaned foals per acre 

< 1(R) 1.00 ** 1.00 NS 

1-3 0.56 0.78-0.40 0.40 2.13-0.08 

>3 0.79 1.19-0.53 1.23 4.79-0.31 

Number of staff 

1-3 (R) 1.00 ** 1.00 NS 

4-6 1.69 2.57-1.12 1.26 4.93-0.32 

>6 2.23 3.57-1.40 0.59 3.18-0.11 
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Table 2.4: The prevalence of the four behaviours within three British Horse 

Society disciplines. 
Prevalence (%) of each stereotypy 

Discipline Weaving Crib-biting/ Box-walking Wood- Abnormal 

wind-sucking chewing behaviour 

Total 

B. D. G. 9.4 a 73 a 3.8 20.0 a 32.5 a 

H. T. G. 9.5 a 8.3 a 3.6 15.4 b 30.8 a 

E. R. G. 3.9 b 3.1 b 5.5 8.6 c 19.5 b 

Overall chi- 7.36 6.09 - 17.02 13.66 

squared 

Degrees 2 2 - 2 2 

of freedom. 

Level p=0.025 p=0.048 NS p=0.0002 p=0.0011 

of 

significance 

Disciplines with different superscripts were significantly different at the 5% level. 
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Table 2.5: The relationship between time spent out of the stable (expressed a; 
quartiles) and the odds ratios of a horse performing an abnormal behaviour. 

Time out of stable Quartile Quartile Quartile 
(Quartile) Limits Limits Limits 

(hours) B. D. G. (hours) H. T. G. (hours) E. R. G. 

1st <4 1.00* R <4 1.00*** R <6 1.00 R 
2nd -6 0.71 -5 0.51 -9 1.52 
3rd -8 0.68 -8 0.22 -12 1.03 
4th >8 0.62 >8 0.31 > 12 0.97 

R= reference category; *=p<0.05; ***=p<0.0001. 
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Table 2.6. a: The order of entry into the logistic regression model for Fla 

management factors: 

Management factors Abnormal 

behaviour in 

general 

Wood- 

chewing 

Crib-biting/ 

wind-sucking 

Weaving 

Forage amount 1 4 3 2 

Yard size 2 3 1 1 

Type of training 3 2 2 - 

Bedding type 4 - - 3 

Box design 5 1 - 4 

Forage type 6 6 - 5 

No. of times forage 

offered 

7 - - - 

Possession of exercise 

area 
- 5 - - 
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Table 2.6. b: The order of entry into the logistic regression model for N. H. 

management factors: 

Management factors Abnormal 

behaviour in 

general 

Wood- 

chewing 

Crib-biting/ 

wind-sucking 

Weaving 

Forage amount 3 6 - - 

Yard size 1 1 - - 

Type of training 4 2 - - 

Bedding type - - - - 

Box design 5 5 1 - 

Forage type 6 4 - - 

No. of times forage 

offered 

7 - - 1 

Possession of exercise 

area 

2 3 - - 
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Table 2.7: The percentage of respondents from the two groups of survey who had 

attempted prevention of the four abnormal behaviours. 

BEHAVIOUR BRITISH HORSE THOROUGHBRED 

SOCIETY SURVEY INDUSTRY SURVEY 

Weaving 76.0 54.8 

Crib-biting/ 92.7 70.2 

wind-sucking 

Box-walking 68.0 57.0 

Wood-chewing 83.3 78.8 
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Table 2.8: The results of eight telephone questionnaires. Mares-and-foals A-E 

were identified from a survey of the Thoroughbred industry and British Horse 
Society members. Owners of mares-and-foals F-H were respondents to requests in 

two national equestrian publications. 

Mare-and- ABCDEFGH 
foal 

code 

Breed TB Arab TB T. B. TB TB TB TB 

X X X X 

W. Cob W. blood I. D. Arab 

Sex FM M FF MMF 

Age when 
first seen crib- 10 12 12 16 16 10 12 12 
biting (weeks) 

Grunt during Yes Yes Yes No No Yes Yes No 

crib-biting 

Fixed object Yes Yes Yes Yes Yes Yes Yes Yes 

used during 

crib-biting 

Dam's Normal Normal Normal Crib- Crib- Normal Normal Normal 
behaviour biter biter 

Crib-biting Absent Absent Absent Absent Absent Absent Absent Absent 
field-mates 

Mothering Good Good Good Poor Poor Poor Good Good 
ability 
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Table 2.8 continued/... 

Mare-and- A BC DE FG H 

foal 

code 

Parity M PP PM PP M 

Paddock size 6 39 2.5 4 22 7 

(acres) 

Stocking rate 1 0.33 0.25 0.4 2 2 0.5 0.14 

(mare-and- 
foal pairs per 
acre) 

Age of foal 6 13 2 42 70 0 0 

when 
overnight 
stabling 
ceased (days) 

(TB=Thoroughbred, W. Cob= Welsh Cob, W. blood=Warmblood, 
ID=Irish Drau ght, M=Multiparous, P=Primiparous) 
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Figure 2.1: Number of horses with abnormal 
behaviour: Flat yards with more than 75 horses show 
significantly less abnormal behaviour in general than 

statistically expected (chi-squared p<0.05). 
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Figure 2.2: Flat yards with box-designs which allowed 
minimal contact show significantly more abnormal 

behaviour in general than statistically expected 
(chi-squared p<0.05). 
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Figure 2.3: Horses on Flat yards with bedding types 
other than straw show significantly more weaving 

and abnormal behaviour in general than statistically 
expected (chi-squared p <0.05). 
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Figure 2.4: Horses fed less than 6.8 kg of forage per 
day show significantly more wood-chewing, 

weaving and abnormal behaviour in general than 
statistically expected (chi-squared p<0.05). 

118 



r, 
5.4 
Q) 

bA 

O 

4 
r-, 

O 

aj 
O 
Iz 14-4 

O 

150 

100 

50 

Total number of horses on the yard 

Figure 2.5: Number of horses with abnormal behaviour. 
N. H. yards with between 26 and 50 horses show 

significantly more abnormal behaviour in general than 
statistically expected (chi-squared p<0.05). 
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Figure 2.6: N. H. yards with box-designs which 
allowed visual and tactile contact show 

significantly more wood-chewing than statistically 
expected (chi-squared p<0.05). 
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Figure 2.7: N. H. yards with box designs that 
allowed visual contact show significantly less 

crib-biting than statistically expected 
(chi-squared p<0.05). 
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Figure 2.8: N. H. horses fed forage types other 
than hay show significantly less wood-chewing 

and abnormal behaviour in general than 
statistically expected (chi-squared p<0.05). 
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Figure 2.9: N. H. yards which offer hay more than 
three times per day report significantly fewer 

weavers than statistically expected 
(chi-squared p<0.05). 
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Figure 2.10: The distribution of the four abnormal 
behaviours between Thoroughbred males and 

females described in individual profiles (n=223). 
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Figure 2.11: The percentage prevalence of four abnormal 
behaviours in three Thoroughbred populations in 

England and Wales 
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Figure 2.12: The mean percentage (± S. E. ) of Thoroughbreds 
in six age groups showing abnormal behaviour. 

(Population per age group shown in parentheses) 
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Figure 2.14. Foal H crib-biting at four months of age (Photograph: Caroline 
Bower). 
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CHAPTER 3. RADIOGRAPHIC AND ENDOSCOPIC FINDINGS IN CRIB-BITING 

HORSES. 

3: 1. Introduction. 

Crib-biting (or cribbing) and wind-sucking are oral-based stereotypies that 
may occur simultaneously in a single horse (Sambraus and Rappold, 1991). 
Hayes (1968) states that, in crib-biting, a horse seizes a projection with its 
incisors or supports its chin, arches its neck and swallows a quantity of air 
(figure 3.1). A characteristic sound is emitted during the behaviour. In 
contrast, wind-sucking is described as a similar behaviour which the horse 
performs without seizing any object or supporting the chin.. 

Semantic confusion about the specific definition of these stereotypies and 
the sequence of events occurring when they are performed is prevalent in 
the literature. Many authors state that the horse swallows air (aerophagia) 
during the behavioural pattern (Fraufelder, 1981; Monin, 1982; Houpt, 1986; 
Dodman et al., 1987; Fraser and Broom, 1990). Ralston (1982) suggests that 
the audible grunt, heard while a horse is cribbing, represents 'inhalation'. 
Houpt (1987a) describes in more detail the process involved in crib-biting 
and proposes that the musculature in the area of the pharynx contracts and 
that air is forced into the "upper pharynx", and from there it is either 
swallowed or expelled. Owen (1982) introduces 'grasping' as a related 
behaviour which involves holding onto fixed objects without grunting or 
the swallowing of air. 

The objective of the study reported here was to use fluoroscopy and 
endoscopy to observe the movements of the pharyngeal soft tissues, and of 
the air within, during crib-biting. From a group of nine horses, fluoroscopic 
examinations were performed on eight and endoscopy on four individuals. 
The findings were analysed in order to elucidate the events which occur 
during crib-biting. 
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3: 2 Study Six: Radiographic / video fluoroscopic examination of crib-biting 
horses. 

Materials and methods. 

The pharynx and oesophagus of eight horses, five Thoroughbred geldings, 

one Thoroughbred mare and two half-bred geldings, known to grunt while 

crib-biting were examined by video-fluoroscopy while performing the 

stereotypy. 

The unsedated horses were restrained in stocks and provided with a suitable 
object to seize with their incisors. This took the form of the edge of a plastic 
food trough or a wooden bar. The horses were then offered standard horse- 

cubes in order to prompt the stereotypy. 

The radiographic equipment used was a 3-phase generator (Siemens 

Gigantos capable of 150Kv and 1250mA) with automatic exposure selection 
(Iontomat). An image intensifier was linked to the tubehead and suspended 
via an overhead gantry system. A television monitor and videotape 
recorder (Sony U-matic videocassette recorder VO-7630) were incorporated 
into a circuit to obtain a permanent record of each examination. On each 
occasion lateral views of the nasopharynx, oropharynx and oesophagus from 

the cricopharynx to the cardia were recorded prior to the commencement of 
crib-biting and for a minimum of two minutes after the commencement of 
the stereotypic behaviour. On four occasions sound was also recorded on the 

videotape to enable correlation of the fluoroscopic findings with the noise 
elicited by the horse. 

Results. 

In each horse no anatomical or functional abnormality was identified before 
the commencement of the stereotypic behaviour. The upper oesophageal 
sphincter, the cricopharynx, was closed and no air was present in the 
oesophagus. Immediately before the first crib-bite, movements of the base of 
the tongue, and hence of the soft palate, were observed as the horse licked 
the fixed object, an appetitive behaviour associated with crib-biting. As the 
initial crib-bite occurred, the larynx was retracted caudally and slightly 
ventrally. The distance between the ventral border of the oesophagus and 
the dorsal margin of the trachea 'remained constant. During the crib-bite, the 

130 



epiglottis remained in its resting position parallel to the base of the tongue 

and the soft palate was in its normal sub-epiglottic position throughout and 

remained in contact with the tongue rostrally. Therefore, continuity was 

maintained between the nasopharynx and the caudal nasal chambers. 
Occlusion of the nasopharynx by the soft palate did not occur. Two horses 

failed to perform the stereotypic behaviour during the fluoroscopic 

examination and were withdrawn from the study. The six remaining horses 

were screened for a total of 29 minutes and 34 seconds. 

As the characteristic grunt was emitted, the proximal oesophagus abruptly 
filled with air to a maximal dorsoventral diameter approximately equivalent 
to 80 per cent of the dorsoventral diameter of the cranial trachea. This was 
achieved largely by ballooning of the dorsal oesophageal wall and, to a lesser 
degree, by movement of its ventral margin. 

The radiographic contrast provided by air in the nasopharynx and proximal 

oesophagus enabled observation of the movements of the palatopharyngeal 
arch. As oesophageal dilatation occurred, the caudal pillars of the 

palatopharyngeal arch became dorsally displaced and the cricopharynx 
opened. The length of the cricopharyngeal arch reduced, causing a further 

increase in the dorsoventral diameter of the cranial oesophageal sphincter. 
The maximal distension in the proximal oesophagus appeared concurrent 

with the initial opening of the cranial oesophageal sphincter (figure 3.2). 

The six horses performed a total of 102 crib-bites ranging from 8 to 39 each. 
The total duration of the video recordings analysed was 26 minutes 34 

seconds. The period of maximal distension was found to vary from 0.2 

seconds to 0.6 seconds (mean 0.48 seconds, table 3.1). The duration of the 

retention of air in the upper oesophagus after each crib-bite defied accurate 

quantification since the retained streak of air was regularly supplemented by 

subsequent crib-bites and it often remained visible until the end of the 

examination. 

The process of deflation did not vary between individuals and occurred 
without evidence of primary or secondary oesophageal peristaltic waves, i. e. 
deflation usually occurred without the movement of air boluses caudally 
towards the stomach. Thus, during crib-biting, air boluses were propelled 
caudally in an approximate ratio of one bolus removed by oesophageal 
peristalsis to 12 upper oesophageal dilations/deflations. Following a 
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sequence of stereotypic behaviour complete clearance of air from the 

proximal oesophagus was rarely observed, because there was a tendency to 

retain a short column tapered as far caudally as the level of the third cervical 
vertebra (figure 3.3). 

It was observed that when any boluses of food travelled distally through the 
oesophagus, during periods of air retention, a bubble of air travelled with 
them. 
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3.3. Study Seven: Endoscopic examination of crib-biting horses. 

Materials and methods. 
Eight weeks later, an endoscopic examination was performed on four horses 
(one part-bred and three Thoroughbred geldings), three of which had been 
included in the group of horses studied fluoroscopically. A flexible fibreoptic 

endoscope (Olympus colonoscope; Keymed; Southend-on-Sea) with 
proximal chip camera was used for three of the horses while a 
videoendoscope (Welch Allyn videoendoscope; Seward Medical Limited, 
London) was used for the fourth. On each occasion the unsedated horses 

were restrained in stocks and encouraged to perform the stereotypic 
behaviour by the offer of food. Once the crib-biting had commenced, the 
endoscope was inserted into the right nasal chamber and fastened with 
velcro straps to the headcollar in a position that allowed observation of the 
nasopharynx. A videotape record of the endoscopic image and of the sounds 
produced by the horses during the stereotypic behaviour was made. 

Endoscopic recordings of 70 crib-bites were made with the tip of the 
instrument sited in the nasopharynx of the four horses (table 3.2). The total 
duration of the video-endoscopic recordings available for analysis was 77 
minutes 22 seconds. 
Endoscopy showed that, during each crib-bite, the larynx was retracted 
caudally. The rima glottidis remained open, with no abductory or adductory 
movement of the corniculate processes of the arytenoid cartilages or vocal 
cords. The posterior pillars of the palatopharyngeal arch became visible as a 
curved structure which moved dorsally from its resting position caudal to 
the apices of the corniculate processes. The ventral border of these pillars 
was seen to vibrate in synchrony with opening of the oesophageal sphincter 
and the emission of the characteristic grunt (figure 3.4). This opening was 
visible for between 0.23 seconds and 0.77 seconds (mean 0.58 seconds). 

During the cribbing process, the rostral margin of the arcus 
palatopharyngeus remained in a sub-epiglottic position and constriction of 
the pharyngeal musculature, as seen in normal deglutition sequences, did 
not occur on any occasion. 
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3: 4: Conclusions. 

Deglutition is traditionally sub-divided into oral, pharyngeal and 
oesophageal phases and these are applicable to the horse (Heffron and Baker, 
1979). The oral phase comprises the prehension, mastication and transfer of 
food and fluid boluses to the base of the tongue and it is under voluntary 
control. The presence of the bolus at the tongue base triggers the complex 
sequence of reflexes which forms the involuntary transfer of ingesta through 
the pharynx to the oesophagus and eventually to the stomach. The events 
which occur during the ar ngeal phase include elevation of the soft palate 
to occlude the nasopharynx; adduction of the arytenoid cartilages and vocal 
folds, together with retroversion of the apex of the epiglottis to close the 
rima glottidis; contraction of the base of the tongue and constriction of the 
circular muscles of the pharynx to propel the bolus caudally; and receptive 
relaxation of the cricopharyngeal sphincter to allow the bolus to enter the 
upper oesophagus. The oesophageal phase commences with closure of the 
cricopharynx which initiates a wave of primary oesophageal peristalsis 
which moves each bolus caudally towards the cardia. Secondary 
oesophageal peristaltic waves are irregular events but result from stretching 
of the oesophageal walls by residual ingesta and fluid. 

It is possible that the presence of the endoscope in the nasopharynx could 
produce artefactual functional changes. For example, during routine 
diagnostic endoscopy of the nasopharynx there is increased frequency of 
deglutition. This was not observed during the study described here, possibly 
because the tip of the endoscope was positioned more rostral than for 
diagnosis. Thus, it is improbable that the events recorded were significantly 
altered. Also, the presence of an endoscope did not alter the sounds or 
posture associated with the behaviour. 

The combined endoscopic and fluoroscopic observations recorded in the 
present study confirm that the events which take place in the pharynx and 
proximal oesophagus during crib-biting do not remotely resemble 
deglutition and therefore the use of the term aerophagia to describe this 
behaviour should be discontinued. The soft palate did not move dorsally; 
the rima glottidis did not close but was open throughout; no constriction of 
the pharynx was observed as the larynx was visible throughout each crib- 
bite; no retroversion of the epiglottis occurred. 
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A consistent feature of all the horses examined fluoroscopically whilst crib- 
biting was the sudden appearance of a column of air within the proximal 

oesophagus. What explanation can be given for the abrupt passage of air 
into the upper oesophagus? The soft palate does not move dorsally during 

the crib-biting process and the nasopharynx remains continuous with the 

nasal chambers. Thus, the movement of air cannot be the result of 

compression of air within the nasopharynx. For air to enter the cranial 

oesophagus in such an explosive manner, a significant pressure gradient 

must exist between the nasopharynx and the oesophagus. From the 

observations above, it appears that the mechanism comprises a reduction of 

pressure within the lumen of the upper oesophagus rather than an increase 

in pressure in the pharynx. The upper oesophageal sphincter muscles, i. e. 
thyro- and cricopharyngeal muscles, dilate to allow the cricopharynx to open 
and the caudal movement of air to occur. The characteristic arching of the 

cervical spine and the simultaneous contraction of the sternocephalicus and 
sternohyoideus muscles may be responsible for the creation of a pressure 
gradient within the soft tissues surrounding the oesophagus and across the 

oesophageal wall, which in turn reduces the pressure within its lumen. The 
fact that the oesophageal distension takes some time to subside may be 
linked to the characteristic posture of these horses throughout a bout of 

stereotypy. 

In horses with fourth branchial arch defects (4-BAD), the cricopharyngeus 
and the cricothyroideus muscles are frequently absent or hypoplastic (Lane, 
1993). This defect of the upper oesophageal sphincter is reported to 
predispose the horses to tympanitic colic. Radiographic studies of 
deglutition in 4-BAD cases show a continuous column of air from the 
pharynx to the cervical oesophagus and the caudal propulsion of air by 

primary peristalsis follows pharyngeal constriction. This constitutes true 
aerophagia and the attendants of horses afflicted with this congenital 
disorder frequently believe that they are wind-suckers. Thus, it is important 
to differentiate horses exhibiting the oral-based stereotypy from horses 
afflicted with the 4-BAD syndrome and this can readily be achieved 
palpation and/or endoscopy (Lane, 1993). 

Observations of crib-biting horses in the present study revealed very little 
primary oesophageal peristalsis and only a small number of air boluses 
passed towards the stomach by secondary peristalsis. In order to perform the 
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recordings, the crib-biting was prompted by the provision of palatable food 

and as such may have stimulated more swallowing than spontaneous 
demonstrations of the stereotypy. Much of the air left the proximal 

oesophagus between crib-bites by returning through the cranial oesophageal 

sphincter into the pharynx. This may explain why cases of tympanitic colic 

are not seen more frequently in crib-biting horses. 

The production of a characteristic grunt is a consistent feature of crib- 
biting/wind-sucking. The endoscopic findings above eliminate the larynx as 
the source of this sound. Partial adduction of the vocal cords is necessary for 

the production of turbulent airflow, and hence sound, and in all of the 
horses examined the larynx remained in the intermediate position during 

crib-biting. The production of the grunt coincided with the opening of the 

upper oesophageal sphincter and, presumably, the rush of air into the 

cranial oesophagus, i. e. the passage of turbulent air through the oesophageal 
sphincter appeared to be the source of the noise. 

It is conjectured that surgical interventions to remove sections of the 

sternocephalicus, sternohyoideus and omohyoideus muscles, or to prevent 
their function, are effective either by reducing the distracting forces acting on 
the oesophagus or by rendering the horse unable to draw the larynx caudally. 
Similarly, the traditional cribbing-collar may achieve its effect by preventing 
contraction of these muscles. This device may serve to diminish the 

volume of any distension of the cranial oesophagus to a point where it is no 
longer sufficient to render the behaviour gratifying. Alternatively, it may 
render the adoption of the characteristic posture so uncomfortable that it 

outweighs the horse's motivation to perform the stereotypy. The success 
claimed for the buccostomy, the creation of fistulae in the cheeks, as a 
method of treatment for aerophagia (Karlander et al., 1965) defies 

explanation from the observations recorded here. 

The importance of definition in this area of horse behaviour is pertinent to 
the sale of horses. Horses sold privately may be described as being free from 

vices and warranted as such by vendors (see RCVS/BVA pre-purchase 
examination schedule). At public auction, horses are expected to be free of 
these "vices" unless otherwise declared in the catalogue or from the 
auctioneer's rostrum. Should a horse which has been sold at auction 
subsequently demonstrate the behaviour within a given time, it may be 
returnable under the Conditions of Sale. Most bloodstock auctioneers 
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stipulate that a crib-biter is not returnable unless the behaviour is associated 

with wind-sucking in which case the horse is described as a wind-sucker and 
is returnable to the vendor. The Conditions of Sale usually include in their 

definition of a wind-sucker the phrase "a horse which habitually swallows 

air". An arbiter is appointed to observe the behaviour of the horse in 

question and specifically to note whether it produces the characteristic 

grunting sounds "of air being swallowed" with or without grasping fixed 

objects with its incisor teeth. ' The findings reported here establish that 

aerophagia is not a consistent feature of this stereotypy and, clearly, the 

definitions currently used are in need of revision. 

Although this study has shown that aerophagia is not an appropriate term 

when describing crib-biting, further investigation is required fully to 

elucidate the sequence of events during oral-based stereotypies. The 

measurement of intrapharyngeal and intraoesophageal pressures would be a 

useful avenue of research. 

Crib-biting, wind-sucking and grasping all include characteristic arching of 
the neck, accompanied by contraction of the strap muscles of the ventral 
aspect of the throat. It is proposed that such muscular effort creates a 

reduction of pressure in the oesophageal lumen and a resultant distension 

of the cranial oesophagus with or without the emission of a grunt. The 
implication is that the oesophageal distension, during a bout of crib- 
biting/wind-sucking/grasping, is more likely to be the source of gratification 
to the horse than is the grasping of the object or the passage of air as far as 
the stomach. It begs the question as to what physiological pathway might 
render such a distension a behavioural 'need'. Toates (1981) has suggested 
that motivation for ingestive behaviour is a product of interaction between, 

and feedback from, internal and external stimuli and it is known that 
duration of satiety following voluntary termination of a meal is influenced 
by gastrointestinal and metabolic cues in the horses (Ralston, 1986). The 

activation of stretch receptors in the cranial oesophagus may amount to an 
internal incentive that has developed as part of ingestive regulation in the 
horse. 
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Table 3.1: The number of crib-bites observed the fluoroscopic examinations. 

Horse A B C D E F Total 

Duration of 5.31 3.59 4.07 3.30 2.46 6.41 29.34 
examination 
(min. s) 

No. of crib- 39 11 18 15 8 11 102 
bites observed 

No. of air 1 1 3 1 - 2 8 
boluses 
travelling in 
the direction of 
the stomach 
during the 
period of 
examination 

No. of ingesta 1 1 - 2 - - 4 
boluses 
swallowed 
during the 
period of 
examination 

Table 3.2: The number of crib-bites observed during the endoscopic 
examinations. 

Horse A C D G Total 

Duration of 11.18 22.35 37.50 5.39 77.22 
endoscopic 

examination 
(min. s) 

No. of crib-bites 18 15 6 31 70 
observed 
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Figure 3.1: Horses crib-biting in the presence of ad libitum forage and 
conspecifics. 
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Figure 3.2: Fluoroscopic image of nasopharynx (NP) and proximal 
oesophagus (0) showing the position of the palatopharyngeal arch (PPA), 
auditory tube diverticulum (ATD) and distension of the proximal 
oesophagus with air. 
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Figure 3.3: A composite image derived from video 's 
the oesophagus (0) as a tapered distension dorsal 
posterior pillars of the soft palate are also visible as 
running dorso-ventrally between the orophaynx and 

tills' and showing air in 
to the trachea (T). The 
the radiodense structure 
the oesophagus. 
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Figure 3.4: Endoscopic views of larynx in resting position with open 
oesophageal sphincter (arrow) visible dorsal to arytenoid. 
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CHAPTER 4. PHYSIOLOGICAL DIFFERENCES ASSOCIATED WITH CRIB-BITING. 

4.1: Introduction. 

Having investigated the anatomical changes which accompany crib-biting, I 

decided to determine whether this repetitive oral behaviour was associated 

with changes in physiological function. Because it occurs in the the first part 
of the alimentary tract, oral activity is associated with the function of the 

whole digestive system e. g. the addition of saliva enhances peristalsis by 

lubricating food (Keele and Neil, 1965). The following chapter examines the 

relationship between crib-biting and alimentary activity which may elucidate 
the functional significance of the repeated oesophageal distensions described 
in chapter 3. The proximate effects of a stereotypy must be understood in 

any consideration of the ultimate function of stereotyping and the 

consequences of prevention. Furthermore, an investigation of physiological 
differences between crib-biters and normal horses may help to explain why 
normal horses do not perform the behaviour. For instance, if crib-biting 
enhances digestive efficiency, it may play a remedial role in stereotypic 
animals that is simply not required in normal animals. 

The desire to use minimally-invasive methods to study gut function 
restricted me to studies of transit times rather than the use of portal venous 
blood-sampling (de Passille et al., 1991) or pharmacological agents (Staniforth 
et al., 1987). In the current study, assessments of transit times for the foregut 
and the whole gut were conducted in groups of crib-biters and normal 
horses. These studies introduce techniques that have not previously been 
reported in equine physiology. 

The chapter ends with an investigation of water intake in the same groups 
of horses. Differences between crib-biters and normal horses must be 
interpreted with caution since their significance may be as either a cause or 
an effect of the stereotypy. The nature of these differences can be identified 
more fully by studying the same parameters in horses that have been 
prevented from performing the behaviour (see chapter 5). In the absence of 
the opportunity to stereotype, physiological parameters in stereotypic 
animals may change to expose the proximate function of the behaviour that 
may help the animal to cope with its environment. 
While incisor wear (Owen, 1982), flatulent colic (Fraufelder, 1981) and 
possibly gastric catarrh (Fraser, 1992) have been described in association with 143 



crib-biting, poor body condition or "unthriftiness" is regarded as the most 
common consequence of this behaviour (Houpt, 1987b; Fraser, 1992; 
Hakansson et al., 1992). Anecdotally, this is cited as the main reason for 

owners attempting to prevent the behaviour. The extent to which 
behaviour and digestion may contribute to crib-biters failing to thrive is 
investigated in section 4: 4. Further assessments of total gut transit time and 
oro-caecal transit time are discussed in this section. 
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4.2: Experiment Seven: The use of radiopaque markers to assess total gut 

transit times. 

Introduction. 

Intestinal transit time is defined as the time taken for a marker to pass 

through the gut. Historically, a variety of markers have been used. These 

have included glass beads (Alvarez and Freedlander, 1924) ball-bearings 

(Burnett, 1923) and radio-isotopes (Hansky and Cornell, 1962). The use of 

radiopaque polythene markers, of one type, was first described by Hinton and 

Lennard-Jones (1969). In ruminant digestive physiology, the technique of 

chromium mordanting (Uden et al., 1980) has become an established means 

of marking fibre which is subsequently incorporated into the diet. However, 

all single marker methods rely on the continuous collection of faeces and as 

such have serious limitations in practice. 

Czerkawski (1986) identified the following criteria which a substance must 

satisfy if it is to be used as a marker: 
1) It should not be attacked by micro-organisms in the gastro-intestinal tract. 

2) It should not be absorbed in the gut. 
3) It should be non-toxic. 
4) It should be possible to determine the concentration of the marker 

without interference from other substances present. 
5) It should not, in the case of fibre-bound radio-isotopes, separate from its 

labelled fraction (Uden et al., 1980). 

Radiopaque polythene markers satisfy all of the above criteria. Since one 
factor that affects the passage of particles through the gut is specific gravity 
(Hoelzel, 1930) it is important that the specific gravity of markers is 

comparable to that of faecal residues. The specific gravities of the radiopaque 
pellets is in the range 1.3 - 1.6 (Cummings and Wiggins, 1976) which is the 

same as for cellulose, the main faecal residue in herbivorous subjects (West, 
1974). 

The aim of the current study was to establish the reliability of radiopaque 
polythene markers in equine gut transit studies. Two types of marker were 
used to identify any differences in the transit characteristics of differently- 

shaped particles. This was an important step in the development of single 
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stool transit studies which could have useful clinical applications in equine 
gastroenterology. 
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Materials and methods 

Six Thoroughbred three year old fillies, living in individual loose boxes, 

were used in this study. They were exercised on a rotary horse-walker once 

per day for approximately fifteen minutes after a morning feed of 0.5 kg 

soaked sugar beet, 0.5 kg basic maintenance mix and 1 kg low-protein cubes. 
Hay was supplied on an ad libitum basis. 

Radiopaque barium sulphate impregnated polyethylene markers (Portex Ltd, 

Hythe, Kent) were administered per os on two consecutive mornings 
immediately prior to the concentrated food. These lengths of hollow plastic 
tubing were mixed in an aqueous paste made from approximately 40g low 

protein cubes. This mixture was loaded into 60m1 syringes and administered 
in the same fashion as an oral anthelminthic. Three hundred Rl markers 
were given on the first morning; three hundred R3 on the second. Rl 

markers were 2mm long and 0.75mm in diameter while R3 markers were 
0.75mm long and 2mm in diameter 

Bedding was removed from the loose-boxes six hours after the first dose of 
markers was given. The total faecal output for the next 104 hours was 
collected on an 8-hourly basis. The faeces from each of the 13 8-hour periods 
were radiographed in polythene bags and a count of each species of marker 
was taken from the radiograph (figure 4.1). The trial was replicated with the 

same horses two weeks later to determine the repeatability of the technique. 
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The mean transit time (Cummings and Wiggins, 1976) that one type of 

marker takes to pass through the alimentary system was calculated with the 

equation below: 

Gut Transit Time (hours) _E (t x s) 

I (S) 

t =time from ingestion of markers to time of collection (hours) 

s =number of markers in each of the 13 collections 

The following results from one type of marker in one horse are provided 
as a working example: 
Time since ingestion (t) 8 16 24 32 40 48 56 64 72 80 88 96 104 Sum 

No. of markers (s) 04 33 47 22 30 17 10 13 8 14 50 203 

txs 0 64 792 1504 880 1440 952 640 936 640 1232 480 0 9560 

Therefore; I(t x s) = 9560 = 47.1 hours 

I (S) 203 

Results 

Transit times for the two markers were not significantly different in the first 

trial (40.27 hours ± 1.92 and 39.6 ± 1.24 for R1 and R3 respectively, Wilcoxon 

signed rank, p=0.2246) nor in the second trial (40.15 ± 1.94 and 40.55 ± 1.79 for 
R1 and R3 respectively, Wilcoxon signed rank, p=0.6002). The mean transit 
time from four sets of markers was 40.14 hours ± 1.68. 

There was a correlation coefficient of 0.93 between the two trials which 
suggests that the regression lines for the first and second trial were not 
significantly different. 

Retrieval rates were 71 and 64 per cent for R1 and R3 in the first trial and 60 
and 64 per cent in the second. No unwanted effect attributable to the 
markers was observed in any of the subjects. 
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Discussion 

The rates of retrieval were low compared to those of other particulate 

makers used in previous equine gastro-enterological studies (Van der Noot 

and Gilbreath 1970: 83 per cent; Hunt, 1985: 94 per cent). This may be due to 

poor resolution of the radiographic image through the bags of fresh faeces 

(often the faeces were voluminous and more than 16cm in depth), intestinal 

retention or coprophagia. The latter reason for low retrieval rates seems 

unlikely because the appearance of markers in the faeces in the four groups 
(R1 first trial, R3 first trial, R1 second trial, R3 second trial) followed similar 

patterns and the horses would have to had to have eaten their own faeces at 

set times on four occasions. The degree of intestinal retention that would be 

required to explain the low retrieval rate defies the results of previous 

equine gastroenterological studies that have used other particulate markers 
(e. g. cerium and chromiun mordanted fibre, Uden et al., 1982) and reported 
retrieval rates of more than 95 per cent. Problems with imaging during 

radiography would appear to be the most likely explanation of the fate of the 
"lost markers". This is discussed further in section 4: 4. 

Despite the disappointing rates of marker retrieval, there was a pleasing 
consistency in mean transit times between the first and second trials. Transit 

times in the region of 40 hours are consistent with those quoted by other 
authors using chromium mordanted fibre (Cuddeford, 1995; Pearson and 
Merritt, 1991) and inorganic particulate markers (Van der Noot et al., 1967; 
Hunt, 1985). 

The insignificant differences in transit times between the two markers may 
have arisen because of the different shapes and the fact that R1 could trap 
pockets of air better than R3. This may have allowed R1 to float through 
along the gas: fluid interface quicker than R3 which was in the particulate 
phase of the ingesta. Although it seems unlikely, floating markers may 
have been retained, rather than more rapidly expelled. The designers of 
these particulate markers attempted to eliminate floating as a source of error 
and report equivalent specific gravities (Cummings and Wiggins, 1976). 
However, the specific gravity of the two species of marker was assessed using 
water-filled samples (Cummings, pers. comm. ). The content of the markers 
cannot be determined in vivo, therefore the specific gravity of the markers 
may have differed during, the experiment. 
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The two curves on the graph in figure 4.2 show ascending and less steep 
descending slopes which contribute to a single major peak. The ascending 

slope describes the rate of passage of the marker into the digestive pool, 

while the descending slope describes the rate of passage out of the digestive 

pool. Previous studies have described plateau phases (Rickards, 1993) 

between these slopes which may relate to the process of digestion. The 

absence of any plateau may indicate that the behaviour of the markers 
differed from that of digesta. Such a difference is undesirable (Cummings 

and Wiggins, 1976). The second peak in the latter part of the descending 

slope seems to relate to hind-gut retention. 

The rate of passage into the digestive pool was greater than the rate of 

excretion. This is predictable since, as a hind-gut fermenter, the horse has a 

simple stomach which provides approximately 10% of the capacity of the 

gastro-intestinal tract. Previous studies have shown a rapid movement of 
digesta through the stomach and small intestine (Evans et al., 1977) while 
the slow rate of excretion shown in the current study seems to demonstrate 

the retention of fibre in the large intestine. 

Argenzio et al. (1974) have demonstrated that the ventral and dorsal large 

colon rather than the caecum served as major sites for retention of both 
fluid and particulate markers. Digesta may be slowed down by areas of 
constriction, e. g. the pelvic flexure (Stevens, 1977) and possibly the caeco- 
colic junction, as well as by areas of slower and less efficient peristalsis. 
Furthermore, the structure of the large intestine is such that digesta tend to 
be retained in the sacculated segments that would include the caecum. 
Therefore, it is possible that, in addition to the fore-gut and the colon, there 
is a third component to the transit time in the horse and this is due to the 

retention of digesta in the caecum. 

This experiment shows that radiopaque polythene pellets can be useful as 
particulate faecal markers in the horse because they are unabsorbed, non- 
toxic, easy and safe to measure. Work in humans (Cummings and Wiggins, 
1976) has shown that these do not alter alimentary activity. Giving a single 
dose of a marker and recording its appearance in the stools is the most usual 
means of estimating time taken for food residue to pass through the gut. If 
the current technique could be adapted, employing two species of marker, to 
allow a determination of gut transit times from the analysis of a single stool, 
then the technique could be applied in equine practice in the diagnosis of 
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enteropathies. The key to any such adaptation would involve a prediction 
of when single stools would be passed with a representative number of both 

species of marker. This time period would be influenced by the type of equid 
being studied (Hintz, 1990, Cuddeford, 1995), its diet (Fonnesbeck et al., 1967), 
its stress response (Enck et al., 1989) and possibly the amount of exercise it 

receives (Orton et al., 1985; Pearson and Merritt, 1991). An observer would 
have to remain with the subject during this period and record the time of 
each motion. A considerable increase in the number of markers would also 
be required to increase accuracy before single stool analysis could be relied 

upon in gut transit studies. 
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4.3: Experiment Nine: Gut transit studies in crib-biting horses 

Introduction 

The current study aims to establish whether horses which perform oral 

stereotypies have a different digestive physiology to normal horses. 

Circumstantial evidence which might link oral stereotypies with nutritive 
behaviour includes the effect that diet has upon the intensity of the 

stereotypies (Marsden, 1993), the temporal association between bouts of 

stereotypy and the ingestion of concentrate feed (Kusunose, 1992) and the 

suggestion that more palatable food elicits more of the anomalous 
behaviour (Dodman et al., 1987). De Passille et al. (1992) showed that 

apparently functionless non-nutritive sucking behaviour contributes to 

post-prandial hormonal changes in calves. As the first part of the 

alimentary tract, the mouth is the site of processing activity that can have a 

pivotal effect on the physiology of the entire digestive tract (Stevens, 1977). 

Gut transit time was selected as a relatively non-invasive tool with which 

the digestive function of horses might be studied. Having established that 

total gut transit time (TGTT) can be accurately assessed using radiopaque 

polythene markers, I decided to apply the technique to identify any 
functional differences between normal and crib-biting horses. 

The equine hind-gut is a voluminous retention and fermentation chamber, 
therefore, the effects that any oral behavioural anomaly may have on gut 
physiology may not be readily detected by measuring TGTT alone. - To 

provide specific data on that section of the alimentary system closest to the 

site of the behaviour, a minimally-invasive measure of oro-caecal transit 

time (OCTT) involving the microbial breakdown of sulphasalazine was 

adapted from human gastroenterological studies. 

Microbial methods offer a non-invasive approach to the measurement of 
small bowel transit and in human medicine the lactulose/breath hydrogen 

method is widely used. However, there are known to be disadvantages with 
this technique since, even in small doses, lactulose appears to cause 
enhanced gastrointestinal transit (Staniforth, 1989). Staniforth et al. (1987) 
described an alternative flora dependent method using orally-administered 
sulphasalazine which is converted to sulphapyridine and 5-aminosalicylic 
acid by microbial azoreductase. The sulphapyridine thus formed is absorbed 
into the circulation and can be detected in serial samples of jugular venous 
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blood. Unlike other minimally-invasive methods e. g., scintigraphy, 
radiography and the lactulose-hydrogen breath test, the sulphasalazine 
technique does not necessitate the use of complex and expensive equipment 
(Kellow et al., 1986). 

Although the sulphasalazine technique necessitates the withdrawal of 
sequential blood samples, it has the advantage that the orally-administered 
agent appears to have no significant effect on gastrointestinal activity 
(Kellow et al., 1986). The technique has been successfully adapted for use in 

cats and dogs (Papassouliotis, 1994) and pre-ruminant calves (Lalles, 1992). 

Materials and Methods 

Horses 

Ten part-breds and Thoroughbreds were used in this study. Since the 

experiment involved the use of a pharmaceutical that is not licensed for use 
in horses, I was reluctant to hire subjects from the public. Therefore, all 
available crib-biters were recruited from two sites; Bristol Veterinary School, 
Langford (n=2) and the Household Cavalry, Knightsbridge (n=3). At each 
site, an equal number of normal animals were selected as controls. 

The horses at Langford were bedded on wood-shavings in concrete pens (4.5 
x 4.2 metres) with rendered walls to a height of 1.5 metres with 6cm diameter 
tubular metal railings set 50 cm above the wall. Each pen had an outside 
portion (4.8 x 4.5 metres) with walls of the same design and an automatic 
watering device. Visual, tactile and olfactory contact between horses was 
possible over the railings. Ad libitum hay was delivered into a concrete 
trough 50 cm above ground level. 

The cavalry horses were bedded on straw in stalls (3 x 1.5 metres) with 
wooden partitions (at a height of 1.3 m) which allowed visual and olfactory 
contact between neighbouring horses. The horses were fastened to the wall 
with a log-and-rope system. Each stall had an automatic watering device in 
one anterior corner and a metal feed trough in the other. Concentrated daily 
rations (0.8 kg oats, 1.5 kg cereal mix and 2.2 kg alfalfa divided into three 
feeds) were delivered into this while 3 kg hay was fed from the floor three 
times daily. 
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Determination of total gut transit time using Portex markers 

As described in section 4: 2, two species of marker were given to gather more 
data about their transit characteristics with a view to adapting this technique 
for single stool studies. Three hundred Rl markers were given by mouth at 
the start of the experiment; three hundred R3 were given eight hours later. 

The total faecal output for the next 96 hours was collected on an 8-hourly 

basis. 

Determination of oro-caecal transit times 

The horses were given a paste of 26 grammes of sulphasalazine (Salazopyrin, 

Kabi Pharmacia Ltd, Milton Keynes, Bucks) milled with 30.5 g of mint sweet 
(Polo, Nestle Rowntree, York) by mouth. The first blood samples (7 ml into 

a vacutainer primed with oxalate fluoride) were immediately withdrawn via 
the intravenous jugular catheters. Sequential samples were taken every 
hour for six hours. 
Sulphapyridine is produced by the action of large bowel flora on orally 
administered sulphasalazine. High performance liquid chromatography 
(HPLC) was used to detect sulphapyridine in the plasma samples. 

Reagents: A solution containing 10mg/ml of sulphamethazine (supplied by 
Sigma) as internal standard was prepared in citrate /phosphate buffer pH5.0. 
Buffer was prepared freshly each day from 24.25 ml of 0.2M citric acid and 
25.75 ml of 0.4M disodium hydrogen phosphate. 

Chromatographic conditions: the separation was performed on a C-18 
Bondapak column (25cm, 10 gm particle size, Waters Associates). 
Compounds were eluted with a solvent of 1% acetic acid and methanol 
(77: 23) at a flow rate of 2.5 ml/min. A Waters pump model 6000 A and a 
fixed wavelength detector (Applied Chromatography Systems Model 
750/10a) were used with a detection wavelength of 254nm. The assay is 
linear up to 25mg/ml with a limit of reliable detection and relative standard 
deviation of typically 0.2mg/ml and 2-3% respectively. The retention times 
of sulphapyridine and sulphamethazine were 3.1 and 4.8 min, respectively. 
Quantitation was effected by measuring the peak height ratio of 
sulphapyridine to internal standard and reference to a calibration curve. 
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Extraction procedures: the internal standard (1ml) was added to 1ml of 

plasma and 3ml of diethyl ether/dichloromethane (6: 4) in a 10ml glass tube. 
The tubes were mechanically shaken for 15min and then centrifuged for 10 

min at 2,000 r. p. m. (rotor radius 7.5cm). The organic layer was separated, and 

evaporated to dryness under nitrogen. 

In all of the assays, the threshold of first appearance was set at the point 
where the ratio of suphapyridine to the internal standard (sulphamethazine) 

reached 0.02. 
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Results 

Total gut transit time 

Total mean number of R1 markers retrieved was 123.65 t 11.28 and for R3 

was 115.15 ± 13.43. This gave mean retrieval rates for markers R1 and R3 

were 41 and 38 per cent respectively. 

Mean transit times for the two markers (44.49 t 3.15 hours for R1 and 33.64 ± 
1.47 hours for R3) were significantly different (Wilcoxon signed-rank, 
p=0.0069). Therefore, the mean times for the transit of both markers in the 
two groups of horses were compared separately with a Mann-Whitney test. 
For R1, normal horses had similar mean TGTT (41.38 hours t 5.01) to crib- 
biters (41.60 ± 4.43, p=0.9168). For R3, normal horses had similar mean TGTT 
(34.16 ± 1.97) to crib-biters (33.11 ± 2.38, p=0.754). The Knightsbridge horses 
had a significantly longer total gut transit times than horses at Langford for 
both R1 (47.02 t 3.7 and 33.19 t 1.47 respectively, Mann Whitney, p=0.0105) 
and R3 (36.23 t 1.58 and 29.74 t 1.23 respectively, Mann Whitney, p=0.0105; 
figure 4.3 ). 

Oro-caecal transit time 

Time to first appearance (! 0.02 sample: standard) varied between horses from 
60 to 300 mins. There was a range in uptake of the salazopyrin with 
stereotypic horses taking up the material quicker than normal horses (figure 
4.4). The mean time to first appearance for stereotypic horses (84 mins t 
14.69) was significantly shorter (Mann-Whitney p=0.009) than for normal 
horses (234 ± 22.05). The mean time to first appearance of the Knightsbridge 
horses (120 mins ± 24.49) did not differ significantly from that of the 
Langford horses (170 ± 39.24, Mann Whitney, p=0.39; table 4.2). 
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Discussion 

The longer TGTT found in the Knightsbridge horses may be attributable to 
the absence of ad libitum forage and the opportunity for spontaneous 
exercise (Pearson and Merritt, 1991). Differences in the transit characteristics 
of the two types of marker may relate to the age of the subjects. The two year 
olds in section 2; 3 that did not show this discrepancy and may have tended 
to retain markers for less time. A shorter retention timewould be less likely 

to highlight differences in behaviour of markers such as the tendency to 
float. 

Although TGTT were comparable between horses with different behaviour 

patterns, the transit of digesta in the foregut of crib-biters was faster than that 

of normal horses. This suggests an association between the repetitive oral 
activity of crib-biting and the function of the oesophagus, stomach and small 
intestine. Previous radiographic studies (chapter 3) have shown that crib- 
biting bouts involve transient distension of the cranial oesophagus and 
considerable licking which appears to be an appetitive behaviour. The 
distension of the oesophagus did not prompt a wave of secondary peristalsis. 
Therefore, crib-biting does not directly enhance gut motility at the level of 
the intestinal wall. 

It may be that movements of the lips, tongue, soft palate and oesophagus 
lead to an increase in saliva production which , when swallowed, physically 
enhances the passage of food through the foregut. Peri-prandial drinking 
which is a recognised facet of equine ingestive behaviour (Sufit et al., 1985) 
may also play a role in the physical flushing of ingesta through the 
oesophagus, stomach and small intestine. The possibility that crib-biters 
may drink more often than normal horses is discussed further in sections 
4: 4,4: 5 and 5: 6. 

The fact that shorter oro-caecal transit times seem to have a negligible effect 
on total transit times may be because other factors that were more limiting 
e. g. fibre content of the diet (Pearson & Merritt, 1991). Like horses that have 
bolted their rations, crib-biters with oro-caecal transit times that are shorter 
than normal may present with colic as a consequence of sub-optimal 
digestion and rapid carbohydrate fermentation. However, most anecdotes 
linking crib-biting with abdominal pain imply the involvement of 
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flatulence rather than impactions or the presence of a carbohydrate overload 
(Karlander et al., 1965; Owen, 1982). 
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4.4: Experiment Ten: Digestibility trials, behavioural studies and further gut 
transit studies in crib-biting horses 

Introduction 

It is not certain why or, indeed, if unthriftiness occurs but the possibilities for 

crib-biters being less able to maintain bodyweight than normal horses on an 
equivalent ration include: 

(i) energy is expended in performing the activity 
(ii) crib-biters have less time for nutrition and therefore eat less 
(iii) crib-biting affects the digestibility of food, e. g. as a consequence of 
associated changes in oro-caecal activity 
(iv) food is wasted by the behaviour (Fraser, 1992) 

Radiographic studies (chapter 3) have shown that the behaviour creates a 
transient distension of the cranial oesophagus and it has been suggested that 
this may have an effect on satiety receptors. Estimates of the number of crib- 
bites performed in a day vary with the individual horse (Kusunose, 1992; 
Dodman et al., 1987; see also chapter 5: 5). The time budgetted for this 
behaviour varies accordingly but some horses spend over 8 hours per day 

crib-biting. The consequence of this shift in time-budgetting is considered in 
the current study. 

The food used during this experiment was one of the new generation of so- 
called "complete" diets that are becoming available commercially. The aims 
of the current study were to determine whether crib-biters are less able to 
maintain bodyweight than normal horses and if so, why. 
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Materials and Methods 

Horses 

Eight thoroughbred geldings of similar body condition were hired for this 
study. Bodyweights ranged from 491 Kg to 648 Kg. Four were crib-biters and 
four were normal. Mean starting weights for the normal and stereotypic 
horses were 551.1 ± 33.95 Kg and 533 3.58 Kg respectively. They were 
bedded on wood-shavings in concrete pens as described for the "Langford" 
horses in section 4: 3 

Feed 
At the beginning of the trial, the horses were given 10 Kg of hay per day. 
The test feed was introduced by giving 2 Kg with 3 Kg of hay twice daily. 
Over the next seven days, the feed component was increased to 5 Kg twice 
per day and totally replaced the hay ration. This feeding regime was 
continued for the following five weeks. The test feed comprised: 

Protein 13.0 
Oil 3.0 
Fibre 21.0 
Ash 7.2 
Calcium 1.6 
Phosphorus 0.9 

The horses were fed at 0930 hours and 1630 hours. They took between 60 
and 90 minutes to consume their ration which was designed to provide 1MJ 
Digestible Energy / Kg bodyweight 0.75; approximately 1.5 times maintenance 
requirements. No food refusals were observed. 

Four weeks after the introduction of the novel diet, gut transit 
determinations were made. 
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Determination of total gut transit time using Portex markers 

As in chapter 4.2, radiopaque polythene markers were administered per os 
ten minutes prior to the hard feed. Three hundred R1 markers were given 
by mouth at the start of the experiment; three hundred R3 were given eight 
hours later. Bedding was removed from the loose-boxes six hours later. The 

total faecal output for the next 96 hours was collected on an 8-hourly basis. 

The faeces from each 8 hour period were oven-dried at 800C for 48 hours, 

weighed and then radiographed in polythene bags. The radiographs were 
then examined and each species of marker during each eight hour period 

was counted. 

Determination of oro-caecal transit times 

The horses were given a paste of 26 grammes of sulphasalazine (Salazopyrin, 
Kabi Pharmacia Ltd, Milton Keynes, Bucks) milled with 30.5 g of mint sweet 
(Polo, Nestle Rowntree, York) by mouth and the first blood samples (7 ml in 

oxalate fluoride) were withdrawn via indwelling jugular catheters. 
Sequential samples were taken every hour for the next six hours. 
Sulphapyridine was detected by HPLC as described in section 4: 3. In all of the 

assays, the threshold of first appearance was set at the point where the ratio 
of suphapyridine to sulphamethazine reached 0.02. 

Faecal Analysis was performed on all faeces passed in the fourth and fifth 

week of the study. These were dried in a forced draught-oven as described 

above and then milled and sub-sampled before dry matter (DM) analysis. 
Further grinding through a 1mm screen was followed by determinations of 
organic matter (OM), gross energy (GE), crude protein (CP), acid detergent 
fibre (ADF) and neutral detergent fibre (NDF). 

Weight changes over the six weeks of the experiment were monitored, every 
fourteen days, using a walk-on weighbridge. 
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Behaviour 

Behaviour was recorded for ten days during the final fourteen days of the 
study. Alternate pairs of horses were scan sampled every thirty seconds for 
two hours in the afternoon and the following morning. Cribbing, eating, 
drinking, self-grooming, interacting with neighbours, rubbing against the 
wall of the box, pacing the box, resting, defaecation and urination were all 
recorded. 

Results 

Total gut transit time 

Total mean number of R1 markers retrieved was 171.12 ± 10.09 and for R3 

was 164.12 ± 8.01. This gave mean retrieval rates for markers R1 and R3 that 
were 51 and 55 per cent respectively. 

Mean transit times for the two markers (43.05 ± 2.29 hours for R1 and 38.96 ± 
1.65 hours for R3) were not significantly different (Wilcoxon signed-rank 
p=0.0687). Therefore, the mean times for the transit of both markers in the 
two groups of horses were compared with a Mann-Whitney test. Normal 
horses had significantly shorter mean total gut transit times (37.55 hours t 
2.39) than crib-biters (43.58 ± 1.56, p<0.05; figure 4.5). 

Oro-caecal transit time 

Time to first appearance (<0.02 sample: standard) varied from 60 to 300 mins. 
The appearance of salazopyrin in the plasma is represented in figure 4.6. 
The mean time to first appearance for stereotypic horses (105 mins ± 28.72) 
was not significantly different (Mann-Whitney p=0.8852) to that of normal 
horses (135 mins ± 56.79; table 4.2). 

Faecal analysis 

Mean daily dryweight faecal outputs for the normal and stereotypic horses 
were 3.06kg ± 0.263 and 2.91kg ± 0.072 (unpaired t-test, p=0.6014) respectively. 
The mean (± SE) percentage digestibilities for crib-biters and normal horses 
are shown in the table 4.3. 
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Weight changes. 

Both normal and stereotypic horses put on weight during the experiment. 
Mean finishing weights for the normal and stereotypic horses were 583.25 ± 
37.99 Kg and 551.5 ± 3.33 Kg respectively (figure 4.7). Mean weight changes 
over the six weeks for normal and stereotypic horses were 32.12 ± 5.89 Kg and 
18.5 ± 3.8 Kg respectively. The normal horses therefore showed a tendency 
to put on more weight, but this was not statistically significant (unpaired t- 
test, p=0.0865). Expressed as a percentage of their mean starting weights, 
these increases were more alike: 5.78 Kg (normal) and 3.47 Kg (crib-biters) 

and again the unpaired t-test showed that the difference was non-significant 
p=0.0701. 

Behaviour 

Percentage of time budgets spent in ten activities are shown in figure 4.8. 
There was a trend (Mann-Whitney p=0.0814) for crib-biters to spend less time 
(18.82 ± 1.93 per cent) eating than normal horses (32.89 ± 5.35). They spent 
significantly less time (33.25 ± 2.93 per cent, Mann-Whitney p<0.05) resting 
than normal horses (48.56 ± 5.44). There was an non-significant correlation 
between numbers of visits to the watering device and number of bouts of 
crib-bites observed (correlation coefficient 0.485) 
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Discussion 

The possible reasons for variable rates of marker-retrieval have been 

discussed elsewhere. The rates in this experiment were better than for 

experiment eight but worse than for experiment seven. Since the faeces in 

the current experiment were baked, radiographic resolution was better than 

it had been in experiment eight. The faecal output from the two-year old 
fillies in experiment seven was considerably less than for horses used in the 

subsequent two experiments. However there remained a considerable bulk 

to be radiographed in one exposure and therefore the thickness as well as the 

water content of the faecal block may affect the retrieval rate. 

The longer total gut transit times for crib-biters relative to normal horses 

may be interpreted in the light of their shorter oro-caecal transit times which 
followed a trend in the current study and have been shown to be 

significantly different in a previous experiment 4; 3. It may be that shorter 

oro-caecal transit times are associated with less efficient processing e. g. 

mastication and emulsification of fibre that then has to be retained in the 
large intestine for longer than normal. These differences in gut function do 

not manifest themselves in lower percentage digestibilities for the various 

components of the diet. Therefore, any unthriftiness in crib-biters is 

unlikely to be related to changes in digesta motility. 

For this study, attempts to select horses of similar bodyweight may have 

introduced differences in metabolic requirements between experimental and 
control animals. This is because, although bodyweights can be more 
accurately measured than body condition, any pre-existing differences in 
body condition would be reflected in differing ratios of tissues, e. g. muscle to 
fat. Therefore an already unthrifty crib-biter, with a greater proportion of 

muscle to fat than a control horse, would require more energy for 

maintenance. 

Although there were no significant differences in the weight changes during 
the study, there was a trend towards lower weight gains in the stereotypic 
animals. It may be that, while this experiment was long enough to 
investigate the digestibility of the novel diet, it was too short to expose the 
long-term consequences of crib-biting. The fact that the horses in this study 
were not exercised may have contributed to calorific conservation and 
therefore weight-gain. However this may be offset by the fact that exercise 
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reduces the time available for stereotyping and may fatigue horses to the 
extent that they are more likely to rest than stereotype once they are back in 
their stables (Kiley-Worthington, 1987). Working horses with stereotypies 
may have greater maintenance requirements than normal horses. In rare 
cases, crib-biting may be associated with such profound incisor erosion 
(figure 4.9) that the effective prehension of long fibre may become 

compromised. Should this occur in grazing animals that are not receiving 
daily concentrated supplements, unthriftiness would rapidly manifest itself. 

The behavioural studies showed that crib-biters rest less than normal horses. 
This may be an important cost for horses that, when crib-biting, expend 
energy which would otherwise have been conserved at rest. The tendency 
for crib-biters to spend less time eating is also likely to contribute to a relative 
energy deficit and therefore unthriftiness in horses on a critical plane of 
nutrition. 

The calorific cost of crib-biting may be similar to that of grazing since it 
involves the activity of similar muscle groups. However, unlike grazing, 
this expenditure is not linked to the nutrition of the animal. Unless it can 
be shown to improve the fitness of the animal by some other means, crib- 
biting must be considered maladaptive. 

In the course of the six week trial, occasional displays of lignophagia, 

coprophagia and intraspecific aggression were observed in the 21 or more 
hours per day when the horses were not feeding. To many ethologists 
(Fraser, 1992; Rees, 1984; Kiley-Worthington, 1987; Ralston, 1986; Crowell- 
Davis and Houpt, 1986) these behaviours indicate feed-related frustration. It 
seems therefore, that while being nutritionally sufficient for maintenance, 
the "complete diet" being fed to the horses in this trial was failing to meet 
their behavioural needs. 
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4.5: Experiment ten: Water intake studies in crib-biting and normal horses 

Introduction 

Drinking behaviour in weaned horses is related to ambient temperature, 

water availability, lactational status (Crowell-Davis et al., 1985) and the 
familiarity of their surroundings (Mars et al., 1992). Frequency of drinking 

ranges from several times per day to only once every two days (Crowell- 

Davis et al., 1985). Horses require 20 to 86 litres of water a day depending on 
the size of horse, the amount of exercise and the metereological conditions 
(Hinton, 1978). 

Drinking behaviour has been studied at pasture (Crowell-Davis et al., 1985; 
Martin et al., 1992) and in the stable (Fonnesbeck, 1969; Sufit et al., 1985). 
Ponies that had ad libitum food and water drank approximately 0.0435 L/kg 
bodyweight/per day. In the current study, the water intake of stabled horses 

was measured for 48 hours. 

A number of uncommon drinking disorders have been recognised in horses 

and ponies. Fraser (1992) describes polydipsia nervosa in stabled horses that 
have drunk 140 litres daily and notes that excess drinking has been linked to 
"boredom" (Falk, 1969). Polydipsia has been reported in one horse in 

association with psychogenic salt consumption (Buntain and Coffman, 1981). 

There are a number of reasons for studying drinking behaviour in horses 
displaying an oral stereotypy. Firstly, it has been suggested that "truly 
polydipsic" horses usually show the behaviour in association with feeding 
(Houpt, 1987c). Secondly, crib-biters have been seen to visit their water 
source in association with a bout of stereotypy (personal observation) and 
also occasionally soak a mouthful of their forage ration in water before 
taking it to a cribbing-post and chewing it between episodes of crib-biting. 

The levels of corticosteroids in crib-biting horses are discussed elsewhere 
(chapter 5: 6) but since it is known that raised corticosteroid levels can lower 
the water : salt balance in mammals (Wilcke and Davis, 1982; Teale, 1983; 
Feldman and Nelson, 1987) the water intake of stereotypic horses was of 
particular interest. Lower concentrations of corticosteroids have been found 
in poultry showing stereotypic spot-pecking behaviour (Kostal et al., 1992) 

166 



and similarly in pigs, levels of stereotypy were found to be negatively 
correlated to free corticosteroid concentrations (Cronin and Barnett, 1987). 

Furthermore, as an oral behaviour, drinking behaviour merits 
consideration in these animals in parallel with studies into feeding 
behaviour. It may be that crib-biters have greater needs for oral stimulation 
and that these needs can be met by a number of oral-based behaviours. On 

the other hand, the repeated passage of air into the cranial oesophagus may 
be associated with drying of oral, pharyngeal and oesophageal mucous 
membranes that can be remedied by swallowing water. 

Materials and Methods 

Twelve thoroughbred geldings were hired for this study. Bodyweights 

ranged from 491 Kg to 648 Kg (mean bodyweight 528 Kg ± 12.7). Six were 
crib-biters (mean bodyweight 536 Kg ± 23.7) and six were normal (mean 
bodyweight 520 Kg ± 10.75). They were fed ad libitum hay, bedded on wood- 
shavings and were housed individually in the same loose-boxes that were 
described in section 4: 4. The subjects were habituated to this environment 
for ten days prior to the start of the experiment. They were turned-out in a 
paddock for an hour per day. Access to the water trough during this period 
was denied. 

Water was available from two twenty litre plastic buckets that were kept full 
by being manually supplemented three times daily until the end of the 
experiment. Water intake was monitored for 48 hours by recording the 
amount that was added. 

Results 

Daily water intake in the stereotypic horses ranged from 21.75 to 44.95 litres 
with a mean of 30.82 (± 4.10). Normal horses drank between 22.25 and 48.43 
litres with a mean of 29.10 (± 4.53). When related to metabolic bodyweight, 
daily intake was 0.29 ± 0.04 L/Kga"75 for crib-biters and 0.26 ± 0.03 L/KgO. 75 for 
the normal horses (figure 4.10). This difference was not significant (Mann- 
Whitney, p=0.631). 
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Discussion 

Volume consumed is not the only facet of drinking behaviour to be studied. 
When visits to the watering device were related to the level of crib-biting 
shown by the same stereotypic horses (section 4: 3) there was an insignificant 

correlation between the ranks of drinkers and crib-biters. 

Water intake in stabled horses is relatively simple to measure but reasons 
for drinking cannot be assessed fully unless urine output is measured. The 

stereotypic horses in the current study did not drink more than the normal 
horses. It may be that differences in intake are so subtle that measurements 
for more than 48 hours are required to expose them. 

Individual horses that have appeared to visit their watering devices more 
often than expected, in informal observations, may be in a small minority 
that was not represented in the experimental group. 

A need to supplement blood volume may not be the reason for a reported 
increase in drinking behaviour in crib-biters. The moistening effect 
associated with drinking behaviour may play a role. Playing with water, 
rather than consuming it, may moisten the mouth without causing a 
measurable fall in the amount of water in the buckets. However, if crib- 
biting is associated with drying of the oral and oesophageal mucosae, water 
would have to be swallowed rather than washed around the mouth and 
then discarded. Further studies to examine the water intake, urine output 
and drinking behaviour in a larger group of horses may clarify the 
relationship between crib-biters and the need for water. 
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4.6: Conclusions 

From the studies described in this chapter, one can conclude that: 

(i) Radiopaque polythene particles are useful in assessing total gut transit 

times in horses. 

(ii) Orally administered sulphasalazine is broken down by microbial action 
in horses to release sulphapyridine which can be measured in the plasma. 
The appearance of sulphapyridine in plasma can be used as an index of oro- 

caecal transit time. 

(iii) In horses that were fed hay as part of their daily ration, crib-biting is 

related to a shorter oro-caecal transit time than normal horses. 

(iv) In horses on complete diets, i. e. with no forage component, crib-biting is 

associated with a significant increase in total gut transit time. 

(v) Changes in gut motility are not related to less efficient digestion as a 

cause of possible unthriftiness in crib-biters. 

(vi) Unthriftiness in crib-biters may occur if planes of nutrition are critical 
because these horses expend energy performing the behaviour while 
spending less time resting and nourishing themselves. 
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Table 4.1: The latency for ratio of sulphapyridine: internal standard to reach 0.02 
in horses at Langford and Knightsbridge. (Mann-Whitney, p=0.008). 

Crib-biters Normal horses 

Name Latency for ratic 
(sample: interna 

standard) to 

reach 0.02. 

Name Latency for ratio 
(sample: interna 

standard) to 

reach 0.02. 

Quartz 120 Charlie 180 
Arnie 120 Hazel 210 

B. J. 60 Nimble 300 
Fieldmaster 60 Nordic 240 
Foxhunter 60 Lawrence 270 

Mean (± S. E. ) 84 mins (± 14.69 Mean (± S. E. ) 240 mins (t 
21.21) 

Table 4.2: The latency for ratio of sulphapyridine: internal standard to reach 0.02 
in horses on complete diet. (Mann-Whitney, p=0.8852). 

Crib-biters Normal horses 
Name Latency for rati 

(sample: interna 

standard) to 
reach 0.02. 

Name Latency for ratic 
(sample: interna 

standard) to 

reach 0.02. 
Ted 180 Charlie 60 

Arnie 120 Chas 300 
B. J. 60 Sam 120 

Popsy 60 Jock 60 
Mean (± S. E. ) 105 mins (t 

28.72) 
Mean (± S. E. ) 135 mins (t 

56.79) 
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Table 4.3: The percentage digestibility of various dietary components by crib- 
biters and normal horses. 

Crib-biters 
(n=4) 

Normal horses 
(n=4) 

Mann Whitney 
P value 

OM 56.378 (± 6.03) 53.74 (± 4.39) 0.7728 
GE 64.35 (± 0.89) 64.01 (± 1.68) 0.8845 
CP 46.16#1.25) 1.25) 45.8 (± 1.48) 0.5637 
ADF 34.13 (f 0.46) 34.06 (t 3.31) 0.3865 
NDF 45.72 (t 0.46) 45.05 (t 2.43) 0.2482 
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Figure 4.1. The radiographic appearance of gut transit markers Rl and R3. 
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Figure 4.2: Faecal output in two trials of gut transit 
markers (R1+R3) in six fillies 

N. B. Unpaired t-tests showed no significant 
differences between 1st and 2nd trials in samples 
taken 40 hours after administration of markers 

(d. f. =10, unpaired t value=0.5, p=0.656). 
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Figure 4.4: The mean bioavailability (± S. E. ) of sulphapyridine 
in plasma of horses at Langford and Knightsbridge. 

174 

0 100 200 300 400 500 



-ý Crib-biting horses (n=4) 

Normal horses (n=4) 

C) 

cß 

O 
s.. C) 

cý 
0 H 

Q. 

0 

- 

7U-cu 
N 

O 

N 

4) 

N 

400 

300 

200 

100 

U 

Time since administration of markers (hours) 
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CHAPTER 5. PHYSIOLOGICAL AND BEHAVIOURAL CONSEQUENCES ASSOCIATED 

WITH PREVENTION OF CRIB-BITING, 

5.1: Introduction. 

The debate surrounding stereotypies in captive and domestic animals has 

centred on the possible function of these behaviours. Suggestions which 
imply the absence of suffering have included 'coping' (Broom, 1991), 'self- 

organization' (Fentress, 1976), 'adaptation' (McBride, 1980) and 'de-arousal' 

(Wood-Gush et al., 1983). Other workers have indicated that stereotypic 
animals suffer from frustration (Thorpe, 1969; Rushen, 1985) and an 
impaired capacity to interact with the environment (Cooper and Nicol, 1991). 
To generalise about all stereotypies in all species may be unrewarding since it 
is now becoming accepted that stereotypies vary between species and that they 

are heterogenous in origin (Mason, 1991b). 

In horses, crib-biting is a common oral stereotypy that can be manipulated 
experimentally to investigate its proximate effects. Summerhays (1975) 

regarded hunger and boredom as triggers of a bout of crib-biting while 
Sambraus & Rappold (1991) indicated that excitement initiates the stereotypy. 
Others have suggested that many stereotypies can be related to their 

motivational origin and morphology (Rees, 1984; Kiley-Worthington, 1987; 
Prince, 1987). From this premise, it is supposed that crib-biting may function 
to meet foraging needs that are unsatiated. Other possibilities are that crib- 
biting functions to reduce stress; to meet foraging needs and reduce stress or; 
to do neither. 

Despite the fact that the functional significance of crib-biting has yet to be 
established, prevention of the behaviour is regularly attempted. It may be 
that the prevention of this behaviour compromises welfare. By preventing 
crib-biting under controlled conditions, we can identify proximate effects of 
this stereotypy and this can give us some clues about function. There is room 
for caution in the interpretation of results of deprivation studies: if an animal 
shows a rise in stress parameters during a period of deprivation, it does not 
necessarily follow that the function of that behaviour is stress-reduction. For 
example, deprivation of sexual behaviour could be a cause of stress, even 
though its function is not stress-reduction. However, this approach certainly 
has its merits since absence of a stress response would be unlikely to 
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accompany the prevention of a behaviour that was important in the 

reduction of stress. 

Short-term prevention of crib-biting can be achieved by housing animals in 

projectionless boxes or electrifying any ledges in a loose-box (Baker and Kear- 

Colwell, 1974). Occasionally horses develop the ability to wind-suck without 
the grasping of any fixed object (Sambraus and Rappold, 1991). Because wind- 

sucking includes postural changes in the horse's neck, individuals can be 

discouraged from performing the behaviour by the application of a cribbing- 

collar (Hayes, 1968; Hachten, 1995) which is the most common means of 

short-term prevention. This device is a simple leather strap with a 

galvanised, hinged arc incorporated into its length. This arc accommodates 
the trachea and allows normal breathing despite the collar being tightened to 

point where neck-flexing and/or the engulfing of air are not performed. 
Often the collar has to be so tight that normal deglutition is not possible and 

skin trauma is apparent (Hachten, 1995). 

Longer-term prevention, though by no means always successful, involves 

surgical intervention and the excision of the nerves and/or muscles of the 

ventral neck (Hakansson et al., 1992) or the fistulation of the buccal cavity 
(Karlander et al., 1965). Some success has also been claimed for the use of 
acupuncture in the treatment of crib-biters (Kuusaari, 1983). 

The following studies examined the consequences of short-term prevention. 
Behavioural consequences were examined in subjects that had worn a 
cribbing-collar for 24 hours (experiment twelve). I then considered the role 
played by beta-endorphin and cortisol in stereotypic behaviour in an 
experiment which examined the behavioural and physiological consequences 
of six hours of cribbing prevention in a projectionless box (experiment 

thirteen). 
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5.2: Experiment Twelve: The effect of short-term prevention on the 

subsequent frequency and intensity of crib-biting. 

Introduction. 

Prevention studies form an important part of ethological experimentation. 
When an animal is prevented from performing a behaviour, it modifies its 
behavioural organisation and repertoire. The development of novel 
behaviours and altered prevalence of analogous behaviours can offer clues as 
to the significance of the prevented behaviour. The way in which a 
behaviour pattern returns to the ethogram after a period of restriction is of 
interest to applied ethologists. 

The response to a re-presented stimulus is known as the recovery. Complete 

recovery describes the return of a response to its original level. Kennedy 
(1985) stresses that, in complete recovery, the intensity of activity performance 
could be returned to its original level but no higher. Therefore, if there is a 
"rebound" to higher levels than had previously been performed under non- 
deprived conditions, recovery is an incomplete explanation of the effect. 

The demonstration of a rebound effect may be evidence that motivation has 

continued to increase during the period of deprivation (Nicol, 1987). Work in 
dairy cattle (Wierenga et al., 1985) showed a compensatory increase in lying 
behaviour when the animals were let out of sheds with limited numbers of 
cubicles. Similar patterns have been found for "playing" behaviour when 
caged rabbits are released (Lehrmann, 1985), for wing-flapping in battery hens 
(Nicol, 1986) and galloping in horses that have been stabled over winter 
(McGreevy, pers. obs., Appendix iii). Because the rebound effect has also been 
incorporated into models of displacement activities, it has been proposed that 
it may be a more widespread phenomenon than is realised (Nicol, 1986). 
There is room for caution, however, in the interpretation of rebound effects 
since they cannot give an absolute indication of how frustrating a deprivation 
is. 

The presence of a rebound effect can be used as a means of determining the 
rise in internal motivation to perform a behaviour that could occur during a 
period of deprivation. Alternatively the animal's reaction is a response to the 
novelty of the external stimulus being re-presented. This hypothesis seems to 
rely on the reduction in positive feedback from, or the loss of memory 
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relating to, the external stimulus as the period of deprivation proceeds. This 

would mean that the novelty of the stimulus at the time of re-presentation 
was greater than when it was first presented, but a stimulus can never be 

more novel than it was on the first ever presentation. However, since 
neophobia may account for an initial reticence to respond to a stimulus at its 
first presentation, one must take care when measuring pre-deprivation levels 

of activity performance and trying to comment on the novelty of a given 

stimulus. Ethologists are dogged by the fact that they often do not have data 

regarding the first ever presentation of a stimulus. Furthermore, an animal's 

response to the stimulus when first presented may be complicated by its age 
and, in the case of a young animal, its physical ability to respond. 

The "novelty" argument has been applied to rebound dust-bathing in fowl 
(Murphy and Wood-Gush, 1978; Hughes, 1980). However, Nicol (1987) 

negates novelty as a cause of post-inhibitory rebound by indicating that post- 
deprivation eating in a food-deprived animal is not related to novelty but 

reflects an adaptive motivation to supplement depleted energy reserves. 

The current study aimed to examine the effects of short-term prevention 
using a cribbing-collar (figure 5.1), on the frequency and intensity of the 
stereotypy in the period immediately after collar removal. 
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Materials and methods. 

Advertisements in a free local newspaper were used to solicit the co- 

operation of owners of stereotypic animals. Respondents to this advert who 

owned horses with oral-based stereotypies were asked whether their horses 
held onto a fixed object and emitted a grunting noise while performing the 
behaviour. Animals that did both were regarded as being crib-biters. Owners 

of gelded crib-biters were invited to bring their animals to the veterinary 

school at Langford for the study. Some were unable to co-operate because 

they had no transport or because they did not want their horses out of work 
for the seven days required for the experiment. 

Sixteen crib-biting horses were hired sequentially from the public for seven 
days each. They were fed soaked hay ad libitum, were bedded on wood- 
shavings and were housed individually in wooden loose-boxes. Each box 

measured 3.6m x 3.7m and was built against the interior wall of a brick barn. 
Each box had wooden partitions on three sides to a height of 1.2m, above 
which were vertical metal bars (0.8m long and 5cm apart). The door was of 
similar construction and as such had no upper edge which could be used as a 
substrate for the crib-biting stereotypy. The test stable included a wooden bar 
(65cm x 4cm x 15cm) which was bolted to a pair of metal cups, which in turn 
were bolted to the brick wall at the rear of the box. 

The same non-stereotypic 18 year old pony gelding was used as a companion 
animal for each hired horse and was housed in the loose-box next to the 
experimental stable. Tungsten lighting was used from 1600 to 0900 hours. 
The two animals were turned-out together into a one acre paddock with 
wooden post-and-rail fencing between 0830 and 0930 every morning. Each 
subject was allowed to habituate to the experimental stable and paddock for 
two days before recording began. 

After the non-recorded habituation days, the behaviour of horses in the 
stables was video-taped, for ten seconds every minute. On this basis, one 24 
hour period was recorded per video-tape. From these tapes, the hourly rates 
of crib-biting were calculated for five days. From the five days of video- 
records, the hourly rates of eating were calculated for days 1 and 3, to 
determine any rebound in ingestive behaviour as a consequence of the 
treatment. 

185 



Eight of the horses were randomly selected to wear a collar on the second day 

and a further eight were used as non-collar-wearing controls. The collar was 

put on at the end of the hour in the field, as soon as the horse had been 

brought into the stable. It was removed at the same stage on the third day. 

The experimental plan is shown in table 5.1. 

Hay consumption in kilogrammes was monitored throughout the 

experiment in ten of the horses (n=5 test; n=5 control). 

Results. 

Hourly rates of crib-biting are shown in table 5.2 (test horses) and table 5.3 

(control horses). 

The deprivation technique was incomplete in two of the eight test horses. 

These horses attempted to perform a similar behaviour during the 

deprivation day by resting their chins on the empty metal cups. Two of the 

control horses failed to crib-bite at all. Therefore, these four animals were 

removed from the analysis of rebound. 

The hourly crib-biting rates for test horses rose from 14.15 ± 0.99 on day 1 to 

19.43 ± 1.33 on day 3, the rates for normal horses rose from 8.73 ± 1.02 to 9.39 ± 

0.81. Because there was some diurnal variation in crib-biting rates over each 
day and due to concern about the significance of the rise in normal horses and 
their generally lower crib-biting rate, the 24 hour periods were divided into 

thirds from 0800 hours for analysis of response to the treatment (tables 5.2 and 
5.3). 

Multivariate analysis of co-variance, using MANOVA, was performed to 

examine differences in cribbing rates by partitioning the effect of a co-variate. 
In this case, the independent variables were day of the experiment, third of 
the day, group (test or control) while the dependent variable was the rate of 
cribbing. The effect of these variables was assessed while controlling for the 

effect of adding a further co-variate to the model, in this case, the baseline 
differences in daily crib-biting rate between test and control horses. Using this 
method, a significant rise was found in the cribbing rate of tested horses when 
day three was compared with day one (table 5.4. a - table 5.4. d, figure 5.2. ). 
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Peaks of stereotypy occurred between 2100 and 2200 hours while peaks of 
feeding occurred between 1700 and 1800 hours (figure 5.3. ). For both 

behaviours, the trough in the hourly mean of activity occurred in the hour 

when horses were turned-out in the paddock. 

Polynomial regression tests for trend in the rhythm showed that for the 14 

horses that did crib-bite, a monophasic curve with a peak at 1200 hours was 

significant (p<0.05) in five of the horses on day 1 and eight on day 3 (e. g. 
figure 5.3. a. plotted for one individual, "B. J. "). One horse, "Murphy", had an 
inverted curve in his pattern of crib-biting with a trough at approximately 
1500 hours on both days (F=5.79, d. f. =2, p<0.05 on day 3; figure 5.3. b. ). When 

cribbing rates were combined from days 1,3,4 and 5, the control horses (9.98 ± 
0.61) seemed to have cribbed less than the test horses (16.79 ± 0.84) but this was 
not a significant difference (unpaired t-test, d. f. =10, t=1.82, p=0.0988). 

MANOVA was also used for the rate of bites taken from the hay-net (tables 

5.5). No significant differences were found between test and control animals 
in the number of "hay-bites" on the first day after collar removal (see table 
5.6). 

Hay consumption did not differ significantly between test and control horses 

on the test day (13.81 kg ± 2.87 and 17.66 kg ± 1.05, respectively, ANOVA, 
F=2.04, d. f. =10, p=0.1832). Mean daily hay consumption for the five days did 

not differ significantly between test and control horses (15.71 kg ± 3.15 and 
17.55 kg ± 1.05, respectively, ANOVA, F=0.5, d. f. =10, p=0.4952). 

The mean hourly cribbing rate observed in my 24-hour studies was 13.2 ± 2.42. 
Since the time-lapse was set to record ten seconds in every minute, this gives 
an estimated mean hourly cribbing rate of 79.1 ± 13.80 and an estimated mean 
daily cribbing rate of 1899.48 ± 331.28. If each bite takes approximately 5 
seconds to perform (Dodman et al., 1987) this would mean that the mean 
daily duration of crib-biting in this study was 2.64 hours ± 0.09. The 
maximum mean hourly rate for any of the horse-days observed was 46.46 ± 
3.82. Using the same multiplication factor, one can extrapolate that this horse 
was capable of spending 8.88 hours stereotyping. 
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Discussion 

Substitutability of eating and crib-biting. 

Given the links between crib-biting and eating that have been identified in 

chapters 2,3 and 4, one would expect the diurnal rhythm of crib-biting to be 

similar to that of eating. This is what was seen in the current study. 

The rhythm reported here adds to the findings of Kusunose (1992), who 

studied three horses given intermittent concentrate feeds and found that 

cribbing frequency rose around the time of delivery of the concentrates. This 

author felt that cribbing occurred in response to frustration in association 

with food that is more physically concentrated than forage. Cribbing rates in 

the current study were similar to those reported elsewhere by Dodman et al. 
(1987). 

Peak rates of eating and crib-biting did not coincide because both behaviours 

involved the mouth and therefore, at any given instant, they were mutually 
exclusive. This does not mean that the stereotypy can be viewed as a direct 

analogue of eating. However, if one compares the morphologies of crib-biting 
and other oral behaviours e. g. grooming or flehmen, the appetitive chewing 
action and involvement of the tongue in crib-biting suggest that it is most 
closely related to an ingestive process. 

Over a 24 hour period, major peaks and troughs in crib-biting and eating 
occur in the same parts of the day largely because these behaviours are not 
seen during rest or recorded during the turn-out period. However, if one 
compares the relationship between the two behaviours during hours that 
recorded activity other than rest, rises in the rate of eating tend to be mirrored 
by falls in the rate of crib-biting and vice versa. 

Eating is the first part of a complex ingestive and digestive process. The role 
of crib-biting in post-oral gut function may be considerable compared to the 
effects that it has on oral sensory output or function. The relationship 
between food and crib-biting is given further consideration in section 5: 5, that 
includes studies on the time-budgets of crib-biters that are prevented from 
crib-biting. 
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Rebound. 

The cribbing-collar did not reduce the ingestion of hay and, therefore, its 

removal did not cause a rebound in, crib-biting that was dependent on any 

subsequent need to replenish gut fill and energy requirements. Therefore, 

one can deduce that, when fitted properly, collars do not limit the swallowing 

of an individual's daily bulk requirement through pain or 

oesophageal/ pharyngeal constriction. This may explain why cribbing collars 
have not been implicated as a cause of unthriftiness in crib-biters. 

It has been suggested (Morgan, pers. comm. ) that, to examine motivation 
during periods of deprivation, one should look for signs that the animal is 

searching for the absent resource. However, in the current experimental 
design, it was not possible to say if horses spent time searching for the 

cribbing-bar since the position of their hay-nets meant that they were required 
to feed in the quadrant of the loose-box that had included the bar. 

Furthermore, had the bar and the hay-net been in discrete zones within in the 
box, time spent in the bar zone during collar-wearing and bar-deprivation 

could also be interpreted as rest in a familiar site. 

The fact that the level of activity performance was significantly higher than 
its original level defines it as post-inhibitory rebound rather than recovery 
(Kennedy, 1985). The post-inhibitory rebound in crib-biting is unlikely to be 

related to novelty. The novelty value of a cribbing bar to a crib-biter would be 

maximal at the time of his or her first ever bout of stereotypy. Anecdotal 

reports from the owners of crib-biters suggest that the behaviour rises in daily 
frequency over a period of time. Similarly, evidence from voles (Cooper, 
1993) and mink (Mason, 1993b) suggests that stereotypy frequency undergoes a 
gradual, rather than quantum, rise to an established mean level. 

For post-inhibitory rebound to be a product of the novelty of the replaced bar, 

the bar would have to function as an external stimulus to crib-biters. It has 
been suggested that wind-sucking develops in horses that have been deprived 

of a crib-biting substrate (Fraser and Broom, 1990). This implies that crib- 
biting is preferred to wind-sucking and that suitable substrates enhance rather 
than stimulate the behaviour. The fact that crib-biting is a repetitive 
behaviour suggests that it is positively self-reinforcing. Having a substrate to 
seize facilitates crib-biting and may increase reinforcement but the presence of 
a bar is not an obligatory requirement in all horses with related oral 
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stereotypies since wind-sucking has been reported in some crib-biters 
(Sambraus and Rappold, 1991). 

Crib-biters are usually surrounded by suitable substrates, e. g. stable doors 
indoors and fence rails outdoors. The presence of a cribbing bar does not 
stimulate crib-biting as an external stimulus in the same way that palatable 
food seems to (Dodman et al., 1987; Gillham et al., 1995). Since cribbing-bars 
do not act as a novel external stimulus, the only remaining explanation is 

that the post-inhibitory rebound results from an increase in motivational 
tendency during the period of restriction. This may explain why prevention 
of crib-biting is highly unlikely to effect a cure since the motivation to 

perform the behaviour is likely to rise rather than fall. Furthermore, if the 

motivation to crib-bite is internal, to thwart it by prevention is likely to cause 
frustration and possibly suffering (Dawkins, 1988). 

Although meriting discussion from a philosophical point of view, it may be 

that "rising internal motivation" and "increased novelty" are merely labels 
for the same process. 

An immediate conclusion from this study may be that all affected horses 

should be allowed to crib-bite. However, this would meet with opposition 
from those who feel that crib-biting is directly linked to an increased risk of 
flatulent colic (Owen, 1982) and that it would, therefore, be negligent to 
abandon attempts at prevention. There is evidence to suggest that true 
aerophagia is not involved in the stereotypy (chapter three; McGreevy et al., 
1995b) but the extent to which some of these horses have an abnormal 
oesophagus which is unable to prevent the passage of air with boluses of food 
has not been studied. It may be that horses that engulf air to the point at 
which that their health can be affected by flatulent colic could be identified by 

videofluoroscopy and the remaining crib-biters could be allowed to stereotype 
at will. The damage done to incisors during a lifetime performing this 
behaviour could be minimised by the provision of cushioned cribbing-bars 
throughout the horse's environment. 
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5.3: The role of cortisol in stress and stereotypic behaviour. 

Veith-Flanigan and Sandman (1985) stated that the term "stress" encompasses 

all possible extra-individual events capable of evoking a broad spectrum of 
intra-indivdual responses mediated by a complex filter labelled individual 

differences. 

Measuring stress 

Of the many responses that can be brought about by stressors, one of the 

adaptive mechanisms which prepares an animal to respond is the 

hypothalamus-pituitary-axis (H. P. A. ). This pathway mediates the endocrine 

response to stress and other states of arousal that may require activity, e. g. 

courtship. When an arousing stimulus is perceived by the CNS, 

neurotransmitters in the limbic system stimulate the hypothalamus to 

produce Corticotrophin Releasing Factor (C. R. F. ) which reaches the anterior 

pituitary to stimulate Adrenocorticotrophic Hormone (ACTH or 

corticotrophin). This hormone stimulates the adrenal cortex to secrete 
plasma cortisol that is recognised as a neuroendocrine index of arousal (Jones 

et al., 1989). 

There are problems associated with using cortisol measurements as an index 

of stress, e. g. levels are increased by catching and handling the animals. If 
individual samples are being removed one can overcome this problem by 
sampling before the adrenal cortex has been activated. In rats and mice this 
means that samples have to be withdrawn within two or three minutes of 
catching (Gartner et al., 1980: Riley, 1981). However, where experimental 
design requires that serial samples are removed, even if samples are removed 
via indwelling catheters to minimise the stress of sampling, those other than 
the first will reflect previous handling and sampling. In some horses, simply 
having an operator in the vicinity of the jugular vein is sufficient to elicit 
anticipation of venepuncture (McGreevy, pers. obs. ). In some species, the use 
of tubing treated with anti-coagulant may facilitate the remote removal of 
blood-samples. 

When raised plasma cortisol is used as an index of poor welfare it must be 
borne in mind that, rather than exclusively being a response to aversive 
stimuli, it can also reflect arousing states that require physical effort. 
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It has been suggested that, once it is in the periphery, cortisol is too peripheral 
to the HPA axis to be used as an index of stress response (Ladewig et al., 1993). 
This is because, since it is subject to a number of modulating factors such as 

vasopressin and endogenous opioids, it is no longer a direct measure of CRF 

release. For this reason, the ACTH stimulation test has the advantage of 
providing more consistent levels than the measurement of basal levels 

which may be highly variable and is therefore favoured, especially for 

assessments of chronic stress (Friend et al., 1977). This technique involves 

administration of exogenous ACTH and subsequent assaying of circulating 
levels of glucocorticoids. However, the use of intravenous injections makes 
procedures more invasive and could be less attractive to experimenters since 
it involves the introduction of another variable in a similar fashion to 

naloxone response tests in the evaluation of beta-endorphin activity. 

The use of plasma cortisol in deprivation studies is well established e. g. 
Higley et al. (1982) found a rise in plasma cortisol in adult monkeys separated 
from their peer group. Another example of the use of cortisol in animal 
welfare studies was conducted by Kent and Ewbank (1986) who compared 
calves on an 18-hour journey with calves simply deprived of food for the 
same period. The peak value for plasma cortisol, in the calves that were 
transported, occurred 10 minutes after the start of the journey while levels in 

control calves remained low until they were provided with food. 
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The relationship between stress and stereotypies. 

Does an increase in stereotypic behaviour cause an increase in stress? 

Research in laboratory rodents has not produced clear evidence that the 
performance of stereotypies is associated with a reduction in cortisol (Manser, 
1992), as one might expect if these behaviours are coping mechanisms 
(Dantzer and Mormede, 1983). Lower concentrations of corticosteroids have 
been found in poultry showing stereotypic spot-pecking behaviour (Kostal et 
al., 1992) and similarly in pigs, levels of stereotypy were found to be 

negatively correlated to free corticosteroid concentrations (Cronin and 
Barnett, 1987). In instances of long and short-term deprivation involving 

chain-manipulating by pigs, no rise in cortisol was detected (Terlouw et al., 
1991). Meanwhile, Kennes and de Rycke (1988) showed that prevention of 
jumping stereotypies by physical restriction was associated with a significant 
rise in corticosteroid concentrations in voles. 

It seems that data on a relationship between the performance of stereotypies 
and HPA activity is generally inconsistent. Ladewig et al. (1993) suggest that 
the lack of consistency in comparisons between developing and established 
stereotypies may account for some of the confusion surrounding this 
relationship. 

Does an increase in stress cause an increase in stereotypic behaviour? 

It is acknowledged that stressors come in a variety of forms and it is 
important to define "extra-individual events" when they are being studied as 
stressors (Ladewig et al., 1993). Stereotypies are generally assumed to develop 
in association with increases in cage-induced stress (Ladewig et al., 1993), e. g. 
laboratory cages which restrict space, inhibit the expression of a normal 
ethogram and elicit escape attempts are associated with locomotory 
stereotypies in voles (Odberg, 1986). Furthermore, once developed, 
stereotypies can become more frequently expressed in association with 
increases in environmental stress, e. g. Appleby et al. (1989) showed that, in 
sows, the performance of stereotypy was encouraged by the noise of 
neighbours chain-chewing. 
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Relationship between HPA function and opioids 

In man, naloxone causes a rise in ACTH and cortisol levels (Volavka et al., 
1979) while morphine is associated with a fall in cortisol (Zis et al., 1984). 

Furthermore, because plasma cortisol levels were higher (30%), although 
non-significantly, in human subjects with obsessive compulsive disorder 

(OCD, an American label for stereotypies) than in controls, it has been 

suggested that elevated cortisol levels may exert a negative feedback effect on 
beta-endorphin release (Weizman et al., 1990). It is also thought that an 
intracranial portal venous system exists and this transports beta-endorphins 

from perivascular terminals in the hypothalamus to the pituitary and there 

modulate ACTH secretion. 

Cortisol in horses 

In horses, cortisol has been shown to rise in response to exhaustive exercise 
(Linden et al., 1991) and that plasma levels, both before and after exercise, 
depended on the discipline for which the horse was trained. Acute illnesses 

such as colic and fracture are also associated with elevations in plasma 
cortisol levels (Hoffsis and Murdick, 1970). Since insulin causes a rapid rise in 
ACTH, it is possible that the hypoglycaemic elements of shock in acute illness 

are responsible for the release of cortisol. 

The circadian rhythm in adrenocortical function in horses has its peak in the 
morning (Bottoms et al., 1972) and is thought to be the result of a circadian 
variation in HPA activity which, in turn, has been linked to the dark-light 

cycle (Orth and Liddle, 1967). 
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5.4: An overview of the relationship between endogenous opioids and 
stereotypies. 

Does an increase in opioids correlate with an increase in stress - or a decrease 

in stress? 

Endogenous opioids act as neuropeptides, neurotransmitters and as typical 
hormones. Three groups of opioids are recognised - enkephalins, dynorphins 

and endorphins. The last of these is measurable in plasma and as such is of 
interest as an indicator of stress. Opioid peptides in the pituitary gland and 
hypothalamus have an important role in modulating the release of various 
hormones involved in the stress response e. g. prolactin, growth hormone 

and luteinising hormone (Grossman and Rees, 1983). 

Levels of endorphin and ACTH in plasma have shown identical curves in 

response to stress (Guillemin et al., 1977; Rossier et al., 1977). Although 
known to enter the circulatory system in the brain, levels of opioids in 

peripheral circulation have been found to differ from cerebrospinal fluid 
levels during stress (Smith et al., 1986; Owens et al., 1988). Plasma beta- 

endorphin-like immunoreactivity which is a measure that includes beta- 

endorphin and the related opioid peptide, beta-lipotrophic hormone (with 

which there is some cross-over during radioimmunoassay) has been shown 
to rise in response to surgical stress in horses (Taylor, 1987), restraint in 
monkeys (Kalin et al., 1985) and electric footshock in rats (Rossier et al., 1977). 
The release of beta-endorphins in response to stressors has also been 
illustrated by naloxone-responsive reductions in pain sensitivity that occur 
when animals are stressed (Amit and Gallina, 1986). Endogenous opioids are 
also responsible for modulatory effects on a number of physiological 
responses (Akil et al., 1984) and have been shown to promote oral behaviour 
in response to stress (Morley and Levine, 1980). 

Bechara and Van der Kooy (1985) found that beta-endorphins have opposing 
motivational effects in the brain and the periphery and this helps to explain 
why the measurement of beta-endorphins is controversial among ethologists, 
who seek to know how their subjects "feel". Kalin et al. (1985) found that, in 
monkeys subjected to 30 minutes of restraint, plasma levels of beta- 
endorphin rose while levels in cerebrospinal fluid did not alter. Therefore, 
when taken in consideration with factors such as the episodic fashion of their 
release and the variable breakdown of hormones during stress, the 
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interpretation of peripheral levels of endogenous opioids remains 

controversial (Ladewig et al., 1993). Dissatisfaction with peripheral measures 

of endogenous opioids is further fuelled by the fact that endogenous opiates 

systems are distributed throughout the body and that opiates have diverse 

molecular forms (Owens and Smith, 1987). Furthermore, as with cortisol, 
problems arise when attempting to collect plasma samples in a manner that 
does not artefactually raise levels of endogenous opioids. However, 

compared to cortisol, beta-endorphin is thought to be more useful as a 

physiological indicator of long term stress (Manser, 1992) because elevated 
levels of beta-endorphins have been found in chronically-stressed laboratory 

rodents that have an adapted HPA axis. 

It has been suggested that beta-endorphin is released from the 

neurointermediate lobe of the pituitary gland while ACTH, controlling 
cortisol secretion, is released from the anterior lobe of the pituitary (Clarke et 
al., 1984). Furthermore, variability in the way cortisol and beta-endorphin 

adapt to continued challenges seems to depend on the nature of the stressor 
and the species of the subject. Blood-sampling in sheep over a five-day period 
(Fordham et al., 1989) identified a more rapid adaptation to the sampling 
procedure shown by the levels of beta-endorphin than those of cortisol. The 

same workers found that prior handling attenuated the beta-endorphin 

response at slaughter but had no equivalent effect on cortisol responses. This 

evidence suggests that, in sheep, cortisol is less subject to adaptation and 
habituation. 
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Do opioids cause an increase in stereotypies? 

Morphine and other opioids lead to stereotyped locomotion and oral 

stereotypies when given peripherally to rats and mice (reviewed by Robbins 

and Sahakian, 1981). Some horses are reported to exhibit transient head- 

nodding, given intravenous opioids for clinical purposes, regardless of 

whether they are stereotypers when not medicated (Waterman, pers. comm. ). 

Despite controversial reports of peptide transport systems for the passage of 

opiates across the blood-brain barrier (Banks and Kastin, 1990), accounts of 
intravenous opioids having a central effect are somewhat at odds with the 

contention that molecules as large as opioids, that are 31 amino acids long, 

cannot pass through the blood-brain barrier. 

Do stereotypies cause an increase in opioids? 

While the function and concentration of beta-endorphins in the brain seem 

more salient, it may be worth considering the possibility that the relationship 
between opioids and stereotypies could be mediated at a peripheral level. The 

extent to which beta-endorphins rise as a consequence of stereotypies is not 
fully understood. Furthermore, the relationship between endogenous 

opioids and stereotypic behaviour has been described as a complex one 
(Ladewig et al., 1993). This is because the concepts of self-rewarding 
behaviour and a possible coping mechanism are also interwoven (Broderick 

et al., 1993; Weizman et al., 1990). Significantly lower than normal plasma 
levels of beta-endorphins have been reported in stereotypic horses and 
obsessive-compulsive humans (Gillham et al., 1994; Weizman et al., 1990). It 

would appear that the age of the stereotypy is also implicated in the role 
played by endogenous opioids (Kennes et al., 1988; Schouten and Rushen, 

1992). 

Very little data exist on the relationship between stereotyping and circulating 
beta-endorphin levels. Instead most workers have considered the response to 
naloxone or hypoalgesia as an index of opioid activity. 
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Naloxone. 

Dopamine-induced stereotypies can be attenuated by naloxone, a specific 

antagonist of opiate receptors (Moon et al., 1980), although some workers 

warn that it is highly dose-dependent (Grossman and Sutton, 1985). An 

inhibitory effect of opioid antagonists on the performance of stereotypies has 

been found in poultry (Savory et al., 1992), voles (Kennes et al., 1988) and 
horses (Dodman et al., 1987). Effects on the autonomic nervous system are 

also possible since naloxone has been shown to lead to increases in heart rate 

as well as reducing stereotypies (Schouten et al., 1991). 

The role of naloxone in repetitive and affective disorders is not clarified by 

work in humans. While naloxone treatment is effective in some manic 
human patients (Janowsky et al., 1978), when given to other individuals with 
OCD, a closer model of stereotypic behaviour, it has been shown to aggravate 

symptoms (Insel and Pickar, 1983). Although it involved only two subjects, 
this is an intriguing report since the administration of naloxone was followed 

by an acute worsening of obsessional doubt that was identical in quality and 
quantity to that seen in natural exacerbation of the disorder. This led to the 

suggestion that the these patients had defective opiate systems that failed to 

provide reward and self-gratification and therefore prompted inappropriate 
doubt (Insel and Pickar, 1983). 

Because d-amphetamine increases the release of plasma beta-endorphin in 
young human subjects (Cohen et al., 1981), the link between the endogenous 
opioid system and the pathophysiology of OCD has been fortified by the 
obsession-relieving effects of acute d-amphetamine administration (Insel et 
al., 1983). Furthermore, naloxone blocks d-amphetamine-induced increase in 
locomotor activity and self-stimulation in rats (Segal et al., 1979). 

The expression of stereotypies in sows is also blocked by naloxone at doses 

which were thought to have a minimal effect on spontaneous behaviours 

such as exploration (Cronin et al., 1985). However, subsequent work in 

rodents showed that endogenous opioids are implicated in a wide range of 
behaviours (Rodgers and Cooper, 1988). More recently, other workers 
(Rushen et al., 1990; Schouten and Rushen, 1992) have found that, after 
injecting tethered stereotypic sows with naloxone, non-stereotypic 
behaviours, particularly drinking were also affected by naloxone. Finally, 
while Cronin found that naloxone reduced the time sows spent performing 
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stereotypies by more than 50 per cent, others found reductions of only 20-30 
(Rushen et al., 1990) or 10 per cent (Schouten and Rushen, 1992). 
Paradoxically, naloxone actually increased the time spent bar-biting in some 
sows. These subjects were neither older nor younger members of the 

experimental group but appeared to be of random maturity (J. Rushen, pers. 
comm. ). 

It is possible that the differences between the results of the two groups 
emanate from using sows of different ages. The effect of opioid blockers may 
vary with age (either of the stereotypy or the stereotyper), e. g. the reduction in 

stereotypies diminishes with parity in pigs (Cronin, 1985), and with age in 
bank voles (Kennes et al., 1988) with naloxone having a greater inhibitory 

effect in younger animals than in older ones. 

It appears that the role of opioids in the performance of stereotypies is far 
from clear because, apart from the observation that naloxone blocks 
developing stereotypies, there is little evidence that stereotypies increase 

circulating levels of endogenous opioids (Ladewig et al., 1993). 
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Coping and self-reward. 

The reason for there being so much speculation about the role of opioids in 

stereotypic behaviour is that if they do generate an endorphin-based reward, it 

would possible to explain the persistent and repetitive facets of the behaviour. 
Therefore, it has been suggested that the performance of stereotypies increases 

opioid release centrally which may either have a self-narcotising effect or 
cause moderate arousal. Such a mechanism would elucidate the process of 
emancipation that involves the continued performance of stereotypies in the 

absence of their initiating environmental causes. 

If the persistence of stereotypic behaviour is due to opioid-based 
reinforcement this would sustain motivation for the repeated behaviour that 
would otherwise decline with its performance (Dantzer, 1986; Rushen et al., 
1990; Mason, 1991a). Without such initial self-reinforcement, the animal 
could be constantly switching between alternate activities, none of which it 

satisfactorily completes, thus wasting time and energy (McFarland, 1989). 
However, some have argued (Rushen et al., 1990) that, if stereotypies are 
rewarding, naloxone treatment should first increase the intensity and 
frequency of stereotypies because they would be experienced as less rewarding 
prior to extinction taking place. This has not been shown to occur. However, 
in non-stereotypic self-rewarding behaviour patterns, increases in 
performance are not an obligatory feature of the extinction process when 
reward is removed. 
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Hypoalgesia. 

Because the interpretation of peripheral levels of endogenous opioids 

remains controversial, it has been argued (Lawrence and Rushen, 1993) that 

their effects rather than their peripheral levels should be measured. This is 

why Rushen et al. (1990) used pain sensitivity to investigate the possibility 

that stereotypies increase opioid levels. Unexpectedly, pigs that showed more 

post-feeding stereotypies had a shorter latency to respond to painful stimuli 

than less stereotypic pigs (Rushen et al., 1990) as if they were more sensitive to 

pain. Therefore these workers argue that stereotyping seems to be unrelated 

to or seems to have a negative effect on this pain-killing effect of opioids. 

It is known that exposure to stressors can activate endogenous analgesic 

systems (Dantzer, 1986) some of which are known to be opioid-dependent 
because they can be blocked by naloxone or other antagonists of opiate 

receptors. 

If stereotypies stimulate endogenous opiate systems, pain sensitivity should 

vary in the same direction as it would if animals were injected with an opiate 

agonist such as morphine i. e., stereotypic animals should display lowered 

pain sensitivity compared to non-stereotypic animals. In fact, the opposite 

effect has been seen in stereotypic sows (Rushen et al., 1990) and rats (Tazi et 

al., 1987). Because the links between opioids and stereotypic behaviour have 

proved difficult to define, it is likely that reinforcement mechanisms in 

stereotypies are not confined to opioid pathways. 
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Relationship of endorphins and dopamine. 

Substances other than opioids can have reinforcing properties, for example, 

psychostimulants at low doses (Robbins et al., 1989). Dopamine antagonists 

such as haloperidol inhibit cage-induced stereotypies in voles above the age of 

six months so it is thought that dopamine may then be involved in self- 

reward (Kennes et al., 1988). However, it appears that the self-rewarding 

properties of dopamine also rely upon an intact opioid system. Dantzer (1986) 

argues that the involvement of endogenous opioids in stereotypic behaviour 

could be related to the facilitation of stereotypies by enhancing the 
dopaminergic pathways that underlie the stereotypic behaviour. 

If it is a dopaminergic (motor) mechanism that is responsible for actual 
performance of stereotypies (Goodman et al., 1983), increasing arousal that is 

responsible for their initiation (Duncan and Wood-Gush, 1974) and 
concomitant release of opioids that is responsible for the positive 
reinforcement as well as their rewarding properties (Van Ree et al., 1979; 
Bechara and Van der Kooy, 1985) and de-arousal (Savory and Hughes, 1988) 
then one begins to see why a clear understanding of crib-biting, which is also 
under the influence of heritability and the so-called emancipation process, is 

elusive. 

Rushen et al., (1990) interpret stereotypies in pigs as being derived from post- 
feeding rooting behaviour rather than from attempts to escape from 
tethering. This suggestion ties in with that of Dodman et al., (1987) who point 
out that eating may stimulate the pleasure centre in the CNS to release 
endorphins which themselves trigger dopamine release and enhance certain 
stereotypies. Amphetamines and apomorphine stimulate dopamine release 
and, along with stress, enhance stereotypic behaviour patterns, whereas 
dopamine blocking agents such as haloperidol can inhibit them (Korsgaard et 
al., 1985; Cabib et al., 1984). Advances in the classification of dopamine 

receptor sites and their function may provide the elusive key needed to 
unlock the mysteries surrounding the psychopharmacological pathway 
involved in the development and performance of stereotypies. 
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Beta-endorphin studies in horses 

From work in non-equine species, endogenous opioid peptides have been 

implicated in the regulation of pain perception, behaviour, gastro-intestinal 
activity and other physiological responses (Grossman and Sutton, 1985). The 

secretion of endorphin has also been implicated in improved appetite control 
and in the reduction of anxiety and stress (Harber and Sutton, 1984). 

Although the functional role, of these peptides in the horse has yet to be 

elucidated, it has been stated that a striking difference between horses and 
humans is the apparent capacity of horses to release greater amounts of beta- 

endorphin when they are subjected to highly stressful situations such as 
strenuous exercise or pain (Art et al., 1994). Kamerling et al. (1990) gave 
naloxone to eight thoroughbred racehorses and a number of behavioural and 
autonomic responses were measured. Naloxone produced rapid onset 
diarrhoea, restlessness, abdominal checking, tachycardia, tachypnoea, 

paradoxical yawning and diaphoresis. These responses described an acute 
abdominal distress syndrome similar to spasmodic colic. Results from this 

study suggest that, in the horse, endogenous opioids influence behaviour and 
reduce intestinal motility. Unlike other species that have been tested 
(Leshem, 1984), horses are unusual in that they do not exhibit an anorectic 
response to opioid antagionists. Naloxone-induced diarrhoea in horses has 

also been attributed to intestinal opiate blockade by other workers (Roger et 
al., 1985; Dodman et al., 1987). 

The role of endogenous opioids in the horse has been studied by relating 
plasma levels of immunoreactive beta-endorphin to a number of potentially 
stressful activities and clinical situations (McCarthy et al., 1993; Taylor, 1987). 
The application of an upper lip twitch resulted in a doubling of plasma beta- 
endorphin concentration after five minutes. Prolonged air transportation 
resulted in a sustained elevation of plasma beta-endorphin compared to 
values measured at rest on the ground during the same day, but short-term 
road transport (i. e., for 1 hour) did not alter circulating plasma beta- 
endorphin concentrations in animals accustomed to travelling in a horse- 
trailer. Horses with severe abdominal visceral pain (e. g., colic) showed 
marked elevations in plasma concentration of beta-endorphin which may 
have contributed to any associated hypotensive shock. In contrast, horses 
with painful, but chronic lameness, had plasma concentrations of beta- 
endorphin similar to those of normal horses. The pathway via which a 
nose-twitch can be used to restrain horses is thought to involve pain and the 
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subsequent generation of beta-endorphin (Lagerweij et al., 1984; Webster, 
1995). Plasma beta-endorphin has been described as a useful indicator of stress 
in the horse (Taylor, 1987), however its role in the amelioration of pain 
remains equivocal. 

According to Dodman's model (Dodman and Shuster 1994, figure 5.4), at the 

same time as indicating a stress response, beta-endorphins may generate more 
beta-endorphins by initiating stereotypies. Dodman et al. (1987) state that crib- 
biting in horses may involve the activation of both opioid receptors and 
dopamine receptors in the CNS. This model fails to acknowledge the effect of 
palatable foods which was earlier discussed by the same author (Dodman et 
al., 1987). It also fails to acknowledge areas of good evidence and areas of 
contradictory evidence. Levels of beta-endorphins in stereotypic horses have 
been reported as being half those of normal horses (Gillham et al., 1994). 
However, the role of food, regardless of its palatability, in equine endorphin 
metabolism has not been investigated. 

In conclusion, while there is so much controversial evidence from other 
species, it is difficult to be certain of the value of beta-endorphin as an 
indicator of a stress response in the horse. However, its possible 
involvement in reinforcement and rising levels in palatable food are 
additional factors which have prompted the sampling of equine plasma for 
beta-endorphins in the following study. 
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5.5: Experiment Thirteen: Physiological and behavioural consequences of 
depriving horses of the opportunity to crib-bite. 

Introduction. 

There is room for considerable caution when applying physiological data to 

an assessment of animal welfare (Duncan, 1985; Dawkins, 1980; Hill, 1983; 

Dantzer and Raab, 1985). The suggested roles of beta-endorphins and cortisol 
in stereotypic behaviour and stress are discussed in sections 5.3 and 5.4. 

The debate surrounding stereotypies usually revolves around their possible 
function as de-arousing or stress-coping mechanisms. It has been suggested 
that the adaptive significance of stereotypies may lie in their potential to 

attenuate the deleterious physiological consequences of stressors (Dantzer, 

1991). If stereotypies help an animal to adapt to stress, their prevention may 
increase stress. However, since the prevention of a number of behaviours 

can be associated with rises in stress responses, it is necessary to separate this 
"general deprivation" effect from the extra rise in stress parameters that is 

associated with removal of a stress-coping mechanism. 

There is a need for data on the effect of stereotypy prevention in horses: for 

example, the cortisol response could be used as an index of stress. Because of 
suggestions that physiological parameters may vary in horses that behave 
differently (Gillham et al., 1994), there is also a need for data on baseline 
levels of cortisol in stereotypic and normal horses. 

The discovery of significantly lower levels of beta-endorphin in crib-biters 
compared to normal horses (Gillham et al., 1994) led to the suggestion that 
either plasma levels are not a useful reflection of critical central levels of 
endorphin or that stereotyping is an exaggerated response to the central 
release of beta-endorphin (Gillham et al., 1994). The potentiating effect of 
palatable food on morphine activity (Roane and Martin, 1990; Kanarek et al., 
1991) is interesting because, even if stereotypers are hypersensitive to beta- 
endorphins, one would expect the absence of food, regardless of its 
palatability, to be associated with a fall in circulating levels of beta-endorphin. 
Because opioid antagonists have transiently suppressed crib-biting in horses 
(Dodman et al., 1987), one might predict that prevention of crib-biting would 
be associated with low plasma levels of beta-endorphin. 
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Non-nutritive sucking behaviour has been shown to contribute to post- 
prandial hormonal changes in calves, indicating that this behaviour may 
have a function in influencing digestion and satiety (de Passille et al., 1992). I 

examined oro-caecal transit time as an indicator of the gut physiology, because 
it was felt that this system was most likely to show functional changes if the 
horse is repeatedly performing abnormal oral behaviours. This technique is 
described in humans (Staniforth et al., 1987), dogs, cats (Papassouliotis, 1994) 

and calves (Lalles, 1992) and I adapted it for equine use in this study. During 

periods of deprivation, the subjects' behaviour and heart-rate were also 
recorded. 

The aim of the current study was to determine what physiological responses 
occur when a horse is subjected to short-term deprivation of crib-biting. This 
was related to the effects of food withdrawal to provide an index of the 
functional importance of the stereotypy. 
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Materials and methods. 

Animals and their accommodation 

Six crib-biting and six normal thoroughbred geldings were hired from 

members of the public. They were tested in three groups. The members of 

each group were mixed with each other in a paddock for five days prior to the 

start of the treatments. For the next two days, the four horses in each replicate 

were housed in the same loose-boxes that had been used in section 5: 4 (Tubby 

Boxes, Lillingstone Lovell, Buckingham). These commercial boxes had been 

modified with Perspex sheeting which prevented horses seizing any 
projections upon which to crib-bite, but allowed neighbouring horses to see 
one another and the observer to monitor the horses' behaviour during the 
test. Each loose-box had a sliding door which was similarly constructed from 
bars and wood and was covered in the same way to eliminate any horizontal 

projections. 

Two purpose-built removable "cribbing bars", made from planks of wood 
(65cm x 15cm x 4cm) and housed in cast iron brackets, were bolted to the wall 
on either side of the hay net in each box (figure 5.5. a). The horses were 
assigned to one of four loose-boxes in a random order. Hay was fed ad 
libitum from a haynet suspended between the two cribbing bars. No 

concentrated food was given. Water was available at all times from an 
automatic waterer which was fixed close to the ground to avoid this being 
used as a crib-biting substrate. The boxes were bedded with shavings and were 
mucked out every morning while the horses spent their hour of daily 'turn- 

out time' in a paddock. 
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Experimental procedure 

The horses were randomly deprived of different resources after two days of 

acclimatisation to the stable and to the wearing of heart rate monitors (Polar 

Sport Tester PE3000, Bodycare Products Ltd, Kenilworth, Warwickshire) 

which were attached to jute rollers (figure 5.5. b). On the first and fifth days of 

the eight day trial, 2.1mm x 13.3mm catheters (Angiocath, Becton Dickinson, 

Sandy, Utah) were inserted through a 1ml subcutaneous bleb of local 

anaesthetic. Each horse was randomly assigned his first treatment (table 5.7) 

and then received three others, each for two consecutive days. The horses 

were deprived, for six hours per day, of the opportunity to (i) crib-bite (CB) (ii) 

eat hay (H) and (iii) crib-bite and eat hay (CB/H). Additionally, each horse 

acted as its own control by being deprived of none of these resources (N). On 

the second day of each treatment, having been brought in from the paddock, 
the horses were fitted with heart-rate receivers which recorded the heart rate 

every 15 seconds. 

On the second day of each treatment, blood samples for cortisol, beta- 

endorphin and sulphapyridine assays were taken when the horses returned 
to their stables and every hour for the next six hours. Behaviour was 

recorded for fifty minutes, between each blood-sampling session. After six 
hours of testing the resources were returned to the loose-boxes and the rollers 

were removed. Intravenous jugular catheters were removed at this stage on 
the third and eighth days. 

Plasma beta-endorphin assays were performed by a commercial laboratory 

using RIA kits (Sigma Immunochemicals, St Louis, Missouri), (Rodway et al., 
1993). The normal range for beta-endorphin in Thoroughbreds is 48.62 ± 5.02 

pmol/L (before exercise) to 98.0 ± 30.8 pmol/L (after exercise) (Luna, 1993). 

The cortisol assay was performed by a commercial laboratory using RIA kits 
(Sigma Immunochemicals, St Louis, Missouri), (Jaffe and Berhman, 1974; 
Reimers et al., 1981). The normal range for cortisol in Thoroughbreds is 201 ± 
73 nmol/L (before exercise) to 301 ± 125 nmol/L (after exercise) (Blackmore 
and Brobst, 1981). Cortisol follows a diurnal rhythm in the horse (Evans et 
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al., 1977; Larsson et al., 1979), therefore means of cortisol over a 6-hour period 

were taken for each treatment. 
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Determination of oro-caecal transit times 

The horses were given a paste of 26 grammes of sulphasalazine (Salazopyrin, 
Kabi Pharmacia Ltd, Milton Keynes, Bucks) milled with 30.5 grammes of mint 
sweet (Polo, Nestle Rowntree, York) by mouth and the first blood samples 
(7mls in oxalate fluoride) were withdrawn every hour via indwelling jugular 

catheters. 

Sulphapyridine, the breakdown product of sulphasalazine when cleaved 
from salicylic acid by caecal microflora, was detected by HPLC as described in 

chapter 4: 3. 
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Scan sampling of each horse's behaviour was performed every minute for the 
fifty minutes between each episode of blood-sampling. This gave a total of 
300 samples for each horse undergoing each treatment. The following 
behaviours were recorded: 
Cribbing 
Eating (chewing hay or pulling hay from the hay-net) 
Drinking (head in watering device or standing beside device with water 
dribbling from mouth) 
Rubbing (rhythmic scratching of body against structure of loose-box) 
Resting (lying or relaxed standing posture with ears to the side) 
Looking-out (alert posture with ears forward). 

Pacing (any locomotion) 
Defaecating 
Urinating. 

Results 

Beta-endorphin (Table 5.8. a. ) 

A blocked catheter caused a loss of data for one crib-biter during treatment CB. 
Ten samples were contaminated during assaying and were discarded from the 
data-set. 

The mean baseline levels of plasma beta-endorphin, i. e. blood samples taken 
at the beginning of each day, were not significantly higher in the stereotypic 
(325.98 ± 33.74 pg/ml) than in the normal horses (326.46 ± 5.86 pg/ml) 
(p=0.9892, table 5.8. b. ). However, the mean response levels of plasma beta- 
endorphin were significantly higher in the stereotypic (281.39 ± 21.38 pg/ml) 
than in the normal horses (212.23 ± 3.29 pg/ml) (p=0.0187, table 5.8. c. ). 

Paired t-tests comparing baselines to mean responses for all treatments 
showed no significant differences for the six crib-biters (p=0.0789; table 5.8. d) 
or for the six normal horses (p=O. 0585; table 5.8. e, figure 5.6). 

When each treatment was analysed individually, a significant fall (p<0.05, 
table 5.8. e. ) in plasma beta-endorphin relative to baseline levels occurred 
during treatment CB/H in normal horses. In stereotypic horses, although it 
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caused a non-significant fall relative to baseline levels, this deprivation was 

associated with the highest mean plasma beta-endorphin response (345.15 t 

163.47 pg/ml). 

For all horses, two-factor repeated measures ANOVA showed a significant 
fall in beta-endorphin levels through each day's series of samples but no 
differences related to the order of testing that was coded "first' to 
"fourth"(table 5.81). 

Two-factor repeated measures ANOVA that compared the beta-endorphin 

responses of crib-biters and normal horses during each of the four treatments 

showed no significant differences (tables 5.8. g. - 5.8. j). 

When paired mean responses for individual horses during treatments CB, 
CB/H and H were compared with those from treatment N by paired t-tests, 
the only significant difference was found in normal horses which showed a 
fall in beta-endorphin during treatment CB relative to treatment N (tables 
5.8. k. and 5.8.1). 
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Cortisol levels (Table 5.9. a. ) 

The mean baseline levels of plasma cortisol, i. e. blood samples taken at the 
beginning of each day were significantly higher (p<0.01, table 5.9. b) in the 

stereotypic animals (142.42 ± 13.78 nmol/L) than in the normal horses (96.30 ± 

15.58 nmol/L). The mean plasma cortisol responses for all treatments were 

significantly higher (p<0.05, table 5.9. c) in the stereotypic animals (190.89 t 

22.78 nmol/L) than in the normal horses (112.31 ± 6.56 nmol/L). 

Paired t-tests comparing baselines to mean responses for all treatments 

showed a significant difference for the six crib-biters (p=0.0214; table 5.9. d) but 

not for the six normal horses (p=0.5316; table 5.9. e, figure 5.7). 

When each treatment was analysed individually, rises in plasma cortisol 
relative to the baseline during CB/H were significant in both stereotypic 
(p<0.05, table 5.9. d) and normal horses (p<0.01, table 5.9. e). This treatment in 

stereotypic horses was associated with the highest mean cortisol response 
(253.00 ± 27.16 nmol/L). 

For all horses, two-factor repeated measure ANOVA showed no significant 
change in cortisol levels through each day's series of samples but a significant 
fall related to the advancing order of testing (table 5.9. f). 

Two-factor repeated measure ANOVA that compared the cortisol responses 
of crib-biters and normal horses during each of the four treatments showed 
significant differences (p<0.05) during CB/H, N and H but not CB (tables 5.9. g. 

- 5.9. j. ). 

When paired mean responses for individual horses during treatments CB, 
CB/H and H were compared with those from treatment N by paired t-tests, no 
significant differences were identified. However, in crib-biters there was a 
trend towards higher levels in treatment CB/H than in treatment N (d. f. = 5, 
paired t value = 2.338, p=0.0665; table 5.90. k. and table 5.9.1. ). 
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Due to girth bands being too loosely-fitted, poor transmission of heart rates to 

monitors caused a loss of data on three of the 48 trials. Mean heart rates for 

all treatments for crib-biters and normal horses were 33.19 ± 0.90 and 35.31 t 
0.90 respectively. 

A two factor repeated measures ANOVA showed no significant overall 
differences in mean hourly heart rate between crib-biters and normal horses 

(table 5.10. b). Similarly, a two factor repeated measures ANOVA showed no 
significant differences in mean hourly heart rate between the four treatments 
(table 5.10. c). 

For all horses, two-factor repeated measure ANOVA showed a significant fall 
(p<0.001) in heart rates through each day's series of samples but no significant 
change related to the advancing order of testing (table 5.10. d). 

Because of this fall, and because one would not necessarily expect a cardiac 
reponse to an acute stressor to be sustained, heart rates for the first hour were 
compared for horses of different behavioural status over the four treatments. 
This analysis showed a trend towards lower heart rates in stereotypic animals 
(p=0.0826, table 5.10. e). 

Oro-caecal transit time 

Times to the first appearance of salazopyrine ranged from 120 to 300 mins. In 
treatment N (table 5.11. a), stereotypic horses had a mean oro-caecal transit 
time of 190 mins ± 36.06 which was not significantly different (Mann- 
Whitney p=0.7488) from that of normal horses (170 mins ± 24.08). In 
treatment CB (table 5.11. b), stereotypic horses had an mean oro-caecal transit 
time of 180 mins ± 37.95 which was not significantly different (Mann- 
Whitney p=0.6481) from that of normal horses (150 mins ± 20.49). In 
treatment H (table 5.11. c), stereotypic horses had an mean oro-caecal transit 
time of 190 mins t 28.64 which was apparently the same as that of normal 
horses (190 mins t 28.64). However, in treatment CB/H (table 5.11. d), 
stereotypic horses had an mean oro-caecal transit time of 220 mins ± 20.00 
which was significantly different (Mann-Whitney p=0.0306) from that of 
normal horses (150 ± 13.42). 
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When the effect of the four treatments was compared within the groups of six 
normal and crib-biting horses, no significant differences were detected 
between individuals (Friedman test, d. f. =3, p=0.4040 and p=0.6049, 
respectively). The mean bioavailabilities of sulphapyridine during the four 

treatments are shown in figures 5.8 - 5.11 while latencies for ratio of 
sulphapyridine: internal standard to reach 0.5 are shown in tables 5.11. a - 
5.11. d. 
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Behaviour (Table 5.12. a) 

ANOVA was conducted on untransformed data for crib-biting, eating and 
resting and looking-out, while other behaviours (that included more zero 
scores) were analysed after square-root transformation. Time budgets during 
the four treatments are shown in figures 5.12 - 5.15. 

A three factor repeated measures ANOVA, used to examine the effects of the 
four treatments in horses with either stereotypic or normal behaviour (status) 

over six hours of sampling (repeated measure), showed no significant 
differences between crib-biters and normal horses in drinking, rubbing, 
resting, looking-out, pacing, defaecating and urinating. Cribbing only 
occurred in the stereotypic animals. 

When the same analysis was performed for eating during treatments CB and 
N, there was no significant difference between treatments. However, a 
significant difference was found between horses of different behavioural 

status in treatment CB during which crib-biters spent 42.08 ± 2.01 per cent and 
normal horses 30.09 ± 8.38 per cent of their time eating (table 5.12. a. column 9, 
rows 2 and 5, one factor ANOVA, F=11, d. f. between groups=1, d. f. subjects 
with groups=10, p=0.0079). 

For all horses, three-factor repeated measures ANOVA showed a significant 
fall in the percentage time spent eating through each day's series of samples 
(table 5.12. b). 

Relationship between stereotypy and endocrinological activity 

The mean hourly rates of crib-biting did not correlate with mean plasma 
levels of beta-endorphin when crib-biters were given hay (figure 5.16, 
Spearman Rank Correlation Coefficient Z=-0.703, p=0.4822). However, when 
crib-biters were deprived of hay, there was a trend towards crib-biting being 
negatively correlated with plasma beta-endorphin levels (figure 5.17, 
Spearman Rank Correlation Coefficient Z=-1.853, p=0.0639). 

The mean hourly rates of crib-biting did not correlate with mean plasma 
levels of cortisol when crib-biters were either given, or deprived of, hay 
(figures 5.16. and 5.17, Spearman Rank Correlation Coefficient Z=0.447, 
p=0.6547 and Z=-0.831, p=0.4062, respectively). 
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Discussion 

Beta-endorphin 

Baseline differences 

There were no significant differences between the baseline levels of beta- 

endorphins in crib-biters and in normal horses. Baseline levels reflect what 
the horses have responded to during their hour in the paddock prior to 

catching or the effect of their being caught. Social, agonistic and kinetic 
behaviours are more easily expressed in the paddock than in the stable. 
Eating and crib-biting also occur in the paddock where the food source is grass, 
which is more palatable than the hay available in the stable. Therefore, since 
more palatable foods are thought to be associated with rises in plasma beta- 

endorphin levels, the first samples of the day may include a response to 

eating grass. If eating grass alone is sufficient to cause a bout of crib-biting, 
then one would expect to observe more stereotypy in crib-biters when they are 
at pasture than when they are stabled and fed hay. This is not the case and 
therefore there must be other factors involved in the intitiation of a bout of 
crib-biting. 
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Beta-endorphin responses to treatment 

There was considerable variation in the responses of the twelve horses to the 
four treatments and the greatest deviations from the mean in each group 

were found in crib-biters. While the role of endorphins in the stereotypies of 

other species is thought to change with time (Cronin et al., 1985; Kennes et al., 
1988), it is not clear whether this phenomenon may have introduced some of 

the variability in our data from horses of various ages. Although we have no 
data on the exact time of onset of the crib-biting stereotypy in the 

thoroughbreds sampled, all of the subjects were mature and had had the 

stereotypy for a minimum of twelve months. 

However, there has been no work to assess age-related changes in equine 

stereotypies, e. g. the differing effects of haloperidol and naloxone with age in 

horses as there has been for voles (Kennes et al., 1988). Marsden (pers. 

comm., 1993) suggests that this is due to the dangers of using haloperidol in 

horses, which include hyperactivity, ataxis and collapse. 

Beta-endorphin levels were significantly higher in crib-biters than in normal 
horses when responding to treatments. This challenges the previous reports 
of low levels of beta-endorphins in the plasma of crib-biters and humans 

exhibiting OCD (Giliham et al., 1994; Weizman et al., 1990). 

Beta-endorphin levels did not follow the same trend relative to baselines as 
fluctuations in cortisol, e. g. they fell in most treatments while cortisol levels 

rose. This finding lends weight to the suggestion that cortisol and 
endorphins are not released together (Jephcott et al., 1987). Furthermore, 
these findings seem to support the suggestion, by Weizman et al. (1990), that 
elevated cortisol levels may exert a negative feedback effect on beta- 

endorphin release. 

Since equine beta-endorphin levels have been shown to rise in response to 
stress (McCarthy et al:, 1993), one would predict rises during all deprivation 
treatments. Normal horses interact with food more than with the cribbing 
bar and therefore, if any rise was detected one would expect it to be associated 
with removal of hay rather than a redundant wooden bar. This did not 
occur. The observation that, compared to treatment N, beta-endorphins fell 
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significantly in normal horses that were deprived of a cribbing-bar suggests 
that this parameter is not a reliable indicator of stress. 

It may be that stimuli examined in previous equine studies (Taylor, 1987; 
McCarthy et al., 1993) were more severe and unfamiliar than those in the 

current study. Indeed, from our surveys (chapter two) prevention attempts 
using cribbing collars and limited-forage feeding regimes are common. This 

would suggest that the subjects may have had experience of the experimental 

restrictions and may have adapted to the aversive stimuli. This would 
explain the lack of significant rise in animals exposed to an apparent stressor 
in a similar way to chronically lame horses that are reported to have beta- 

endorphin levels within the normal range (McCarthy et al. 1993). 

Palatable rations cause elevation of the pain threshold and increases in 

morphine potency in rats (Roane and Martin, 1990; Kanarek et al., 1991). In 

crib-biting horses, Gillham et al. (1994) propose that this effect of palatable 
rations activates dopamine pathways thereby enhancing stereotypy 
(Goodman et al., 1983). The plasma level of beta-endorphin fell significantly 
relative to baseline in normal horses during treatment CB/H. A similar non- 
significant trend occurred in these horses during treatment H. This fall may 
reflect the absence of food-related oral feedback but it is difficult to explain 
why treatment H had a less significant effect. These are further examples of 
the way in which beta-endorphin levels in the current study seem less 
consistent as indicators of a stress response than cortisol levels. 

When levels of beta-endorphin are compared during treatments N and H, no 
significant differences exist for either crib-biters or normal horses. This seems 
to challenge the link between food and endorphin release. If only foods more 
palatable than hay elicit the release of beta-endorphins and cribbing is 
dependent on beta-endorphin levels, cribbing would be unlikely on the ration 
used in these experiments. This was not the case. The current study shows 
that the relationship between palatable foods, circulating beta-endorphin 
levels, and crib-biting is not as simple has been suggested (figures 5.16 and 
5.17). In horses deprived of hay, the rate of crib-biting seemed to be negatively 
correlated with circulating levels of plasma beta-endorphin. It is not possible 
to say whether there is a cause and effect relationship between the behaviour 
and the levels of opioids. The role of the physical nature of foodstuffs, 
precedent periods of starvation and other causes of peri-prandial stress have 
to be addressed in future models of this behaviour. 
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There were no significant differences between levels of beta-endorphin in 
crib-biters when they were able to crib-bite and levels when they were unable 
to crib-bite. Furthermore, in the absence of hay, there was a trend towards a 
negative correlation between the rate of crib-biting and circulating levels of 
beta-endorphin. This challenges the existence of a direct relationship between 

crib-biting and the generation of beta-endorphins. It would seem that beta- 

endorphins may contribute to an endocrinological cascade rather than having 

a singular pivotal role in the reinforcement of crib-biting. 
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Temporal changes in beta-endorphin 

Other workers (Fordham et al., 1989) found significant changes in the levels 

of beta-endorphin and cortisol between morning and afternoon. Interestingly, 
these significant changes were in opposite directions. 

The current results suggest that, in horses, beta-endorphin levels do not adapt 
over a number of days of testing but may fall in the afternoon or with later 

assays in serial sampling. 
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Cortisol 

Baseline differences 

The mean baseline levels of plasma cortisol were significantly higher in crib- 
biters than in normal horses. Although it suggests that crib-biters are 

genetically more stress-susceptible, this difference may be associated with 

physiological adaptation at the time when the stereotypy is developing. 

Exogenous corticosterone administered in the long-term is associated with 
immune-suppression, catabolism and a predisposition to laminitis. Other 

causes of raised plasma cortisol, e. g. Cushing's Syndrome, are usually 

associated with gross changes in the long-term. It seems unlikely that crib- 
biters do not develop clinical signs because they have somehow adapted to 

endogenous increases in cortisol activity. Therefore, the fact that both normal 

and stereotypic horses in the current study have cortisol levels within the 

normal range may account for the absence of any clinical signs of disease. 

Subtle deleterious effects on performance may be a consequence of crib-biting 
that has yet to be recognised. 

Cortisol responses to treatment 

Removal of the cribbing bar was not associated with a rise in plasma cortisol 
in normal or in stereotypic horses. However, this treatment made the crib- 
biters eat more than normal horses. It is possible that this treatment did not 
elicit a stress response in stereotypic horses because they were able to eat and 
therefore were able to meet their needs for oral stimulation The treatment 
which imposed the greatest restrictions on the stereotypic horses, i. e. CB/H, 

was associated with the highest mean cortisol response. Intriguingly, a 
similar peak response was noted for normal horses during this restriction. 
The removal of the cribbing bar would appear to be of no consequence to a 
horse that did not interact with it. However, it may be that removal of food 
and stable furniture may combine to cause more stress in any horse. 

In normal horses, hay removal was associated with a cortisol response that 
was lower than the baseline level for those days of treatment. It is interesting 
to compare these results with those from calves, having been deprived of 
food for 18 hours, that only showed a significant cortisol response when food 
was presented (Kent and Ewbank, 1986). It may be that six hours without food 
does not cause stress in animals that are used to being fed intermittently. 
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Temporal changes in cortisol 

In contrast to beta-endorphin activity, it seems that during six hours of serial 
sampling within a day, cortisol levels do not show a trend but, over a period 
of days, tend to adapt to testing. 
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Oro-caecal transit time 

Oro-caecal transit time was remarkably consistent between most of the twelve 

subjects, except during CB/H when it was associated with a later time of first 

appearance in the stereotypic horses. This implies a relative stasis in the 

motility of crib-biters' foregut which occurs when they are unable to crib-bite 
and unable to eat. The trend towards high beta-endorphin levels in these 
horses during this treatment may be related to this finding because it has been 

suggested that beta-endorphins may have an effect on intestinal motility 
(Kamerling et al., 1990). 

The identification of a relative stasis in the motility of crib-biters' foreguts 

that occurs when they are unable to crib-bite and unable to eat may be a key to 
understanding the role of beta-endorphins in crib-biters. The trend towards 
high beta-endorphins levels in crib-biters during this treatment may be 

related to the fact that beta-endorphins have an effect on intestinal motility. 

Previous data that identified shorter transit times in crib-biters (Experiment 

nine) may have emerged because the subjects were being fed a concentrated 
diet twice daily. It is possible that this feeding regime interacted with the oral 
stereotypy to enhance foregut motility. In hay-fed crib-biters, deprivation of 
forage and the opportunity to crib-bite were related to longer transit times. 
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Behaviour 

Kastelein and Wiepkema (1988) noted that in sealions stereotypies like 

circular swimming were significantly reduced in periods when the animals 
received attention from their keepers. This is at odds with the anecdotal 
evidence from horse-owners (Appendix i) which indicates that the presence 
of a human is likely to precipitate a bout of locomotory stereotypy. The way 
in which the presence of operators affected the performance of stereotypy 
during this experiment cannot be assessed. However, the presence of 
humans was a constant factor throughout the study. The random selection of 
treatments was intended to reduce the effect of a sequential habituation or 
aversion to treatments or operators. 

The only behaviour to show significant changes in the four treatments was 
eating, which increased in crib-biters relative to normal horses during 
treatment CB. The increase in ingestive behaviour may be associated with 
more frequent activation of the gastro-colic reflex than would otherwise be 
the case. As a result, gut motility may be restored to levels seen when crib- 
biting is allowed. This may help to explain why significant changes in 
physiological parameters were not detected during this treatment. 

Heart rate 

Over the six hour period of each treatment, the heart rate responses showed 
no significant differences between groups. This may reflect the fact that the 
horses were at rest and that the endocrine responses were insufficient to effect 
a measurable increase in cardiac activity. Furthermore, a rise in H. P. A. 
activity, in response to deprivation of crib-biting, may not bring about a rise in 
heart rate in animals that have adapted to higher resting levels of excitatory 
hormones. 

However, when the first hour of testing was analysed, there was an overall 
trend towards lower heart rates in crib-biters than in normal horses. Workers 
examining the functional significance of locomotory stereotypier in mink 
have found lower resting heart rates in animals with high rates of stereotypic 
activity (Mason, pers. comm. ). The relationship between heart rate and 
stereotypy performance in tethered sows seems to depend on the age of the 
stereotypy and the activity levels it involves (Schouten and Wiepkema, 1991; 
Schouten et al., 1991). The musculoskeletal effort required for locomotory 
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behaviour may fitten the subjects and therefore it is not possible to link 
bradycardia in these animals to stress reduction. Although crib-biting is more 
sedentary than a locomotory stereotypy such as box-walking, it does involve 

muscular effort and therefore provides cardiovascular exercise. This may 
account for slight differences in heart rate found in the current study. 

It has been suggested that, in the same way that increased sucking motivation 
(shown by non-nutritive sucking in calves) occurs after milk flow (Rushen 

and de Passille, 1995), positive feedback may underlie many feeding and 
drinking stereotypies (Hughes and Duncan, 1988; Rushen et al., 1993). This 

may explain the effect on oro-caecal activity and trends towards an elevated 
stress response that food deprivation can have in combination with 
prevention of an oral stereotypy. Both crib-biting and feeding may function 

to supplement oral feedback and withdrawal of both is sufficient to cause a 
stress response in stereotypers which seem to be particularly sensitive 
individuals. 
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5.6: Conclusions. 

From the current studies, one can conclude that: 

(i) Crib-biting shows a post-inhibitory rebound suggesting that an internal 

motivation to crib-bite rises during periods of deprivation. 

(ii) Thwarted motivation may be associated with attempts to prevent crib- 
biting. 

(iii) Crib-biters deprived of the opportunity to stereotype eat more than 

normal horses, suggesting that they have greater oral needs. 

(iv) Plasma cortisol levels in crib-biters are higher than normal horses under 
a variety of treatments. 

(vi) Crib-biting did not affect plasma levels of beta-endorphins and previous 
reports of plasma levels of beta-endorphin in crib-biters being half those of 
normal horses should be questioned. 

(vii) Significant rises in plasma cortisol that occur, relative to baseline levels, 
in crib-biters deprived of food and crib-biting imply that the two activities 
combine to facilitate homeostasis in stereotypic animals. 

(viii) The significant reduction in oro-caecal motility that occurs in crib-biters 
deprived of food and crib-biting suggests that normal gut function in these 

animals depends on their being given ad libitum access to food and to suitable 

crib-biting substrates. 
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Table 5.1: Experimental plan of experiment twelve. 

Habituatio Baseline Test Post-test 

Days -1 & -2 1 2 3,4&5 

Video Collar Video Collar Video Collar Video Collar 

Control 
horses (n=8 

- - + - + - + - 

Test horses 
(n=8) 

- - + - + + + - 

Table 5.2: Mean hourly rates of crib-biting in test horses over five days. 

Horse Third of 

recording 

day 

Day 1 

Baseline 

Test 

Day 3 

Test 

Day 4 

Test 

Day 5 

Means of 

days 3-5 

Test 1 First 2.87 16.71 8.71 10.71 12.05 

Second 6.25 7.88 10.88 8.00 8.92 

Third 6.12 6.38 7.13 5.50 6.33 

Test 2 First 31.14 43.00 17.29 18.29 26.19 

Second 27.75 25.63 14.13 22.75 20.83 

Third 15.25 19.38 15.13 10.38 14.96 

Test 3 First 9.43 8.29 9.43 13.43 10.38 

Second 10.25 11.88 10.75 10.75 11.13 

Third 3.63 7.38 3.00 3.75 4.70 

Test 4 First 5.85 1.71 4.43 4.29 3.48 

Second 13.13 9.75 6.00 10.25 8.67 

Third 9.50 11.63 7.88 11.13 10.21 

Test 5 First 11.29 38.57 27.86 19.14 28.52 

Second 28.25 23.50 32.13 19.25 24.96 

Third 19.50 34.25 23.13 20.38 25.92 

Test 6 First 17.14 38.57 43.00 40.71 40.76 

Second 23.50 27.38 42.75 45.00 37.71 

Third 23.25 32.38 56.88 33.50 40.92 

228 



Table 5.3: Mean hourly rates of crib-biting in control horses over 
Horse Third of 

recording 

day 

Day 1 

Baseline 

Test 

Day 3 

Test 

Day 4 

Test 

Day 5 

Means of 

days 3-5 

Control1 First 1.14 7.71 3.86 15.29 8.95 

Second 23.50 14.50 18.38 13.88 18.33 

Third 23.25 16.75 11.88 14.17 14.17 

Control 2 First 37.14 18.43 35.00 13.43 21.81 

Second 19.25 4.75 6.00 11.00 7.38 

Third 15.75 18.75 7.63 11.50 12.63 

Control 3 First 1.86 2.57 4.00 4.00 3.52 

Second 2.25 4.88 3.00 3.63 3.83 

Third 0.88 4.88 2.50 3.38 3.58 

Control 4 First 4.00 16.86 9.14 13.57 13.19 

Second 10.13 11.00 12.50 16.75 13.42 

Third 11.00 10.88 5.13 10.75 8.92 

Control s First 10.86 7.29 10.43 15.00 10.91 

Second 10.13 7.38 10.00 13.63 10.33 

Third 6.38 3.88 4.75 5.25 4.63 

Control 6 First 4.29 8.86 11.86 26.14 15.62 

Second 7.88 7.13 12.88 16.25 12.08 

Third 4.00 3.00 2.50 5.38 3.63 

days. 
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Table 5.4. a: MANOVA of means of crib-biting rate on days 3-5 by 
treatment, third of recording day and rate on day 1. Tests of 
significance for means on days 3-5 using unique sums of squares: 

Source of d. f: Sum of Mean F-test: P value: 
variation: squares: square: 

Within cell. 29 1755.09 60.52 

Regression 1 1269.19 1269.19 20.97 0.000 

Treatment 1 155.69 155.69 2.57 0.120 

Third of the 2 79.08 39.54 0.65 0.528 
recording da 
Treatment x 2 27.82 13.91 0.23 0.796 
Third of the 

recording da 

Table 5.4. b: MANOVA of crib-biting rate on day 3 by treatment, third 
of recording day and rate on day 1. Tests of significance for means on 
day 3 using unique sums of squares: 

Source of d. f: Sum of Mean F-test: P value: 
variation: squares: square: 

Within cell, 29 1734.51 59.81 

Regression 1 1483.40 1483.40 24.80 0.000 

Treatment 1 349.59 349.59 5.84 0.022 

Third of the 2 247.01 123.50 2.06 0.145 
recording da 
Treatment x 2 128.06 64.30 1.07 0.356 
Third of the 
recording da 
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Table 5.4. c: MANOVA of crib-biting rate on day 4 by treatment, third of 
recording day and rate on day 1. Tests of significance for means on day 
4 using unique sums of squares. 

Source of d. f: Sum of Mean F-test: P value: 
variation: squares: square: 

Within cell. 29 2976.68 102.64 

Regression 1 2019.25 2019.25 19.67 0.000 

Treatment 1 159.05 159.05 1.55 0.223 

Third of the 2 50.79 25.39 0.25 0.782 
recording da 
Treatment x 2 78.34 39.17 0.38 0.686 
Third of the 
recording da 

Table 5.4. d: MANOVA of crib-biting rate on day 5 by treatment, third 
of recording day and rate on day 1. Tests of significance for means on 
day 5 using unique sums of squares. 

Source of d. f: Sum of Mean F-test: P value: 
variation: squares: square: 

Within cell, 29 2215.51 76.40 

Regression 1 595.39 595.39 7.79 0.000 

Treatment 1 52.25 52.25 0.68 0.415 

Third of the 2 116.67 58.33 0.76 0.475 
recording da 
Treatment x 2 3.47 1.74 0.02 0.978 
Third of the 
recording da 
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Table 5.5: Mean hourly rates of eating in test and control horses over 
days 1&3. 

Test horses Control horses 

Horse Third of 

recording da 

Day 1 Day 3 Day 1 Day 3 

One First 10.75 7.63 14.13 15.00 

Second 13.50 11.13 18.63 18.38 

Third 10.38 8.50 9.63 2.63 

Two First 16.38 19.13 8.38 10.75 

Second 10.75 18.25 9.75 12.25 

Third 11.43 12.88 6.50 7.25 

Three First 16.00 13.75 24.13 13.75 

Second 18.25 14.63 21.00 16.75 

Third 11.88 11.00 9.63 9.50 

Four First 11.63 16.75 11.88 16.63 

Second 19.50 11.50 15.13 21.25 

Third 7.50 11.88 9.13 14.13 

Five First 17.00 22.00 13.00 11.38 

Second 32.00 14.13 15.75 14.00 

Third 12.50 8.00 5.38 6.63 

Six First 17.38 17.88 10.75 11.25 

Second 23.37 15.63 11.50 11.50 

Third 11.00 17.13 1 1 9.88 13.63 
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Table 5.6: MANOVA of eating rate on day 3 by treatment, third of 
recording day and day 1. Tests of significance for eating rate on day 3 

using unique sums of squares: 

Source of d. f: Sum of Mean F-test: P value: 
variation: squares: square: 

Within cells 29 389.77 13.44 

Regression 1 22.76 22.76 1.69 0.203 

Treatment 1 6.44 6.44 0.48 0.494 

Third of the 2 62.13 31.06 2.31 0.117 
recording 

day 
Treatment x 2 45.68 22.84 1.70 0.200 
Third of the 

recording 
day 
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Table 5.7: Experimental plan of experiment thirteen after horses had 
been mixed in paddock for five days: 

Habituation Trial Trial Trial Trial 

Davs: -2&-1 1&2 3&4 5&6 7&8 

Horse Status Trt Test? Trt Test? Trt Test? Trt Test? Trt Test? 

Arnie Crib-biter N No H Yes CB/H Yes N Yes CB Yes 

Ted Crib-biter N No H Yes CB/H Yes N Yes CB Yes 

Sonny Crib-biter N No CB Yes N Yes H Yes CB/H Yes 

Murphy Crib-biter N No H Yes CB/H Yes N Yes CD Yes 

Popsy Crib-biter N No CB Yes N Yes H Yes CB/H Yes 
BJ Crib-biter N No N Yes CB/H Yes CB Yes H Yes 

Sam Normal N No H Yes CB Yes CB/H Yes N Yes 
George Normal N No H Yes CB Yes CB/H Yes N Yes 

Chas Normal N No N Yes CB/H Yes CB Yes H Yes 
jock Normal N No H Yes CB Yes CB /H Yes N Yes 

Charlie Normal N No CB Yes N Yes H Yes CB/H Yes 

Bay Normal N No N Yes CB/H Yes CB Yes H Yes 

Test? = were the subjects sampled? 
Trt=treatment, 
CB=Deprived of cribbing-bar, 
CB/H=Deprived of cribbing-bar & hay, 

H=Deprived of hay, 

N=Deprived of neither cribbing-bar nor hay. 
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Table 5.8. a: Mean plasma beta-endorphin levels (pg/ml; ± S. E. ) in 

normal and crib-biting horses during four treatments: 

Status Trt Mean Mean Mean Mean Mean Mean Mean Total 

baseline response response response response response response Mean 

level after after after after after after response 

1st 2nd 3rd 4th 5th 6th 

hour hour hour hour hour hour 

Crib-bite CB 371.00 372.00 264.80 278.40 198.40 157.25 303.25 265.55 

t 149.4 (± 152.92 (± 106.62 (± 132.59 (± 74.30 (± 63.05 (± 103.0, (± 102.95 

Crib-bite H 226.40 282.00 222.50 200.50 217.33 171.60 367.50 154.02 

(± 85.92 (± 118.69 (± 77.90) (± 79.27) (± 73.76 (± 76.49 (± 126.3( (± 92.14) 

Crib-bite CB/H 364.00 341.17 222.83 173.00 236.33 342.67 606.67 345.15 

t 143.8 f 178.34 (± 82.52 (± 93.94) (± 85.94 (± 181. (± 327.6. (± 163.47 

Crib-bite N 342.50 321.33 247.50 196.67 212.50 254.33 332.83 260.86 

(± 146.5 (± 135.54 (± 103.32 (± 72.22 (± 85.34 ± 107.1 ± 84.88 (± 95.40 

Crib-bite Mean 325.98 327.26 238.30 210.90 216.91 241.38 411.5 1 
1 

281.39 

t 33.74 t 69.15 (± 43.12 (± 44.26) (± 37.66 (± 62.05 ± 97.2 2 t 21.38 

Normal CB 312.67 177.67 201.17 215.00 187.33 201.00 244.67 204.47 
(± 78.48 (± 23.95 (± 44.85 ± 43.82 (± 35.68 (± 38.39) (± 54.06 (± 37.06) 

.. _ 
Normal H 340.00 340.17 215.17 208.33 153.20 205.33 183.40 209.39 

t 111.8 (± 11.84 (± 59.06, (± 37.48 t 31.79 (± 41.83 (± 28.48 t 35.87) 

Normal CB/H 322.17 184.50 200.83 172.33 185.17 208.00 344.17 215.83 

f 75.28 8 t 22.92) (± 36.74) (± 26.25) (± 33.86 t 35.41 (± 150.1 t 42.06 

Normal N 331.00 232.50 198.20 164.60 178.00 177.40 264.20 219.22 

(± 92.07 (± 32.94) (± 40.59 (± 28.46) (± 39.4 (± 39.49 (± 30.26 ± 32.86) 

Normal Mean 326.46 202.46 202.30 177.86 189.44 193.55 275.26 212.23 
15.86 118.16 118.67 (16.58) ±17.70 ±16.94 ±41.33 110% 
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Table 5.8. b: ANOVA table for a one factor Anova testing beta- 

endorphin baseline levels of crib-biters vs normal horses. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Between 1 0.47 0.47 2.006E-4 0.9892 

groups 
Within 6 14073.92 2345.65 

groups 
Total 7 14074.39 

Table 5.8. c: ANOVA table for a one factor Anova testing beta- 

endorphin response levels of crib-biters vs normal horses. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Between 1 9568.29 9568.29 10.22 0.0187 

groups 
Within 6 5616.94 936.16 
groups 
Total 7 15185.23 

Table 5.8. d: Paired t-test matching the means of all beta-endorphin 
responses (Y) with baselines (X) during all treatments in crib-biters : 

Treatment d. f. Mean X-Y: Paired t value Prob (2-tail): 
CB 5 105.45 1.49 0.2111 
H 5 31.13 2.05 0.1099 

CB/H 5 18.85 0.38 0.7222 
Nil 5 81.64 1.49 0.1962 
All 5 68.45 2.20 0.0789 

Table 5.8. e: Paired t-test matching the means of all beta-endorphin 
responses (Y) with baselines (X) during all treatments in normal 
horses: 

Treatment d. f. Mean X-Y: Paired t value Prob (2-tail): 
CB 5 108.19 2.02 0.0989 
H 5 130.78 1.51 0.1924 

CB/H 5 106.33 2.64 0.0461 
Nil 5 131.33 1.54 0.1996 
All 5 129.17 2.44 0.0585 

236 



Table 5.8. f: ANOVA table for a 2-factor repeated measures (six hourly 

samples) Anova testing beta-endorphin levels of crib-biters and 
normal horses by the day of the test. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Order of 3 713175.96 237725.32 1.45 0.2444 
test (A) 

Subjects w. 37 6071917.39 164105.88 
groups 

Repeated 5 614274.36 102379.06 12.89 0.0001 
measure 

(B) 
AB 15 208711.84 11595.10 1.46 0.1061 
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Table 5.8. g: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing beta-endorphin levels of crib-biters vs normal 
horses in treatment N. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Status(A) 1 61277.89 61277.89 0.313 0.5987 

Subjects w. 9 1763751.81 195972.42 
groups 

Repeated 5 115304.14 23060.83 5.271 0.0007 
measure 

(B) 
AB 5 0879.80 2175.96 0.497 0.7765 

Table 5.8. h: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing beta-endorphin levels of crib-biters vs normal 
horses in treatment CB. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Status(A) 1 33180.08 33180.08 0.375 0.5597 

Subjects w. 7 619373.92 88481.98 
groups 

Repeated 5 23374 4674.8 0.622 0.6836 
measure 

(B) 
AB 5 94322.42 18864.48 2.512 0.0481 
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Table 5.8. i: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing beta-endorphin levels of crib-biters vs normal 
horses in treatment CB/H. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Status(A) 1 3268.66 3268.66 0.021 0.8892 

Subjects w. 9 1432992.13 159221.35 
groups 

Repeated 5 165672.86 33134.57 2.766 0.0291 
measure 

(B) 
AB 5 8959.90 1791.98 0.15 0.9791 

Table 5.8. j: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing beta-endorphin levels of crib-biters vs normal 
horses in treatment H. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Status(A) 1 303.75 303.75 0.002 0.9633 

Subjects w. 8 1079556.07 134494.51 
groups 

Repeated 5 55464.88 11092.98 4.21 0.0036 
measure 

(B) 
AB 5 7254.35 1450.87 0.551 0.7369 
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Table 5.8. k: Paired t-test matching the means of all beta-endorphin 
responses to individual deprivation treatments (X) with treatment N 
(Y) in crib-biters. 

Treatment d. f. Mean X-Y: Paired t value Prob (2-tail): 
CB 4 -21.76 -0.768 0.4851 
H 5 -6.85 -0.682 0.5257 

CB/H 5 84.3 1.067 0.3349 

Table 5.8.1: Paired t-test matching the means of all beta-endorphin 
responses to individual deprivation treatments (X) with treatment N 
(Y) in normal horses. 

Treatment d. f. Mean X-Y: Paired t value Prob (2-tail): 
CB 5 -14.73 -2.994 0.0303 
H 5 -9.82 -1.314 0.2458 

CB/H 5 -3.38 -0.196 0.8526 
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Table 5.9. a: Mean cortisol levels (nmol/L; ± S. E. ) in normal and crib- 
biting horses during four treatments. 

Status Trt Mean Mean Mean Mean Mean Mean Mean Total 

baseline response response response response response response Mean 

level after after after after after after response 

1st 2nd 3rd 4th 5th 6th 

hour hour hour hou hour hour 

Crib-bite CB 122.20 162.80 137.00 191.60 1 00 98.40 148.23 

116.69 155.09 (± 26.36 (± 52.64 79 

: 

9. 11 7.87 115.51 

Crib-bite H 147.50 243.83 169.83 206.83 180.83 177.83 188.17) 194.56 

(± 21.69 (± 76.74 (± 34.89) (± 40.18) (± 28.04 (± 25.98 (± 37.66 (± 17.14) 

Crib-bite CB/H 151.83 165.67 243.00 329.83 294.50 281.67 203.33 253.00 

t 24.94 (± 45.11 (± 78.04 (± 90.05 (± 67.95 (± 71.6 t 35.53 (± 27.16) 

Crib-bite N 149.33 149.50 166.33 199.00 151.50 211.67 124.50 167.08 

9.37) 1 ±19.85 ±28.72) ±61.02 (± 32.7 ±45.28 (± 11.7 (± 14. 

Crib-bite Mean 142.42 181.22 180.87 233.56 199.74 204.00 156.00 190.89 
t 13.78) (± 26.03 (± 24.05 t 32.51 ± 24.93 (± 24.49 t 16.22 ± 22.78) 

Normal CB 90.50 116.17 92.33 101.67 117.00 120.50 85.33 105.50 
(± 17.27) (± 18.38 ± 17.40 (± 29.39 (± 30.40 (± 13.75 (± 13.92 ± 8.49) 

Normal H 117.00 98.17 101.50 97.17 134.67 104.67 88.33 104.08 

(± 15.36) (± 20.32 (± 24.92) (± 16.99 (± 26.98 (± 11.15 (± 20.02 (± 8.21) 

Normal CB/H 83.17 133.17 144.50 106.83 148.33 139.50 118.83 131.86 
±20.22 (± 43.4 ±44.54 ±21.10 ±31.93 ±24.61 ±16.39 (± 12.4 

Normal N 94.53 128.33 112.83 90.17 96.00 105.00 114.33 107.78 
(± 22.31 (± 35.42 (± 10.59 (± 15.73 (± 9.22 ± 10.38 ± 12.02 (± 7.14) 

Normal Mean 96.30 118.96 112.79 98.96 124.00 117.42 101.71 112.31 
115.58 (± 14.8 ±13.45) ±10.09) ±12.91 ±8.04 4.8.03 ±6.56 
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Table 5.9. b: ANOVA table for a one factor Anova testing cortisol 
baseline levels of crib-biters vs normal horses. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Between 1 4235.2 4253.2 21.1 0.0037 

groups 
Within 6 1207.6 201.3 
groups 
Total 7 5460.8 

Table 5.9. c: ANOVA table for a one factor Anova testing cortisol 
response levels of crib-biters vs normal horses. 

Source: d. f: Sum of Mean F-test: I P value: 
squares: square: 

L 

Between 1 12353.6 12353.6 11 0.0161 
groups 
Within 6 6741.0 1123.5 

groups 
Total 7 19094.5 

Table 5.9. d: Paired t-test matching the means of all cortisol responses 
(Y) with baselines (X) during all treatments in crib-biters. 

Treatment d. f. Mean X-Y: Paired t value Prob (2-tail): 
CB 5 -26.23 -1.74 0.1575 
H 5 -47.06 -1.69 0.1511 

CB/H 5 -101.17 -2.66 0.0449 
Nil 5 -17.75 -0.75 0.4850 
All 5 -49.83 -3.31 0.0214 

Table 5.9. e: Paired t-test matching the means of all cortisol responses 
(Y) with baselines (X) during all treatments in normal horses. 

Treatment d. f. Mean X-Y: Paired t value Prob (2-tail): 
CB 5 -15.00 -0.59 0.5810 
H 5 12.92 1.03 0.3515 

CB/H 5 -48.69 -5.31 0.0032 
Nil 5 -13.44 -0.51 0.6303 
All 5 -8.17 -0.67 0.5316 
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Table 5.9. f: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing cortisol levels of crib-biters and normal 
horses by the day of the test. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Order of 3 2700830.83 90276.94 2.91 0.0455 
test (A) 

Subjects w. 43 1336031.13 31070.49 
groups 

Repeated 5 42793.94 8558.79 1.80 0.1136 
measure 

(B) 
AB 15 236966.10 15797.74 3.33 0.0001 
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Table 5.9. g: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing cortisol levels of crib-biters vs normal horses 
in treatment N. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Status(A) 1 54843.27 54843.27 5.502 0.0409 

Subjects w. 10 99681.93 9968.19 
groups 

Repeated 4 12012.33 3003.08 0.679 0.6107 
measure 

(B) 
AB 4 25719.07 6429.77 1.453 0.2345 

Table 5.9. h: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing cortisol levels of crib-biters vs normal horses 
in treatment CB. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Status(A) 1 24453.28 24453.28 1.965 0.1945 

Subjects w. 9 112011.31 12445.70 
groups 

Repeated 4 19611.16 4902.79 1.334 0.2761 
measure 

(B) 
AB 4 11137.14 2784.29 0.758 0.5597 
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Table 5.9. i: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing cortisol levels of crib-biters vs normal horses 
(status) in treatment CB/H. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Status(A) 1 236881.67 236881.67 6.487 0.0290 

Subjects w. 10 365178.27 36517.83 
groups 

Repeated 4 56078 14019.50 1.414 0.2468 
measure 

(B) 
AB 4 61623 15405.75 1.554 0.2052 

Table 5.9. j: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing cortisol levels of crib-biters vs normal horses 
(status) in treatment H. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Status(A) 1 135090.15 135090.15 8.468 0.0156 

Subjects w. 10 159522.70 15952.27 
groups 

Repeated 4 8484.10 2096.03 0.398 0.8088 
measure 

(B) 
AB 4 17000.77 4250.19 0.807 0.528 
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Table 5.9. k: Paired t-test matching the means of all cortisol responses 
to individual deprivation treatments (X) with treatment N (Y) in cribu 
biters. 

Treatment d. f. Mean X-Y: Paired t value Prob (2-tail): 
CB 4 3 0.089 0.9331 
H 5 51.112 1.371 0.2288 

CB/H 5 109.415 2.338 0.0665 

Table 5.9.1: Paired t-test matching the means of all cortisol responses to 
individual deprivation treatments (X) with treatment N (Y) in 
normal horses. 

Treatment d. f. Mean X-Y: Paired t value Prob (2-tail): 
CB 4 -2.278 -0.138 0.8958 
H 5 -3.695 -0.223 0.8326 

CB/H 5 24.028 0.882 0.4181 
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Table 5.10. a: Mean heart rate (b. p. m.; ± S. E. ) in normal and crib-biting 
horses during four treatments. 

Status Treatment Mean Mean Mean Mean Mean Mean Total 

heart heart heart heart heart heart Mean 

rate rate rate rate rate rate heart 

during during during during during during rate 

1st 2nd 3rd 4th 5th 6th 

hour hour hour hour hour hour 

Crib-biter CB 35.00 33.83 35.50 33.50 32.83 33.50 34.00 

11.27 (± 1.7 ±3.09 (± 1.7 (± 1.4 ±2.5 ±1.73 

Crib-biter H 32.00 31.00 30.50 30.67 30.83 30.83 31.00 

(± 2.05) (± 1.81) (± 1.93) (± 2.85 (± 2.12) (± 2.59) (± 2.24) 

Crib-biter CB/H 32.60 31.80 33.00 32.60 32.80 34.20 32.81 

(± 1.25) (± 1.59) (± 2.49) (± 1.99) (± 1.77) ± 2.62) (± 1.93) 

Crib-biter N 37.00 35.40 34.60 34.00 33.20 35.00 34.93 

(± 0.84 (± 1.33) (± 1.12) (± 0.84) (± 1.46) (± 0.84 (± 0.94) 

Crib-biter Total 34.09 32.99 33.36 32.64 32.36 33.27 33.19 

t0.81 10.85 t0.85 10.99 (t 0.83 11.14 10.90 

Normal CB 38.67 37.67 37.33 38.33 36.00 35.83 37.30 
12.32 (± 2.5 (± 2.9 (± 3. ±3.9A f± 3 ±3.1Q 

_ 
Normal H 34.83 32.67 33.17 32.83 32.33 32.67 33.12 

11.33 ±1.4A (± 1.7 (± 1.2 (± 1.3 ±1.2A (±1.31) 

Normal CB/H 35.25 33.00 34.00 32.25 33.25 33.25 33.50 

(± 1.32) (± 1.35) (± 1.08) (± 1.03) (± 1.32) ± 2.39) (± 1.38) 

Normal N 37.67 38.67 37.67 36.33 36.50 37.00 37,33 

(± 3.05 (± 3.31) (± 2.81 (± 2.53) (± 2.29) (± 2.52) (± 2.61) 

Normal Total 36.73 35.73 35.68 35.18 
L34.64 

34.81 35.31 

11.11 ±1.29 ±1.22 (± 1.2 9 t1.2 ±0.90 
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Table 5.10. b: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing heart rate of crib-biters vs normal horses 
(status). 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Status (A) 1 364.11 364.11 2.54 0.1183 
Subjects w. 42 6014.11 143.19 

groups 
Repeated 5 94.08 18.82 4.43 0.0007 
measure 

(B) 
AB 5 10.49 2.09 0.49 0.8806 

Table 5.10. c: ANOVA table for a 2-factor repeated measures (six hourly 
samples) Anova testing heart rate between four treatments. 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Treatment 3 817.6 272.5 2 0.1354 
(A) 

Subjects w. 40 5560.5 139 
groups 

Repeated 5 94.1 18.8 4.5 0.0007 
measure 

(B) 
AB 15 58.4 3.9 0.9 0.5395 
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Table 5.10. d: ANOVA table for a 2-factor repeated measures (six 
hourly samples) Anova testing heart rate by day of testing (order). 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Order (A) 3 462.29 154.1 1.04 0.3845 
Subjects w. 40 5915.83 147.9 

groups 
Repeated 5 94.07 18.8 4.75 0.0004 
measure 

(B) 
AB 15 110.38 7.4 1.86 0.0292 

Table 5.10. e: ANOVA table for a 2-factor Anova testing heart rate in 
crib-biters vs normal horses (status) between four treatments . 

Source: d. f: Sum of Mean F-test: P value: 
squares: square: 

Treatment 3 1331.93 43.98 2.16 0.1099 
(A) 

Subjects w. 1 64.97 64.97 3.19 0.0826 
groups 

AB 3 13.63 4.54 0.22 0.8798 

249 



Table 5.11. a: The latency for ratio of sulphapyridine: internal 

standard to reach 0.5 in horses during treatment N. (Mann- 

Whitney, p=0.7488). 

CRIB-BITERS NORMAL HORSES 

Name Latency for 

ratio (sample: 
internal 

standard) to 

reach 0.5. 

Name Latency for ratio 
(sample: 
internal 

standard) to 

reach 0.5. 

Murphy 120 Chas 240 

Sonny 120 Charlie 120 
Arnie 120 Jock 120 

B. J. 300 George 120 
Ted 180 Bay 180 

Popsy 300 Sam 240 

Mean (± S. E. ) 190 mins (± 
36.06) 

Mean (± S. E. ) 170 mins (t 
24.08) 

250 



Table 5.11. b: The latency for ratio of sulphapyridine: internal 

standard to reach 0.5 in horses during treatment CB. (Mann- 
Whitney, p=0.6481). 

CRIB-BITERS NORMAL HORSES 
Name Latency for 

ratio (sample: 
internal 

standard) to 

reach 0.5. 

Name Latency for ratio 
(sample: 
internal 

standard) to 

reach 0.5. 
Murphy 120 Chas 120 
Sonny 240 Charlie 120 
Arnie 120 Jock 120 

B. J. 120 George 240 
Ted - Bay 120 

Popsy 240 Sam 180 
Mean (± S. E. ) 180 mins (± 

37.95) 
Mean (± S. E. ) 150 mins (t 

20.49) 
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Table 5.11. c: The latency for ratio of sulphapyridine: internal 

standard to reach 0.5 in horses during treatment H. (Mann- 

Whitney, p=1.000). 

CRIB-BITERS NORMAL HORSES 

Name Latency for 

ratio (sample: 
internal 

standard) to 

reach 0.5. 

Name Latency for ratio 
(sample: 
internal 

standard) to 

reach 0.5. 

Murphy 120 Chas 120 
Sonny 300 Charlie 120 

Arnie 120 Jock 300 

B. J. 240 George 180 
Ted 180 Bay 180 

Popsy 180 Sam 240 
Mean (± S. E. ) 190 mins (t 

28.64) 
Mean (± S. E. ) 190 mins (t 

28.64) 
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Table 5.11. d: The latency for ratio of sulphapyridine: internal 

standard to reach 0.5 in horses during treatment CB/H. 
(Mann-Whitney, p=0.0306). 

CRIB-BITERS NORMAL HORSES 

Name Latency for 

ratio (sample: 
internal 

standard) to 

reach 0.5. 

Name Latency for ratio 
(sample: 
internal 

standard) to 

reach 0.5. 

Murphy 180 Chas 120 

Sonny 240 Charlie 120 

Arnie 180 Jock 180 
B. J. 300 George 120 

Ted 240 Bay 180 
Popsy 180 Sam 180 

Mean (± S. E. ) 220 mins (f 
20.00) 

Mean (± S. E. ) 150 mins (t 
13.42) 
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Table 5.12. a: Mean percentage time spent eating per hour during the 

two treatments which provided hay (N and CB). 

Status Treatment 1st 2nd 3rd 4th 5th 6th Mean of 

hour hour hour hour hour hour six 

hours 

Crib-biter CB 63.38 43.33 40.00 30.56 32.78 42.50 42.08 

112.82 (± 6.1 ±10.35) (± 9.8 (± 7.3 (± 12.2 (± 2.0 

Crib-biter N 55.56 33.06 21.39 33.89 25.28 31.11 33.38 

14.57 (± 6.2 (± 4.1 ±4.2R 17.5 ±6.8R (± 2.1 

Crib-biter Total 59.44 38.19 30.69 32.22 29.03 36.81 37.73 

t 6.59) (± 4.47 (± 6.01) (± 5.16 (± 5.16 (± 6.93) t 1.92 

Normal CB 41.67 21.39 29.72 34.44 29.17 24.17 30.09 

±10.14 ±5.99 (± 9.1 ±11.82 ±6.73 t8.39 ±8.3R 

Normal N 61.67 33.61 21.39 32.50 20.83 33.89 33.98 

(± 7.30 (± 9.78 (± 9.16) (± 9.66 (± 8.28 (± 9.6 (± 3.28) 

Normal Total 
1 

51.67 
1 

27.50 25.56 33.47 25.00 29.03 
L32.04 

- 
(± 6.68 (± 5.77 (± 6.30 (± 7.28 (± 5.24 (± 6.2 t 2.20 
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Table 5.12. b: ANOVA table for a 3-factor repeated measures (six hourly 
samples) Anova testing eating behaviour of crib-biters vs normal 
(status) horses during treatments N and CB. 

Source: d. f: Sum of 
squares: 

Mean 
square: 

-I 

F-test: I P value: 

Treatment 
(B) 

1 75.111 75.111 0.815 0.3773 

Status (A) 1 420.25 420.25 4.562 0.0452 
AB 3 513.778 513.778 5.577 0.0285 

Subjects w. 
groups 

20 1842.5 92.125 

Repeated 
measure 

(C) 

5 4726.972 945.394 5.441 0.0002 

AC 5 537.556 107.511 0.619 0.6857 
BC 5 183.583 36.717 0.211 0.957 

ABC 5 489.389 97.878 0.563 0.7278 
Cx subjects 
w. groups 

100 17374.167 173.742 
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Figure 5.1. Horse wearing proprietary cribbing-collar. 
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Figure 5.2: Mean hourly cribbing rates (f S. F. ) 
over a five day period (treatment group wore 
a cribbing-collar on day 2). 
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Figure 5.3. a: 13. J. 's pattern of crib-biting on 
day three. 
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Figure 5.3. b: Murphy's pattern of 
crib-biting on day three. 
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Figure 5.4: Model of the suggested role of endorphins, dopamine and 
serotonin in stereotypies (After Dodman and Shuster, 1994). 

261 



Figure 5.5. a. Test horse using cribbing bar in modified loose-box 
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Figure 5.5. b. Test horse in paddock wearing heart rate monitor 
and indwelling catheter. 
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Figure 5.6: Mean activity (± S. E. ) of plasma 
beta-endorphin in crib-biters (n=6) and 

normal horses (n=6) during six hours of 
four treatments. 
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Figure 5.7: Mean activity (± S. E. ) of plasma cortisol in 
stereotypic (n=6) and normal (n=6) horses during six 

hours of four treatments. 
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Figure 5.8 : The mean bioavailabilty of sulphapyridine in 
the plasma of horses during treatment N. 
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Figure 5.11: The mean bioavailability of sulphapyridine 
in plasma of horses during treatment H. 
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Figure 5.12: Percentage of time budget spent in 
each behaviour during treatment N. 
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Figure 5.13: Percentage of time budget spent in each 
behaviour during treatment CB 
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CHAPTER 6. CONCLUDING REMARKS. 

6.1: Conclusions. 

The artificial selection process implicit in the domestication of the horse has 

concentrated on conformation, performance and tractability rather than an 
ability to cope with confinement, social isolation and concentrated diets. 

Management factors that limit the forage content of the diet and the extent to 

which individuals are allowed to exercise in non-training contexts are 
intended to maximise performance and possibly also convenience. The 

relationship between intensive management factors and the prevalence of 
abnormal behaviour suggests that generally, as performance is enhanced, 
choice becomes limited and normal ethograms are jeopardised. Abnormal 
behaviour is the result. Despite the fact that it is recognised as a nuisance to 
owners, because it has to be declared at sale and often reduces the value of 
affected animals. The drawbacks of these products of intensive management 
seem not to outweigh the commercial benefits. 

The prevalence of stereotypies puts them on a par with other equine disease 
processes that cause far more concern among owners and trainers, e. g. 
lameness which ends 10.6 per cent of racing careers (Jeffcott et al., 1982). 
However, apart from severe box-walking, they are rarely a direct cause of 
poor athletic performance and wastage and they do not alter the appearance 
of the animal. While teeth wear and colic are irregular consequences of crib- 
biting, owners are generally more concerned about the possibility of mimicry 
or structural damage to stables. It seems that the economics of performance 
animal welfare may be more difficult to calculate than those of farm animals 
(Bennett, 1995; McInerney, 1995) and the consequences of these behaviours 

on the performance, longevity or fecundity of horses have not been 
established. Until these costs are known, the tendency may remain among 
horse-owners to devalue, isolate and operate on horses that show 
stereotypies but to do little to prevent their becoming stereotypic in the first 
place. 

Changes brought about by intensive management have profound effects on 
the way that horses spend their days, especially in terms of foraging and 
socialising. The relevance of these changes appears to have been confirmed 
by the current epidemiological work. Although it is possible that an age 
threshold exists below which stereotypies are suppressed, the low prevalence 
of abnormal behaviour among youngstock on stud farms merits emphasis 
since these animals and their dams are among the most extensively 
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managed of all horses. It is known that horses show major changes to their 
time budgets in response to alterations in the proportion of concentrated 
food and space they are given (Willard et al., 1977: Houpt et al., 1986). The 

results of the N. H. and Flat surveys seem to confirm the importance of these 
factors, while the survey of B. H. S. members indicates that time spent in a 
stable can be related to the prevalence of abnormal behaviours. Therefore, 

one can conclude that experiences implicit to being stabled are accompanied 
by the performance of behavioural anomalies. 

The management factors identified by four cross-sectional surveys cannot be 

regarded as the causes of abnormal behaviour but they provide useful indices 

of what may be sub-optimal in the environment of intensively-housed 
horses. These revolve around the stable management of young animals and 
the percentage of their day that is spent experiencing this environment. 
Although programmes of environmental enrichment may be thwarted by 

the emancipation process that can detach a stereotypy from its initiating 

causes, they are beneficial because they can prevent exacerbation of existing 
stereotypies and the development of new behavioural anomalies. In this 

way, remedial steps to improve a stereotypic animal's environment should 
be encouraged simply because they have the potential to sustain the 

expression of a normal ethogram. The results of the surveys in the current 
study, may provide a recipe for changes in management, even though the 
incentives for improvement may remain more obscure. 

Of the specific behaviours that were considered in the study, crib-biting has 
lent itself to the most detailed scrutiny because it is common and readily 
manipulated experimentally. Its investigation required the application of 
diagnostic techniques that exposed hitherto unreported anatomical changes 
that open the lumen of the oropharynx and cranial oesophagus (chapter 
three). The immediate effect of this process has not been assessed but it is 
likely that it stimulates'stretch receptors in the oesophageal wall. One could 
speculate that, in this way, the distension of the oesophagus that occurs 
when forage is swallowed could be mimicked by crib-biting. Whatever the 
specific effect of this distension proves to be, it seems probable that this is the 
consummatory event in the behaviour pattern. I make this assertion 
because bouts of crib-biting always end with a tell-tale grunt and the same 
characteristic 'noise is heard in wind-suckers that perform none of the 
appetitive substrate-licking and grasping seen in crib-biting. 

This work has helped to' establish some of the immediate physiological consequences of oral stereotypies. In crib-biting, repeated oesophageal 
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membranes, the supplementary oral activity may elicit production of saliva 
that necessarily has to be swallowed. Therefore, crib-biting could increase the 
fluid phase of gastro-intestinal contents and function to enhance passage in 

animals with artificially reduced foregut activity. Thus, for animals with 
thwarted motivation to feed, supplementary oral behaviours may, in 

themselves, be rewarding as analogues of ingestive behaviour. 

There seem to be a number of circumstances under which the foregut 

activity of crib-biters differs from normal horses. For example, relatively 

short oro-caecal transit times in crib-biters (section 4.3) seem to be related to 
the feeding of a concentrated diet. This may be because concentrated food 

may enhance foregut motility by eliciting more of the behaviour than does 

ad libitum forage. Physical flushing by saliva and hyperactivity of the gastro- 
colic reflex may be associated with the increase in crib-bites per unit time and 
these factors may quicken the transit of ingesta in the foregut. The 

relationship between diet and gut function may expose the link between the 
increase in frequency of the behaviour with diets of different physical form 
(Kusunose, 1992) and palatability (Dum et al., 1983; Dodman et al., 1987). 

In another example of altered foregut function, hay-fed crib-biters, deprived 

of forage and the opportunity to crib-bite had relatively long transit times 
(section 5.5). It is thought that crib-biters have a predisposition to flatulent 

colic. With crib-biters apparently undergoing relative oro-caecal stasis when 
deprived of food and the opportunity to crib-bite, this should be borne in 
mind when owners leave cribbing-collars on their horses overnight with a 
hay-net that will be empty by morning. If compound deprivation always 
causes an increase in foregut transit times, disturbances in digestive 

processing are likely to be common in stabled crib-biters. Although it seems 
unlikely that the assimilation of nutrients is affected by this stasis, the altered 
foregut activity may be related to discomfort and possibly abnormal 
fermentation of ingesta that could contribute to flatulence. Until the 
anatomical origin of, flatus in crib-biters is identified, we will be unable to say 
whether the feeding of concentrates or the application of "compound 
deprivation" is to blame for the anecdotal link between flatulence and crib- 
biting. 

Using gut transit techniques in crib-biters and normal horses on a 
"complete" diet, I have 

-demonstrated that changes in gut motility are not 
related to less efficient digestion as a cause of possible unthriftiness in crib- 
biters. Unthriftiness in crib-biters may occur, if planes of nutrition are 
critical, because these horses expend energy performing the behaviour while 
spending less time resting and nourishing themselves. 
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biters. Unthriftiness in crib-biters may occur, if planes of nutrition are 
critical, because these horses expend energy performing the behaviour while 
spending less time resting and nourishing themselves. 

In the light of post-inhibitory rebound studies, one can explain why attempts 
at prevention are so unsuccessful and how frustration may rise in animals 

with a thwarted motivation to stereotype. When crib-biters are prevented 
from stereotyping, it seems likely that their motivation to perform the 
behaviour rises. Therefore, this research may explain why short-term 

aversion methods such as electric shock treatments and painful collars prove 

so unsuccessful as permanent "cures" of this behaviour. Furthermore, since 
the practices of myectomy and neurectomy, to resolve crib-biting, may be 

associated with long-term frustration and, therefore, compromised welfare, 
they should be questioned on humane grounds. Because the higher baseline 
levels of cortisol found in crib-biters may relate to their being more reactive 
generally they may be more susceptible to the deleterious effects of sub- 
optimal environments. Therefore, any additional stressor is likely to 
compound the aversiveness of such environments and would be a 
particularly unwise step for owners of these horses to take. 

The trend towards a negative correlation between the rate of crib-biting and 
plasma levels of beta-endorphin seems to challenge the suggestion that 
reinforcement for the behaviour is linked to opioid pathways. The palliative 
effect that opioid antagonists have on crib-biting may arise because they 
sedate the horse and make crib-biting less easy to execute. Higher levels of 
beta-endorphin were found in crib-biters than in normal horses when they 
were stabled (experiment thirteen). This may represent an elevated stress 
response or may indicate that, compared to normal horses, crib-biters 
respond differently to being fed hay instead of the grass they ate in the 
paddock. The study showed striking individual variation in beta-endorphin 
levels of both normal and stereotypic horses. This confounds a precise 
determination of the way in which beta-endorphins relate to stress and 
stereotypies. It certainly seems that, rather than having a singular pivotal 
role in the reinforcement of crib-biting, beta-endorphins may contribute to a 
biochemical cascade, involving a number of neurotransmitters and 
hormones, that terminates in a central reward. 

The question about the significance of stereotypies as "coping mechanisms" 
usually refers to their potential as a means of combating stress. The absence 
of a significant rise in the stress parameters of crib-biters that are unable to 
crib-bite suggests that the function of this oral stereotypy does not lie in 
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stress-reduction. But, as has been reiterated throughout this study, the term 
"stress" is rather troublesome since it has been used in a variety of scientific 
and colloquial contexts. If a stressor can be any "extra-individual event" that 
brings about an "intra-individual event", any stimulus could be something 
that has to be coped with. There are a number of ways in which 
management factors, such as the ratio of concentrates to forage, may be 
linked to the prevalence of abnormal behaviour in general. Therefore, it 

may be that coping mechanisms may include an adaptation to man-made 

environmental features, of which dried and concentrated foods are an 

example. 

As with stress, the term "function" has been applied in so many scientific 
contexts that it has begun to mean different things to different workers and, 
among other issues, fuels the debate about the differences between causes 
and functions. The altered physiological parameters found in crib-biters 
when compared to normal horses may be incidental consequences rather 
than being the goals of the behaviour. However, the possible role of crib- 
biting, as an adjunct to ingestion, in the maintenance of fore-gut motility 
suggests that the behaviour may not be as functionless as was thought. 

The study has been used to develop a model of crib-biting in the presence of 
food (figure 6.1. ). This incorporates the relationship between crib-biting and 
food, ingestion and a number of physiological and anatomical states. 
Although it does not attempt to suggest why some horses crib-bite and others 
do not, the model embraces a number of physiological pathways that are also 
found in normal animals. It is possible that genetic and adaptive changes 
operate in one or more of these pathways. 

In concluding, there are a number. of welfare questions that I would like to 
address. Firstly, there is the question of whether the presence of a certain 
percentage of stereotypic horses on a yard can be used as an indicator of 
compromised welfare for all the equine occupants of that yard. Because the 
process of emancipation can distance an ethopathy from its cause, the 
appearance, rather than the existence, of stereotypies is all that can be used as 
an index of frustrating management. However, even if one accepts the 
relationship between management factors and the development of 
behavioural anomalies, the creation of a threshold of prevalence should be 
avoided since this would also be affected, by numerous independent variables 
such as the predominance of susceptible bloodlines. 
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Secondly, it seems that the importance of self-mutilation as a consequence of 

stereotypies is considerable. The effects of movement stereotypies are only 

reported in animals that develop asymmetric patterns or that abrade 

themselves on parts of the enclosure. Evidence of crib-biting, on the other 
hand, can readily be detected because of the wear on the teeth that is an 
implicit consequence of the behaviour unless it is only allowed in modified 

sites. This form of unnatural wear seems unlikely to be associated with pain 

since the innervation of equine teeth is not exposed since they have evolved 

to grind down with a lifetime's use. Notwithstanding the probable absence 

of pain, the consequences of incisor erosion on food prehension are likely to 

have welfare implications since ingestive behaviour in these individuals is 

thwarted. 

The erosion of the incisors of crib-biters. could be eliminated by encouraging 
horses to use non-abrasive objects for the grasping phase of the behaviour. 

Flatulent colic, commonly held to be a consequence of the behaviour, is less 

readily avoided. Until we can establish how excessive flatus is generated in 

crib-biters and identify which horses are at risk, it may be safer to prevent 
crib-biting in all horses. The number of stereotypic animals that succumb to 
this form of colic has not been estimated. However, it may be that the greater 
good for the greater number would be fostered by allowing crib-biting to 

proceed in individuals that have no history of abdominal pain. 

Thirdly, I would like to address the question of whether stereotypic horses 
should be allowed to perform the behaviours. This follows on neatly from 
the previous point since it appears that, where self-mutilation or 
predisposition to disease can be controlled, the actual performance of 
stereotypies is probably not associated with poor welfare. It remains to be 
seen whether horses find the presence of a stereotypic neighbour aversive. 
However, those with established forms of crib-biting, are likely to experience 
a stress response if prevented from performing the behaviour in husbandry 

systems that limit forage. Although it may be premature to extrapolate data 
on crib-biting to all equine stereotypies, the take-home message would seem 
to be that, if a horse has an established stereotypy, prevention is futile from a 
curative point of view and counterproductive when trying to reduce stress in 
the subject. 

My work has tended to support the growing view (Mason, 1993a) that 
frustration is the likely proximate cause of stereotypies. If so, they may be 
undesirable on the grounds of welfare. Therefore, there remains the 
question of how to reduce the prevalence of stereotypies. Prophylactic 
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environmental enrichment (e. g. the use of more natural foodstuffs that have 
to be actively foraged for) and genetic selection (below) would appear to be 
the way forward. 

The genetic component of stereotypies, highlighted in previous studies, 
seems likely to be polygenic and, therefore, its pattern of inheritance is 
difficult to predict. Furthermore, it is unclear whether, in selecting for a 
reduced tendency to perform stereotypies, one would be selecting for reduced 
underlying frustration or merely the inability to express frustration. 
Additionally, it is possible that, due to co-variance, genetic selection for lower 

reactivity to environmental stressors would reduce performance. 

However, the existence of a genetic factor may obstruct improvements in 
horse management that evolve from data on stereotypers, since 
traditionalists could maintain that anomalies in behaviour are simply pre- 
destined and are not products of managemental shortcomings. This 

approach is challenged by the results of the surveys which suggest that 
intensive husbandry has strong associations with the prevalence of 
stereotypies. Therefore, the liability of an individual to develop a 
behavioural anomaly, is multifactorial being the combined effect of both 
environmental and genetic factors. Until our understanding of the vertical 
transmission of stereotypies improves, we should aim to improve 
management practices in order to minimise the expression of deleterious 
behaviours in subjects close to the genetic threshold. 

Critics might then argue that it is unwise to allow the needs of a minority of 
a domesticated animal population to dictate the management of the 
remainder. However, while there remain so many areas of controversy in 
relation to the use of these behaviours as indices of poor welfare and while 
the levels of frustration experienced by normal animals under intensive 
management regimes remain unquantified, it seems to prudent to err on the 
side of caution. 
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Figure 6.1: Model of crib-biting in the presence of food 
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Further research 

The limitations of cross-sectional surveys as used in the current study e. g. 

not being able to identify cause and effect, have been discussed. Therefore, 

prospective longitudinal surveys of horses that had their management 

assessed at an number of stages in their life would be an exciting avenue of 

research. It would be interesting to assess the effect of different interventions 

such as environmental enrichments e. g. feeders that release forage only 

when the subject has worked for it by applying forces similar to those 

required for grazing. Enrichment programmes could also include the 

provision of equine company especially chosen affiliates. Reduced-trauma 

weaning techniques would also merit further investigation as part of this 

study. 

Having identified management factors that are associated with peaks in the 

prevalence of ethopathies, the current study could be useful in the selection 

of appropriate resources for equine choice tests in the future. Although 

consumer demand theory in equine science is in its infancy, it would appear, 
from work in other species (Baldwin and Start, 1981; Dawkins and Beardsley, 
1986), to be the way forward in determining the needs of an individual. 
Operant- devices could also be used to determine how much a horse would 
work for access to a stable which permitted crib-biting or possibly one that 
facilitated weaving. The use of operanda in the presence of a variety of other 
resources would also help to determine which resources were associated 
with least demand for the stereotype facility. This study would help to clarify 
the motivational dynamics of equine stereotypies. Furthermore, to 
investigate the frustration theory, it would be interesting to determine if 

early-stage stereotypers were more motivated to access resources than non- 
stereotypers. This study could then be repeated, using established 
stereotypers, to see if stereotyping reduced awareness. 

The magnitude of the effect of the type of training in the two racehorse 
surveys reported in the current study is intriguing and merits further 
investigation. This would involve visiting yards to determine how factors 
that were not included in the questionnaire (and therefore not the analytical 
model) differed between -yards described as "N. H. only" and "mainly N. H. " 
and "Flat only" and "mainly Flat". On the same visits, other complex 
variables such as the distribution of loose-boxes on a site could be recorded to 
derive an assessment of how many horses were visible from the "average" 
stable. Visits to respondent yards could also resolve questions that could not 
be easily tackled via a'postal questionnaire. For example, it would be possible 
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to investigate the extent to which stereotypic horses were deliberately 
isolated as a sequel to, rather than a cause of, the appearance of the 

anomalous behaviour. 

In a bid to stimulate owners' interest in prophylactic psychiatry, it may be 

useful to determine the impact of equine stereotypies on racing performance. 
On a preliminary basis, one could compare the percentages of stereotypic and 
normal race winners. A comparison of this sort would be confounded by a 
number of performance-related factors e. g. horses with poor conformation 
may be less successful and also more likely to stereotype, but it would be a 
useful starting point. Indeed, behavioural profiles of winning performance 
horses have never been reported. It may be possible to discern what 
characteristics occur most frequently in successful representatives from a 
number of disciplines. This preliminary work may help to develop a system 
of behavioural testing applicable to youngsters as a predictor of competitive 
success. 

As far as the gastroenterological parts of the current, study are concerned, it 

would be useful to continue the search for a single stool technique for total 
transit time estimations in horses. This would involve finding the correct 
dose of each species of marker, that can be given as a bolus, for single stool 
analysis. Furthermore, with single stool analysis, it is crucial that we know 
the time at which the stool was passed. Horses defaecate between 6 and 8 
times per day, therefore to spot the passing of a motion, one would have to 
be able to budget a four-hour period that one could spend with the horse. 
This will help to define the time of day at which the markers are fed to the 
horse. Further studies will help to indicate which periods should be selected 
for collection of the more informative samples i. e., those with representative 
populations of each marker. , ,. 

When considering further investigation of crib-biting specifically, it would be 
useful to conduct a simple survey to determine the association between 
flatulence and crib-biting. It might then be interesting to examine post- 
mortem samples of cranial oesophagi from crib-biting horses to determine 
whether repeated distension of the oesophagus over a period of years had 
any effect on the functional anatomy of the area. Dysfunction could include 
the development of a partial megaoesophagus with gastrointestinal flatus as 
an irregular complication. If this is the case, it may even be possible to screen 
crib-biters to determine which are, at risk of, flatulent colic. In the long-term, 
animals identified as being at risk could either be prevented from crib-biting 
or could be candidates for pharmacological intervention. The remaining 
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crib-biters could be safely allowed to proceed with the behaviour, preferably 
on a non-abrasive substrate that caused minimal incisor wear. 

As understanding of satiety develops, it is possible that we will identify 

physical and chemical signals that terminate a bout of stereotypy, to see if 
they are-the same as signal termination of eating. This avenue of research 
may expedite the search for a pharmacological remedy for deleterious 
behaviours like crib-biting. When they become better adapted for use in 

conscious animals, brain tomography and electroencephalography may 
prove useful as non-invasive probes to determine how intracranial indices 

of arousal change before, during and after a bout of stereotypy. 

The link between the provision of palatable foods and the performance of 
stereotypic and redirected oral behaviours merits thorough investigation. 
Observation of pastured crib-biters and wood-chewers over a 24 hour period 
would also be useful since the role of wood-chewing in the ontogeny of crib- 
biting has yet to be clarified. It may also be that the importance of wood- 
chewing in feral equine ethograms has not been fully addressed. 

Given the differences in endocrinological profiles under a number of 
treatments, it would be interesting to screen cortisol levels in crib-biters at 
pasture and compare these to levels in normal controls. Beta-endorphin 
levels, in all horses in such a study, would be of interest since it appears that 
levels within a given environment may be influenced by the palatability of 
the food available. 

It seems important to establish at what point in a crib-biter's life it develops 
abnormal levels of plasma cortisol. Therefore, behavioural (e. g. reactivity 
tests) and endocrinological (e. g. plasma cortisol and beta-endorphin) 
screening of foals would be an important preliminary study since work in 
voles (Cooper, 1993) has shown that reactive juveniles are more likely to 
develop stereotypies in later life. A better understanding of the so-called 
"emancipation process" in the maturation of stereotypies is required and this 
could be achieved by determining how these behavioural and 
endocrinological responses alter as horses change from being normal to 
stereotypic. Controls for age would be included or age would have to be 
included as a factor in an analysis of co-variance. The requirement for a large 
experimental group may be make such a project prohibitively expensive but 
until this data is available, advice regarding remedial environmental 
enrichment will only be informed guess-work. 
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It appears that the increasing literature on stereotypies in other species, can 
only be related to horses with tremendous caution. A number of cardinal 

papers in voles, pigs, chickens and laboratory rodents would require 
replication with equine subjects before a complete and reliable picture of the 

nature of what used to be called "stable vices" will emerge. 
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List of abbreviations 

A. D. F. Acid detergent fibre 
A. O. R. Adjusted odds ratio 
b. p. m. beats per minute 
B. E. Beta-endorphin 
B. D. G. British Dressage Group 
B. E. G. British Endurance Group 
C. P. Crude Protein 
D. M. Dry Matter 
E. L. I. S. A. Enzyme linked immunoassay 
G. E. Gross Energy 
H. T. G. Horse Trials Group 
H. P. L. C. High Performance Liquid Chromatography 
I. D. Irish Draught 
Km Kilometres 
L Litres 
Min Minutes 
ml Millilitres 

µl Microlitres 
N. D. F. Neutral detergent fibre 
nn Normal 
O. M. Organic matter 
N. H. National hunt 
pg Picogrammes 
R Reference category 
R. I. A. Radioimmunoassay 
s Seconds 
ss Stereotypic 
T. B. Thoroughbred 
W. Cob Welsh cob 
W. blood Warmblood 
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Appendix i" Anecdotes and remarks from respondents (n=1101) to the Survey 
of British Horse Society members (section 2: 6). 

The following information is included as an anecdotal record of current 
opinions about abnormal behaviours among lay horse-owners. 

Weaving. 

Eight owners reported that their horses only weave occasionally Three felt that 
their horses only weaved out of excitement while a further three stipulated 
that their horses' behaviour was related to the imminent arrival of food. Two 
owners stated that their horses weave to communicate with them and a third 
regarded weaving as a form of attention-seeking. Other unsolicited remarks 
received from owners of weavers were very anecdotal and are therefore 
reported as direct quotes: 

All of the weavers will weave in the field and that includes the foal who was about one month 
old when he started with his wanting to come in. 

Three of our horses were by the same sire - all of them weaved by the time they were two years 
old - two of them against a blank wall. 

One of my horses, a weaver, is kept out all day because he is highly strung. The others are kept 
out for two hours a day. 

Our weaver does it most when "half fit and not able to do lots of cantering & jumping". 

I have a mare who started to weave as a5 year old. She seems to do it mostly when in the stable 
and when she can see other horses out at grass or at work. She began to weave when stabled next 
to another horse that weaved. 

We don't turn our weaver out because he gets really muddy and wants to come straight back in 
again. 

Our horse with tendency to weave is now housed in a stable with a gated front (12ft wide) and no 
top doors and now we have no problem. 

Since moving to our yard, with its complex layout, this horse has not weaved (14 months free 
from signs). He has one complete open side and windows on the other three. 

This horse only weaves when stabled for 24 hours a day . He doesn't weave if put out to grass for 
part of the day. 

When first brought in as a yearling, this horse weaved and box-walked. When he was eight 
years old, we discovered that his front feet were not balanced and I believe this has contributed 
greatly to the habit. 

My horse was taken away from his mother when only 12 weeks old and shut in a stable. He is 
now 12 years old and still hates enclosed spaces. 
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Crib-biting. 

Seven owners reported that their horses only crib-bite occasionally, while two 
others stated that their horses do so only after food. Other unsolicited 
anecdotes received from owners of crib-biters are reported below: 

This home-bred horse showed no signs of any stable vice. As a five year old he went to a show- 
jumping yard where he was stabled full-time. I brought him home after 3 months a chronic crib- 
biter, though he had not been stabled near any other cribbers. 

The wind-sucking is only evident at times of excitement e. g. at feeding and when the lorry comes 
out. 

The crib-biter is now in a projectionless box but he still performs the behaviour in the field 

A home-bred two year old, who had never been stabled, and who had never been near a crib- 
biter, took up crib-biting one day while waiting for the blacksmith, in a loose-box with a non- 
crib-biting friend beside her. 

We did have a horse that crib-bit and did it from on his dam's hock after sucking. He had an 
operation on his throat muscles which did not work. We tried a collar on him but it made him 
bad tempered. 

This filly wind-sucked badly when we got her. Now, two years later, thanks to "Cribox" she 
only does it occasionally. 

My horse started wind-sucking when she was 6 years old. She was in a field with plenty of 
grass, she was not bored or hungry. She copied it from a pony living on poor pasture in the field 
next-door. 

"Cribox" is very efficient as a cure for cribbing although I had two fully occupied horses who 
simply used to rip the wall dividing their stables to bits until they could put their heads 
through the hole and talk to each other. 

This crib-biting was not learned from any other horse, it started in the field with dam. Nothing 
I do will prevent or deter him. 

My horse began wind-sucking when he was confined to his stable for 24 hours a day due to injury. 
He does not wind-suck in summer when out 24 hours a day. 

My horse had no vices until I started to event him at the age of eleven years (previous to that he 
hunted and did riding club events ). My theory is that he was worried about the pressure and/or he was so fit he got bored. 

One home-bred 4 year old began crib-biting and wind-sucking from two months of age. 

321 



Box-walking. 

Two owners mentioned that box-walking was confined to periods of 
excitement, while a further four specified this as being related to the absence or 
departure of other horses. Other anecdotes received from owners of box- 
walkers are reported below: 

I was purchased my second horse as a five year old that had apparently never been out in a field 

- he had always been stable-kept. I turned him out for twelve hours a day and, after four 

months, he stopped box-walking. 

One horse will box-walk and become very agitated on hearing strange noises but is much less 
likely to become upset if out in the field. 

Our mare used to box-walk in a previous yard but stopped within a few days of arriving on our 
yard. 

The box-walker only does so on hunting mornings but is improving as he gets older. 

This mare only box-walks when out of work, in season and has no company, all these factors have 
to present at the same time. She will do the same in the field. 

We have a Thoroughbred riding pony that box-walks. He does this when he's plaited up and 
also when he wants to go out to the paddock, but not at night when he comes in to go to bed! He 
doesn't do it when he has to stay in due to bad weather. 

A previous horse I owned would box-walk all night and complete 40 miles with a pulse of 32 and 
box-walk all that night. 

My mare kicks the walls of her box and "piaffes" in her stable. She is worse when in season. 

Wood-chewing. 

Seven owners reported that their horses only chew wood occasionally. Two 
other owners stated that of the four behaviours in the survey, wood-chewing 
was the only one that could be stopped once it has become established. Other 
unsolicited anecdotes received from owners of wood-chewers are reported 
below: 

Has only chewed when confined to the stable e. g. box-rest following injury. He stops as soon as 
normal routine returned. 

Wood-chewing is not a serious vice - just a protest at no more hay! 

Wood-biting is usually the time of the year (Feb Mar Apr) that is important here as if there is 
something missing in the grass. 

My two horses regularly chewed wood when fit. 

We encourage our horses to chew wood by giving them logs to chew 

The wood-chewer in question is a stallion. He bites people as well as wood and occasionally 
grabs the top of his door but thankfully does not wind-suck. 

All horses eat wood 

Both my horses chew wood in the stable and in the field. They are both turned out as often as 
possible, have plenty of work and are well fed. 
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Horse does not chew wood in the stable at home but is inclined to do so in a strange stable 
overnight and always tries to chew gateposts while I open gates on a ride. 

The only time my horse chews is if I'm late with the evening fed. They both chew the post and 
rail fence in the field if again that I'm late fetching them in for their feed. 

Copying. 

There was some consensus among owners about the possibility of mimicry as a 
means of transmission of anomalous behaviours. Six owners remarked that 
they felt that horses can only copy if they are 'susceptible' or 'that sort of 
personality'. A further six noted that horses can only copy if they are bored. 
Seven owners stated that only wood-chewing can be copied. Two others 
remarked that door-banging (not referred to my survey) is readily copied. 

Some time ago we had a mare arrive on the yard who scrapes her teeth up and down the metal 
bars making a horrible noise. Since her arrival many others do the same. 

One horse started all the others wood-chewing but they stopped when that one left. 

One pony who wind-sucked badly gave up when stabled next to a 30 year old pony. We are 
convinced that he gave up because the 30 year old did not copy him. 

Within six weeks of being placed in the field next-door to a crib-biting filly, my seven year old 
had picked-up the habit. 

Vices can be copied especially wind-sucking and weaving. 

Horses opposite weavers certainly copy but the other vices cannot be copied. 

Her wood-chewing is only precipitated by other horses chewing their boxes. She does not do it 
on her own. 
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CONFIl)LN'I'IAI. 

Please contribute to this important survey even if your horses are coot 
pletely unaffected by any behavioural problems. The flat and National 
Ilunt 'trainers have already been sampled . 't'heir response was over- 
whelming and we have thus been able to accumulate information on over 
4, OU0 horses in training. We need a similarly enthusiastic response from 
the breeders if' we are to he able to relate our findings to the Thorough- 
bred population as it whole. 
Please answer by placing a "/" in the appropriate box. Write "Don't know" 
if you do not have the necessary information. Should you require help 
with any of the questions do not hesitate to contact the Horse Behaviour 
Office at Bristol University (0034 852581 ext 9461). 

Gl'. NINAI., MANAG MII: N'I' 

Is your stud purely 'thoroughbred? Yes 1; No 

Ilow many stallions do you have in work this season? 

Are the stallions on your stud primarily NI I sires 
Flat sires 

useful as both 

low many mares live permanently at your stud? 

Ilow many mares visit your stallions during the season? 

Flow many mares walk in per season? 

I low many full-time staff are currently working on the stud? 

Of these , how many are female? 
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FOALING 
Do you ever allow mares to foal outside? Yes No 

Ilow many foaling boxes do you have? 

Given "good weather", how long do you normally keep the mares and their 
new foals in their boxes before turning them out for the first time? 

0-I clay 
1-Z days 
2-4 days 
4-0 days 
0+ days 1 

At their first turning-out, do the mare-&-foal usually go into a paddock: 
on their own? I 
with one other mare-&-foal pair? 
with a group of mares-&-foals? 

As a general rule at the height of the season, how many mares-&-foals-at- 
foot do you allow per acre? Less than one mare-&-foal per acre 

one mare-&-loal per cure 
two mares-&-foals per acre 
three mares-&-foals per acre 
four mares-&-foals per acre 

more than four nmares-&-foals per acre 

1)o you use a foal-creep? Yes ýj No 

1)o you generally bring the mares-&-foals in at night when the foals are 
less than one month old? Yes No 

FOAL IIANI)LIN(; 

At what age do you generally first fit foal-slips ? 
less than one week 
between I and 2 weeks 
more than 2 weeks 

At what age do you expert your foals to pick up their feet when asked ? 
less than one month 
between I and 2 months 
between 2 and 3 month% 
between :4 and 4 months 
older than four months 

Are your foals generally within sight when their dams arc served? 
Yes ýI Not 
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WEANING 

Which method do you usually wean by: (please tick one box only) 

(i) putting the foal in a box on its own 
(ii)withdrawing one mare at a time from the mare-&-l*oal herd every 2-3 
days 
(iii)withdrawing one mare at a time from the mare-&-foal herd every 
week 
(iv)withdrawing one mare at a time from the mare-&-foal herd every 2 
weeks ,I (%)separating a group of foals Irom the dams at one stage 

At what age do you normally wean your foals? months 

W1iAN1. INGS 
When freshly weaned foals are kept out what stocking rate per acre do 
you adopt ? less than one foal per acre 

1 foal per acre 
2 foals per acre 
3 foals per acre 

more than 3 foals per acre 

When you first house these weaned foals are they 
(i) boxed individually 
(ii)boxed in pairs 
(iii)housed as a group 

1)o they get ad lib hay? Yes I No 
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SI ARI. l: VICES 

Stallions : flow many of this group ever crib-bite/wind-suck ? 
weave? 
box-walk? 
wood-chew? 

Mares :I low many of this group ever crib-bite/wind-suck ? 
weave? 
box-walk? 
wood-chew? 

Visiting Mares : Mow many of this group ever crib-bite/wind-suck ? 
weave? 
box-walk? 
wood-chew? 

Foals-at-foot: ) low many are in this group ? 
I low many cif this group ever c'rih-bite/wind-suck ? 

weave? 
box-walk? 
wood-chew? 

Yearlings: llow many are in this group ? 
How many of this group ever crib-hits/wind-suck ? 

weave? 
box-walk? 
wood-chew? 

I'I IANK YOU FOR YOUR'liM1: ANI) I FFOR"l' 
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Figure 6.1. Experimental horses galloping after being turned-out from winter 
stabling. 
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