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The objectives of the research were (1) to detemine which of three different 

characteristics (contrast, texture and manipulation) of a foraging substrate hem find most 

attractive, (2) to better understand the causal factors for foraging, (3) to investigate the 

extent to which locomotion is an essential component of foraging. Using substrates of 

small quartz pebbles it was shown in Experiment 1 that hem preferred manipulable to 

fked substrates. In Experiment 2 it was shown that depriving hens of the opportunity to 

forage increased the amount of foraging behaviour in a decagon runway whereas 

increasing hunger did not. In Experiment 3 it was shown that locomotion during foraging 

was easily discouraged by making hem "work" in order to move to a new section of the 

decagon runway; other elements of foraging also declined in this treatrnent. The results 

suggest that foraging is an important behaviour pattern that has causal factors dBerent 

fiom those govemhg hunger. 
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Chapter 1: Literature Review 

Introduction 

For many years, the use of battery cages has been criticized for being inhumane. 

Detractors of this housing system argue that they greatly restrict the rnovement of hens. 

They are barren, and thus they prevent birds fkom performing almost dl "natural" 

behaviour, such as foraging, nest building and dut-bathing. However, before they are 

repIaced, it is important to determine what it is about the cage that i s  inhumane, and 

precisely what alterations are needed to improve the hem' well-being. Alternative 

systems, such as  aviarïes and percheries, have been adopted in countries, such as 

Switzerland where battery cages have been banned, and although the concept may sound 

more appealing for the birds, their design is far fiom perfect (Appieby et al., 1992; 

Morgenstern and Lobsiger, 1993). These alternative systems keep very large groups of 

hens together, and with such Iarge group sizes, subordinate birds can have a drfficult t h e  

gaining access to the feeders and waterers. Aithough the fiequency of feather pecking is 

higher in cages than in aviaries and percheries, the resuits of feather pecking are much 

more serious in these systems. Because in these alternative systems a Iarge nuntber of 

hem are grouped together, an uncontrollable outbreak of feather pecking will spread 

through the entire flock, thus often leading to high mortality rates (Applely et aI., 1992). 

Because of this, it is almost a necessity to trirn the beaks of al1 the birds, a practice that is 

known to cause chronic pain (Duncan et ai., 1989; Gentle et ai., 1991). Beak ûimrnïng is 

aiso often carried out on birds housed in cages, but the necessity of it is mot as great and 



therefore beaks could be left intact on caged birds. For example, in Sweden caged hem 

are no longer beak t m m e d  at d l  (Abrahamson et ai., 1996)- 

For the reasons mentioned above, we require more research to ïmprove o u  

understanding of laying hen behaviour. If we can determine, scientifically, the 

importance of certainbehaviour for laying hem, the consequences of not being able to 

perform that behaviour, as well as the environments that are needed to perform the 

behaviour in a satisfactory way, perhaps we could create a more ideal environment for 

these birds. 

Much research has gone into investigating the importance of nest-building (e.g. 

Duncan and Kite, 1989), perching (Duncan et al., 1992) and dust-bathing (Vestergaard, 

1982), but Little attention has been paid to the significance of foraging behaviour in laying 

hem. Past research has focused more on the relation of foraging behaviour to other 

behaviour, rather than on foraging itself. For example, some recent research on foraging 

has shown that hem with the oppo&ty to scratch and peck at a substrate show lower 

rates of feather pecking and cannibalism than hem housed on wire floors (Blokhuis, 

1986; Johnson and Vestergaard, 1996; Huber-Eicher and Wechsler, 1998). Although this 

is useful infornation, we stïll lack the fimdarnental knowledge about the internal and 

extemal factors that influence the various components of foraging behaviour. What is 

needed now is a study that investigates the extent to which pecking and ground scratching 

are important to the hem themselves, and the characteristics of substrates that attract hem 

to perform this behaviour. 

Only a few studies have investigated foraging substrates, and those have found 

that peat moss and earth are the most preferred substrates for ground pecking and ground 



scratchhg (Pethenck and Duncan 1989; Keer-Keer et al-, 1996). However, it rnay not be 

feasible to use these substrates in a commercial operation because they create dust and 

pose sanitation problems. If we can determine which characteristics of substrates are 

attractive to hem, such as contrast, texture, manipulation and so on, perhaps we can find 

an ideal substrate that can elicit foraging behaviour but is also easy to manage in a 

commercial system, and is economical to use. 

Lady,  we need to better understand what behaviour patterns make up foraging. 

1s it simply pecking and scratchkg at the ground, or does locomotion also play an 

important part? 

Foraging in Red Junglefowl and fera1 fowl 

Domestic chickens are largely descended fiom Burmese Red Junglefowl (Gallus 

g d u s  spadiceus) (Wood-Gush, 1 959), which are still present in south-east Asia 

Because of their relatedness, the behaviour of Red Junglefowl can be regarded as a 

general indicator of the "natual" behaviour of the domestic fowl (Thorpe, 1965). 

Interestingly, the behaviour of domestic f ~ w l  is still very sirnilar to that of its ancestor 

(Kruijt, 1964). Domestic fowl that have been allowed to become feral show behaviour 

with striking similarities to that of junglefowl (Duncan et al., 1978). 

Dawkins (1988) observed a flock of captive-bred Red Junglefowl in Whipsnade 

Park Zoo in England and recorded their behavioural time budgets. The birds lived in an 

en-ent with some sunilarîties to their natural environment in Asia with a large 

wooded area of tdl  trees, low bushes and clearings. It was found that at al1 times of the 

year, the main part of a junglefowl's day is given over to behaviour associated with 



foraging, that is the behaviour involving the search for and intake of food (Hurnik et d., 

1995). Foraging consisted rnainly of pecking the ground and scratching in leaf Litter 

(Dawkins, 1989). Even though the birds were fed regulariy, three times a day, they still 

chose to spend a large part of their time in foraging activities. 

In another study of Red Junglefowl at San Diego Zoo, the birds were kept in a 40 

ha enclosure and some interesting observations were made on foraging and social 

behaviour (Collias and Collias, 1967). The 150 Red Junglefowl divided themselves into 

separate groups consisting of six to thiay adult birds. The individuals within a group 

foraged together, but oniy withïn a range of 55 - 75 m fion their roosting place. 

Although birds moved outside this range for other purposes, they did not forage outside 

it. Thus, social pressures rnay influence the total amount of foraging observed. 

Foraging behaviour in Junglefowl and feral fowl tends to show a diurnal rhythm. 

There is a period of intense foraging early in the day. The birds tend to return close to the 

vicùlity of the roost to rest during the warmer hours in the middle of the day. Then, in 

Iate afternoon, the flock has another foraging excursion before returning to the roost well 

before dusk, where they stay for the night. During these foraging excursions, the fiock 

may move as a group or break up into even smaller subgroups. On some occasions, an 

individual may leave and forage independentIy. These subgroups alrnost always consist 

of a dominant cock with several hem following, and one or more subordinate cocks 

trailing behind at a variable distance (Collias et al., 1966). 

The social mix of foraging birds, their age, sex and social status, affect foraging 

patterns. Extemal factors such as weather, vegetation type and risk of predation also cm 

affect foraging patterns. In a study of ferd fowl conducted by Savory et al. (1978), it was 

4 



found that non-breeding adult birds spent most of their t h e  together in a group and 

showed a high synçhronization in activities such as foraging. Typicdy, they fed in 

bouts, which were interspersed with periods of preening and resting. The Iength of these 

feeding bouts and the intervals between them varied fiom 10 minutes to an hou,  

depending mainly on the weather and time of day. The birds' feeding activity also 

depended on vegetation type, with pecking rates varying depending on the food density. 

However, on aLl types of vegefation, they pecked more at items on the ground than at 

elevated parts of plants. Scratching on the ground was most common on rough grassland. 

Incubating hem had quite different foraging patterns compared to the non- 

breeding adults. They lefi their nests for ody  about 40 minutes a day, usually in the late 

rnorning (Savory et al., 1978). When each hen left her nest, she would feed intensively 

for 15-30 minutes, sometimes with other hem, or sometimes on her own and would then 

make her way quickly back to her nest. 

Within a brood, the activities of feral chicks were highiy synchronized, and often 

their behaviour was the same as that of their dam (Savory et al., 1978). From a series of 

scanned observations made for a total of 25 hours over 6 days by Savory et al. (1978), it 

was found that chicks within a brood spent on average 53% of thek time foraging. Like 

the dam, they spent more time than average foraging on dry days, and less tirne on wet 

days. In contrast to the non-breeding adults, the chicks showed two very distinct types of 

feeding behaviour. One type was "intensive eating", and was characterized by high 

pecking rates (over 50 peckshin) and low Pace rates. The other type was "sporadic 

eatingy', characterized by low peckùig rates (less than 30 peckdmin) and high Pace rates. 

Sporadic feeding accounted for more than twice as much of the broods' time as intensive 



eating in 2-3 week old chicks. However, a few weeks later both types of eating appeared 

to account for roughly the same arnount of t h e .  It seemed to be the mother hem that 

initiated and "taught" the chicks about intensive eating. The hen wodd peck and scratch 

at a source of food and give a characteristic low c&. The chicks would respond 

immediately by clustering round the hen and pecking vigorously at the food source. 

Intensive eating appears to be directed towards more concentrated food sources, whereas 

sporadic eating involved foraging for scattered food items with the hens and the chicks 

spread out and searching individually over a wide area (Savory et al., 1978). 

There is reason to believe that birds foraging in flocks enjoy two quite different sorts of 

advantages compared with birds foraging alone. By foraging in goups, birds can reduce 

the amount of t h e  each individual spends Iooking out for potential predators but still 

Iower their risk of predation (Hamilton, 1971; Bentram, 1978; Sullivan 1984). The 

make-up of the group, however, will affect the amount of time each individual spends 

foraging due to the need for vigilant behaviour, watching out for predators and other 

possible dangers. Hem with young chicks spend the least amount of time foraging 

compared to other classes of chickens, because a larger part of a mother hem' time must 

be devoted to vigilance behaviour to protect her chicks. Chicks, on the other hand, can 

spend the most amount of time foraging compared to mother hens and roosters because 

they receive this matemal care. Roosters, like mother hem, are dso somewhat limited in 

the amount of tirne they c m  spend foraging because they give a higher prior* to 

scanning for other males intruding on their territory and for mates (Burger and Gochfeld, 

1988). 



Foraging In Domestic Fowl Raised ander Modern Husbandry Conditions 

Under naturd conditions, both Red Junglefowl and ferai fowl spend a large part of 

their day scratching and pecking at the ground (Collias and Coliias 1967; Dawkins 1989; 

Savory et al., 1978). However? in cages, birds have no access to loose material but 

instead spend a substantial proportion of their time either feeding or manipulating the 

food in the trough with their beaks. The manipulation takes two forms: food is either 

drawn towards the birds and piled up at the cage side of the trough (raking) or is flicked 

back and forth with vigorous beak movements (flicking), some of it ending up outside the 

troough and being wasted. These movements probably represent an appetitive component 

of foraging behaviour, that would normally be directed towards the environmental 

substrate and function to expose edible food items (Appleby et al., 1992). It is interesting 

that the same appetitive elements of foraging, that have evolved to expose food items, are 

shown in a situation in which al1 the food is exposed. 

Food wastage through manipulation c m  be economically disadvantageous, so a 

number of commercial techniques have been adopted to rninimize it (Elson, 1979). These 

inchde a wire grid at the level of the food, so birds have to peck through the spaces in 

order to feed; a spiral dong the bottom of the trough which prevents flicking; or 

relatively deep, narrow troughs with a shallow depth of food replenished fiequently by an 

automatic chah or other conveyor ninning in the base of the troughs (Appleby et al., 

1992). These techniques may reduce the problem of feed wastage, but they do not take 

account of the bird's possible need to express this behaviour. If performance of this 

appetitive behaviour is important to the bird, then it is possible that these waste-reducing 

methods could be a source of fhstration to the caged hem. 



Caged hem spend almost three times as long at the feeder as do hem on the floor 

with access to litter (Bareham, 1976). In a study of caged laying hens, it was found that 

birds fed ad libitum spent 39.3% of their time attending to food in the trough (Preston, 

1987). When there is no loose substrate available, hem also redirect some of their 

ground-pecking towards the feathers of other hens (Blokhuis and Arkes, 1984). In an 

experimental study, Blokhuis (1986) showed that feather pecking varies according to the 

motivation of the hen to ground peck, demonstrating that both behaviour patterns are 

controlled by a common motivational system. 

It is generally assumed that a foraging animal is trying to obtain its food as 

efficiently as possible, seeking maximum intake for minimum effort within the 

constraints of the foraging context. However, it has been shown experimentally that 

animals often prefer to forage for food rather than eat fkeely avadable identical food 

which suggests that the appetitive elements of feeding may be important in their own 

right. For example, it has been shown that when starlings (Sturmus vulgaris) were given 

the choice of obtaining rneaiworms (a preferred food item) in the most cost effective- 

manner, fiom a dish, or £iom a maximum effort method, f?om tiny holes cut in a board 

with plastic flaps on top, the starlings chose the latter way of obtiiining the food much of 

the tirne. Although the preference for obtahing food in this way, decreased as feed 

deprivation time increased, even afier 8 hours of feed depnvation, almost a quarter of all 

of their food eaten was obtauied by searching the holes (Inglis and Ferguson, 1986). 

Although an identical experiment has not been done with domestic fowl, it has 

been shown that domestic hens will "work" for food in an operant conditioning chamber 

rather than eat freely available food (Duncan and Hughes, 1972). If we assume that the 



operant response of pecking at a key is equivalent to foraging, then this is strongly 

suggestive that the performance of foraging behaviour is also very important to domestic 

fowl. 

Various other experiments using different species have found that animds prefer 

to work for food. Hebb and Mahut (1955) and Havelka (1956) showed that hungry rats 

prefer to use a long route with many blind d e y s  to reach food rather than a short direct 

route. ?2ey will also bar-press for food rather than eat identical food fiom a bowl in the 

same cage (Carder and Berkowitz 1970; Singh 1970). Pigeons also prefer to peck a key 

to obtain grain rather than eat fieely-available grain (Neuringer 1969). Also primates will 

ignore chow placed on their cage floors in favor of retrieving food fiom foraging devices 

(Beckley and Novak, 1989). 

Other evidence that supports the idea of foraging behaviour bekg important to 

domestic fowl cornes fiom preference studies. Hughes (1976) showed that hem preferred 

enclosures with Litter substrate in which they could forage rather than enclosures wi't 

wire mesh floors. Of course, this result could also be expI'ained in terms of hem being 

more corrifortable on a litter-covered floor. Hens also showed a strong preference for 

large cages as opposed to small cages when both had a mesh floor, and for Iitter rather 

than mesh when the cages were of the same size. Most interesting is b t  when given the 

choice between large cages with wire mesh floors and srnaIl cages with Iitter on the floor 

they preferred the latter (Dawkuis, 1981). This suggests that they perceive litter as more 

important than space, at least iri the context of this particular experiment. 

Management strategies for modern egg-Iaying strains often involve some degree 

of food restriction. Preston (1987) showed that resîricting the tirne caged hem had access 



to food by placing a board on top of the food trough had considerable effects on their 

behavioural time budget. Birds spent more t h e  cage pecking and trough pecking while 

unable to feed than those fed ad libitum (Preston, 1987). The activity took the form of 

rapid light pecking interspersed with sessions of sideways rubbing or nuzzling of the beak 

(not unlike beak wiping) on the board. As well, a peak in pacing behaviour occurred 

towards the end of the penod of food denid and at a t h e  when oviposition was not 

occurring, whereas birds fed ad libitum paced very little (Preston, 1987). The fiequency 

of preening activity was also ùicreased in the birds with restricted feeding. Pacing and 

preening have been shown to be symptoms of frustration (Duncan, 1970). 

Restricted access to food removes both the food and the activities that occur at the 

trough, i.e. it fnistrates both the appetitive and consummatory aspects of feeding. As a 

consequence, it appears that birds redirect some of the appetitive elements of feeding at 

the cage and at other birds' feathers and aiso engage in pacing, a symptom of severe 

frustration. In the study by Preston (1987), birds on restricted feeding spent 23% of their 

time on these three activities during the penod when their troughs were covered; this is 

much greater than the 7% of time the birds fed ad Zibihzm spent on these activities. Ln 

fact, there is a grain of comfort to be gleaned f b m  these resdts. It is that caged hem fed 

ad libitum manage to satise sorne of their appetitive feeding behaviour by playing with 

the feed in their troughs. Whether or not they are still h t r a t e d  by the absence of litter 

will be discussed later. However, there is a complicating factor in the study by Preston 

(2987) that makes interpretation of the results di££ïcult. The restricted birds codd see the 

non-restricted birds eating. Several studies have clearly shown that birds become 

frustrated if their access to the feed is blocked. The level of frustration c m  be M e r  



increased when they can observe other birds eating (Ferguson, 1968; Duncan and Wood- 

Gush, 1972). Perhaps then it was the sight of neighbors eating when they could not that 

caused the fiutration rather than the simple absence of feed (Ferguson, 1968; Duncan 

and Wood-Gush, 1 972)- 

The particular finding of the study by Preston (1987), that feather and cage 

pecking increased in caged, feed restricted birds when feed was not available, suggests 

that foraging type pecking might be re-directed to less appropnate targets when feed is 

not available. This hypothesis has received a great deal of attention recently among 

animal scientists (Blokhuis, 1986; Blokhuis and van der Haar, 1992; Norgaard-Neilson et 

al., 1993; Johsen and Vestergaard, 1996). Feather pecking is a serious welfare and 

economic problems in the egg industry, therefore any suggestion of being able to lower 

its incidence is taken very seriously (Blokhuis, 1986). 

Feather Pecking and its Relation to Foraging Behaviour 

Battery cages have been criticized for restncting the ability of hem to express 

much of their natural behaviour (Command Paper 2836, 1965). On the other hand, 

alternative housing systems (e-g. deep litter systems, percheries, tiered wire floor 

systems) have been criticized for encouraging unwauted behaviour, such as feather 

pecking and cannibalisrn. Although the fiequency of feather-pecking in cages is higher 

than in floor pens (Bessei et al., 1984; Koelkebeck et al., 1987), there is less mortality 

attributable to serious feather pecking which Ieads to cannibalism. This is likely to be 

because there are fewer flock-mates housed together in a cage system. It is suggested that 

in floor pens heavily-pecked birds try to escape from peckers and fiequently nui through 



the flock, which may attract other birds and stimulate them to chase and peck (BIokhuis 

and van der Haar, 1992). Evidently, this cannot occur in a s m d  battery cage. Moreover, 

in a large flock there may be more target birds for pecking birds to attack (Hughes, 1990). 

Beak trunming is not an acceptable solution to this problem since it causes 

chronic pain (Duncan et al., 1989; Gentle et al., 1991). Therefore, in order to promote the 

use of such alternative housing systems for laying hens it is important to understand the 

causation of feather peclcing and to i d e n e  houshg conditions that c m  help prevent or 

decrease the chance of this abnormal behaviour fiom developing. 

Although the consequences of outbreaks of feather pecking and cannibaiism in 

laying hens have tended to be more damaging in most aviary designs than in cages 

(Engstrom and Schaller, 1993; Morgenstern and Lobsiger, 1993), their occurrence is 

sporadic and unpredictable, and their causation poorly understood. It is known that there 

is an inhented component to feather pecking, and that it varies among genetic strains of 

laying hen (Hughes and Duncan, 1972; Cuthtiertson, 1980; Kuo et al., 1991). However, 

in experiments using different types of foraging materials and the same strain of hen, 

significantly different rates of feather pecking occur (Blokhuis, 1986; Johnsen and 

Vestergaard, 1996; Huber-Eicher and Wechsler, 1997). This has Ied to the suggestion 

that non-injurious feather pecking is re-direction of ground pecking when either no 

substrate, or an inferior quality of substrate, is given. 

In an experiment carried out by Huber-Eicher and Wechsler (1998) it was shown 

that the provision of long-cut straw promoted foraging behaviour in chicks of a laying 

strain and that this was correlated with reduced rates of feather pecking. It was not clear, 

however, whether it was the nutritional value of the straw that had this effect, or the fact 



that the chicks could direct some specific elements of foraging behaviour at the long cut 

straw, such as pecking, pulling, tearing and striking (Huber-Eicher and WechsIer, 1997). 

In a fouow-up experiment, the effect was M e r  analyzed by offering chicks three types 

of foraging substrate, long cut straw, shredded straw (same numtional content, diEerent 

behaviour required) and polystyrene blocks. The poiystyrene blocks had been tested in a 

pilot study and were found to be attractive to Iaying hem and elicited elements of 

foraging behaviour. The rate of feather-pecking was significantly lower in the long cut 

straw and the polystyrene block treatments than in the shredded straw treatment, leading 

to the conclusion that it was the characteristics of these materials that elicited elements of 

foraging behaviour which helped reduce the rate of feather pecking, and not the nutritive 

value of the materials. The chicks were al1 of the same breed, and al1 had been housed in 

the same type of environment prior to the experiment (Huber-Eicher and Wechsler, 

1998). 

Blokhuis and Arkes (1984), showed that pecking at flock-mates was high in 

groups of hem with a low fiequency of ground-pecking and vice-versa, and concluded 

that feather-pecking in fowls evolves as "redirected" ground-pecking. This view is not 

new: IWO earlier res~archers, Hoffrileyer (1969) and Wemrich (1975) have dso made this 

statement. 

Ground-pecking in Gallus species is part of the feeding system and is mostly 

directed at edible material, although the tendency to peck at inedible objects rernains high 

throughout life (Kruijt, 1964). Redirection is the term applied to the transfer of behaviour 

fiom the stimulus that nonnally elicits it, to an alternative stimulus. Redirection may 

occur when some factor inhibits the animal's response toward the eliciting stimulus, and 



an identical response is then directed toward the alternate stimulus (Hufnik et al., 1995). 

With regard to ground pecking, redirection may be described as the process resulting in 

ground-pecks being directed to objects other than particles on the ground (Blokhuïs, 

1986). It implies at the same time that these redirected pecks, as well as the original ones, 

are still under the control of the feeding system (Blokhuis, 1986). This being so, 

redirected ground-pecks and original ground-pecks will share causal factors (Blokhuis, 

1986). 

Blokhuis (1986) designed an experiment to test this hypothesis. The motivation 

for ground-pecking was varied experimentally in groups of hem and the changes in the 

ftequency of pecking at flock-mates was observed. Hem were housed in pens with litter, 

and pens without any litter, and placed on a restricted feeding schedule. The hens were 

observed prior to being fed and after being fed. Frequencies of ground pecking increased 

after feeding in both the Iitter and non-litter housed hem. Frequencies of pecking at 

flock-mates after feeding, however, only increased in the groups of hens housed without 

litter, while there was no change in the fiequency for the groups of hem housed with Iitter 

(Blokhuis, 1986). 

It might be possible to describe the process involved in the redirection of ground- 

pecking in terms of incentive motivation heory (Bindra, 1969). This theory States that 

the tendency to perform a pareicular behaviour is increased by both interna1 factors and 

external incentive stimuli. In relation to Blokhuis' experiment, the hem housed with 

Iitter were aroused by an external incentive stimulus - the presence of litter. As litter was 

absent in the groups of hens housed on slatted floors, their extemal incentive stimuli were 

the feaîhers of their pen-mates, and to a certain extent the slaîted floor. The kequency of 



feather pecking in the groups housed without litter did not M y  cornpensate for the 

difference in ground-pecking between the litter and no-litter group. This is explained by 

the relatively low incentive value of feathers compared to litter (Blokhuis, 2986). 

However, a relatively low ground-pecking fiequency points to a low incentive-vaiue of 

the slatted floors, and this holds the risk that, in cornparison to a slatted floor, feathers 

have a relatively high incentive-value, which may act synergistically with a specific 

interna1 motivation to cause feather pecking. 

It is also known that birds have preferences for pecking at certain colours, such as 

blue-violet and orange-red and that contrast between colours elicits pecking as well. In 

an experiment by Savory and Mann (1997), it was found that hens with brown plumage 

were much more feather-pecked than the hem with white plumage. They suggested that 

the contrast of the white wood-chips against the brown plumage was the reason for the 

excess feather pecking damage on the backs of the hem with the brown plumage. This 

provides us with some information about the best type of foraging substrate to give laying 

hem. Sy providing hem with a substrate of a preferred colour, or that has a nch contrast 

to the floor but not to their plumage, greater levels of ground pecking and scratching 

could be elicited. 

Most laying hens nowadays have been beak trimmed. Although a part of their 

beak has been removed, their motivation to forage by pecking rem&. In a study by 

Blokhuis and Van Der Haar (1992), it was concluded that beak trimming does not 

change pecking preferences. However, beak trimming may change the degree of 

satisfaction a bird motivated to peck achieves, as the pecks are now forced to be much 

lighter because of the chronic pain (Duncan and Kite, 1989). There is substantial 



evidence indicating that by providing foraguig substrate for beak intact laying hem fiom 

hatching onward results in the birds using the substrate to ground peck in, and a 

simiificant decrease in the amount of feather pecking being expressed (Vestergaard, 1982, 

Blokhuis and van der Haar, 1992; Noorgard-Nielsen et al., 1993). Thus, incorporating 

foraging substrate into the birds environment rnay eliminate the need for the beak 

W g  procedure. 

How important is the performance of foraging to domestic fowl? 

It has been shown that nesting behaviour, the appetitive phase that precedes egg- 

Iaying, is extremeIy important to hem (Duncan and Kite, 1989; Follensbee et al., 1992)- 

The question being asked here is "how important is foraging behaviour, the appetitive 

phase that precedes ingestion, to hem?". An animal that has consumed sufficient food to 

meet nutritional requirements rnay stiU need to pedonn appetitive food-searching 

behaviour. In the case of laying hem in cages, food is usually available ad libifum and 

the consummatory phase of feeding can be performed al1 the tune, but the performance of 

the appetitive phase may be restricted. 

Within the feeding systern, there is evidence for some degree of autonorny of 

appetitive behaviour and its uncoupling fiom consummatory aspects. Morgan (1974), 

has described a number of examples in which appetitive feeding responses continue In 

satiated animais, suggesting that appetitive behaviour shows some resistance to satiation. 

These examples indicate that it is diacult to suppress the appetitive sequences of 

behaviour associated with a motivationai state, particuiarly as the strength of the 

underlying motivation increases (Rushen et al., 1 993). 
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When appetitive components of feeding behaviour are misskg animals often 

exibit several different behaviour patterns which have been suggested as indicators of 

frustration, including vacuum activities, redirected activities, displacement activities and 

stereotypies (Duncan and Wood-Gush, 1 972; Dawkins, 1 983). 

Hughes and Duncan (1988) have argued that many stereotypies involve 

appetitive sequences which the animal must perform even if their performance is 

unnecessary to achieve functionai goals. They aiso suggest that activities such as 

appetitive foraging can have a positive feed-back and increase the strength of the 

underlying motivational state. 

It has been shown in several experiments that hem fed a pelleted diet show more 

stereotypic behaviour such as cage-pechg and feather-pecking than do hens fed food in 

mash f o m  (Savory and Mann, 1997). Pelleted food is more concentrated, and thus 

requires much less tirne to consume than mash. Savory and Mann (1997) argue that 

consuming a pelleted diet does not ailow sufficient opportunitty for the expression of a i l  

the appetitive elements of feeding and this leads to stereotypic cage and feather-pecking. 

Hem housed in cages and fed ad libitum are at an advantage compared with caged 

birds on a restncted feeding schedule because the ability to perform some food related 

behaviour is still possible. Birds on an ad libitum treatment spent on average 39.3% of 

the tirne attending to food in the trough (Preston, 1987). However, the energy intake of 

the birds on the ad libitum treatment did not Vary fiom the energy intake of birds on the 

restricted feed treatment, indicating that the behaviod efficiency of feeding must be 

different. Ad libitum fed birds "played" with food more and induiged in highly selective 



eating, while birds on the restricted feeding treatment had approximately 39% extra time . 

for redirecting into non-feeding activities during the period when no food was given. 

Birds on the restricted feeding treatment spent 23% of their time stereotype cage- 

pecking, feather-pecking and pacing during the penod when their troughs were covered. 

Because these activities have been associated with a state of hstration in many other 

experiments (Blokhuis and Arkes, 1984; Blokhuis, 1986; Huber-Eicher and Wechsler, 

1998)' it is apparcnt that these three behaviour patterns are not equivalent to normal 

appetitive elements of feeding. Birds on the ad libitum treatment spent 7% of their t h e  

on these activities (Preston, 1987). Although this does not provide evidence that a trough 

full of food provided ad libitum can completely satisfy a hen's motivation to forage, it 

does suggest that if certain aspects of foraging behaviour can be expressed, such as 

flicking and raking the food with the beak, the incidence of activities indicative of 

fhtration decreases. The question then becomes, is there any evidence that intensively 

housed laying hens are motivated to perform behaviour patterns the full expression of 

which is limited by environmentai constrains? 

Hens without substrate but on an ad libitum mash feeding schedule still exhibit 

stereotypic cage and spot-pecking (Preston, 1987; Hughes and Duncan, 1988). Spot- 

pecking occurs when a bird repeatediy touches the tip or side of the beak to a particular 

spot, either on itseif (feet, feathers) or to some object within the cage (bars, perch, water 

or food @ou&). Although the incidence of these stereotypies is lower than in birds on a 

restricted feeding schedule or birds that are fed pelieted food, the behaviour is still 

observed, suggesting that the motivation to forage may not be fully satisfied. This 

behaviour is repetitive, stereotyped and persistent because it has become divorced fiom 



its fûnctional consequences. The occurrence of a sttereotyped ~ a t e d  response in an 

inappropriate context suggests the £hstration of an ethologid "need" (Hughes and 

Duncan, 1988). 

Other experiments with similar results to Prestmn's study add additional support to 

the argument that hem depnved of foraging matenal are h t ra ted .  In an experiment by 

Blokhuis (1986), it was observed that hem increase feather pecking when housed on 

wire-slatted floors at times when control hem housed on Iitter showed increased ground 

pecking behaviour. Hughes and Duncan (1988) also found that hem housed in barren 

environments show repetitive pecking behaviour, which has no apparent h c t i o n  and is 

stereospical. Blokhuis and Arkes (1984) reported that hem without access to litter spend 

a significant greater amount of t h e  pecking at the food trough and at flock-mate's 

feathers than hens housed with litter. 

Scratchhg with the feet is dso part of the appetitive component of feeding 

behaviour. Hem that must wait for their feed (i.e. Eeed restncted birds) can develop 

scratching behaviour. In fact, this scratching behavionrr is so predictable and reliable it 

has actually been taken advantage of by advertking people who have created an exhibit 

called "the dancing chicken". After depositing a coin imto a juke-box Iike machine, a hen 

appears, steps onto an 18 inch slightly raised disc, thereby closing a timer switch, and 

scratches vigorously, round and round, over the &SC Eor 15 seconds until an automatic 

feeder operates (Breland and Breland, 1961). This giwes the impression that the hen is 

"dancing" to the music, when really she is vigorously. expressing one of the appetitive 

elements of foraging behaviour; ground scratching. Ln a controlled experiment by 

Breland and Breland (1961), domestic fowl were conditioned to stand on a platform for 



12 - 15 seconds to await a food reward and over 50% developed a very strong and 

pronounced scratch pattern which increased as the tirne interval was Iengthened. 

The importance and relevance of appetitive feeding behaviour is also seen in 

many other species. Canaries housed in barren environments with concentrated feed 

developed high rates of spot pecking, but when they were then made to work for their 

food by extracting it fkom seed bells, spot pecking was significantly reduced (Morgan, 

1974). Raccoons trahed to pick up coins and deposit them in a metd box in exchange 

for a food reward failed at the test because they had a great deal of Gouble releasing the 

coins. They spent seconds, even minutes, rubbing the coins together and dipping thern 

into the container. The raccoons were demomtrating 'tvashing behaviour", which may 

result for example, in the removal of the exoskeleton of a crayfish (Morgan, 1974). 

Blood taken fiom a satiated rat injected into a deprived rat depressed food intake 

but not the appetitive performance of feeding, suggesting that the biood factors 

responsible for reducing intake do not behave as motivational variables in the sense that 

they mod* the effort expended in obtaining food. This M e r  explains the autonomy 

between the appetitive and the consumatory components of feeding behaviour in animais 

(Morgan, 1 974). 

There are a number of feed-related behaviour patterns that can be expressed by 

birds housed in standard cages with a full feed trough, but some that cannot be expressed, 

such as scratching, locomotion, tearing, shredding and pulling. It is likely that these 

aspects of foraging behaviour are important to the hem, and the inability to p e ~ o r m  them 

properly rnay be what causes the stereotypic behaviour described by Morgan (1974), 

Biokhuis (1986), Preston (1987), and Hughes and Duncan (1988). Huber-Eicher and 



Wechsler (1997) have conducted studies lookuig at which materials best elicit a full range 

of food-related behaviour. They have found that the more feed-related behaviour a 

material can elicit, the fewer the incidences of redirected behaviour and stereotypies that 

occur (see Chapter 1, page 13). 

The relationship between foraging behaviour and cage-pecking, spot-pecking and 

feather-pecking pecking strongly indicates that it is the prevention of foraging behaviour 

that is the cause of the-stereotypies and redirected behaviour. The evidence suggests that 

denying the hen the opportunity to engage in al1 the elements of appetitive feeding results 

in a state of b a t i o n  - and that frustration leads to stereotyped cage-pecking, spot- 

pecking and feather-pecking. 

From the knowledge gathered so far, it seems likely that complete expression of 

foraging behaviour is important to hens, but more research needs to be done to measure 

how important. Dawkins (1983) has suggested a method for evduating the importance of 

behaviour to animais that may be useful for measuring a hen's motivation to forage. 

Dawkins has applied consumer demand theory and reinterpreted behavioural "needs" 

using the economic definition of necessities. cWecessities" are items that continue to be 

bought when income is reduced anci contrast with "luxuries", the consumption of which 

is reduced. Thus, some behaviour patterns may be the equivalent of necessities, tending 

to appear even when constraints are imposed- Others may be the equivalent of lwnuies 

and appear only when constraints are absent. The former are said to show "inelastic 

demand" and the latter "elastic demand". Elasticity of a behaviour pattern can be 

measured experimentaily by imposing constraints, such as limiting the total time 

available to perform all activities, or by making the animai work in order to obtain an 



environment in which it can perform the behaviour pattern (Hughes and Duncan, 1988). 

Hughes and Duncan (1988) agree with Dawkins that behaviour shodd be 

regarded as a luxury to the extent that it shows elasticity. However, they point out that 

this method for evaluating the well-being of intensivel'y housed farm animals, such as 

battery caged Iaying hemy would be wrong. Hughes and Duncan have extended 

Dawkins' idea to cover the elasticity of behaviour when subjected to extension of time, 

In other words, if anhïals are kept in barren environments in which essential maintenance 

activities can be performed in a very short t h e ,  it is crucial that some of the behaviour 

they can perform is elastic, in order to fdl the available tirne. It may be that animais have 

a strong tendency to perform certain activities when much time is available in order to 

maintain, for exarnple, an optimal ievel of arousal (Webb, 1955; Leuba, 1955). Thus, 

using the methods described above, foraging may in certain experiments give the 

impression of being a luxury and fairly elastic compared with other behaviour, whereas in 

fact, it might be a necessity for rnaintainïng welfare under certain husbandry conditions. 

Can foraging behaviour be encouraged in housing systems? 

Several investigators have examuled the effects of incorporating "pecking 

devices" into cages for laying hem, such as 10 cm long green plastic rods, shoe laces, and 

plastic "Agro-Toys". In general, these ideas have failed with the hens either becoming 

habituated to the pecking devices, and even htrated with them (Sherwin, 1993; 

Lindberg and Nicol, 1994). These pecking objects may go wrong by providing a source 

of arousal that may increase birds' pecking levels without redirecting the pecking towards 

the actual pecking object, but rather towards each other. The lack of positive feedback 



fiom the objects may reduce the attractiveness of the device, but the increased arousal and 

fhstration can lead to aggressiveness to penmates (Lindberg and Nicol, 1994). These 

devices are designed to be '?oys" for the hem, and are very ofien based on what human 

beings think would be attractive, rather than on scientific testing of the preference of the 

bird itself. Instead of providing hem with toys, a better solution wodd be to provide 

them with appropriate material such as substrate to forage in, dust to dustbathe in and 

nesting material with which to build a nest with. In other words, to be successful, it 

shodd be designed to suit t l e  natural behaviour of an animal (Markowitz, 1982; McGrew 

et al., 1986; Shenvin, 1995). However, if pecking devices are to be used, most current 

investigations indicate that these pecking objects need to be complex and destructible or 

manipdable, or associated with food or w-ater in order to maintain their attractiveness for 

pecking (Sherwin, 1 993). 

In intensive housing for laying hens, feed does not require to be looked for or 

prepared (e.g. breaking a seed free fiom its sheil, or pulling at a worm fiom its hole). 

Thus, foraging, a factor that normally has a major impact on the daily behavioural 

repertoire of the animal hm been eliminated. Because of this, food searching and 

preparation becomes an excellent area for enrichment (Beckley and Novak, 1989). 

In a study by Sherwin (1995), sphencal objects were placed in the feed troughs of 

caged Iayers. The idea was to simdate generd ground-litter, thus promoting more 

normal foraging activiw. These spheres wouid give the hens the opportunity to sort 

through edible and inedible particles with their beaks, an activity not normally available 

to caged hens. Videotape analysis showed that the hem fkequently pecked at the balls, at 

adherent particles and at- feed directly under the balls, even when there was ample trough 



space to feed without such hindrance. The results fiom this experiment showed that 

caged layers had a p d d  preference to feed f?om troughs containing multiple enrichment 

objects (the bah)  simulating ground-litter. Shenvin concluded h m  his experhent that 

brightly coloured spherical objects are a promising method of successful environmental 

enrichment for caged laying hem because they are inexpensive, przictical and appear to 

satisfi, at least partially, a hen's motivation to forage or "work" for her food. 

Other studies designed to stimulate foraging have used operant feeders, making 

the animals peck at a disk or walk through a beam in order to receive food. ïhese operant 

devices have been variable in their success. If they are not carefdly designed, they often 

result in the hem becoming habituated to them (Lindberg and Nicol, 1994). Operant 

feeders are also risky to use with birds housed in gmups, for ofien a single bird will 

defend the operant feeder against intruders by chasing them away (Lindberg and Nicol, 

1994). 

Although operant feeders, brightly coloured "toys", and objects placed in the food 

trough have had some success in allowing the birds to perform a limited amount of 

appetitive feeding behaviour, the best success has been when birds are housed with a 

foraging substrate, such as peat moss, straw or wood-chips (Blokhuis and van der Haar, 

1992; Keer-Keer et al., 1996; Sanotra et al., 1995). The success of using substrate is 

likely attributable to its similarities to what a bird would £ïnd in a naturd situation. In 

addition, the hen c m  probably perfom the same mixture of appetitive behaviour on a 

substrate as she could in a naturai environment (Dawkins and Beardsley, 1986). 

The environment i~ which 'the substrate 

important. The simple presence of a substrate may 

is presented to the birds rernains 

not satise their motivation to forage 



because space may be an issue as weU. The limited amount of space intensively reared 

hem are given could restrict their ability to forage since locomotion is always observed in 

conjunction with pecking and scratchhg (Dawkuls, 3989). If foraging material is 

provided but with limited space, probierns rnay persist in regards to the hen's motivation 

to forage. Hurnik and Keeling (1996) found that social facilitation acts more on the 

appetitive phase of feeding behaviour than the consumatory phase, thus a foraging 

substrate tray with room for ody  a couple of birds to forage in may actuaIly hs tmte  the 

hem who can only watch. After conducting a restricted feeding study, Preston (1987) 

suggested that the motivation for hem to forage was increased by the sight of their flock- 

mates foraging, and that if prevented fiom foraging they appeared fkstrated. The ability 

for d birds to forage through substrate on the grouud at the same time may prove to be a 

necessary factor to successfully encourage foraging behaviour into an intensive operation. 

There are stili many questions remaining about encouraging foraging behaviour in 

laying hen housing systems. What type of substrate is best to use? At what age do we 

offer substrate to the birds, and should the substrate type change as their bodies develop 

and mature? M a t  are proper management techniques to keep the substrate clean? 

There is evidence suggesting that foragoing substrate should be provided f?om day 

1 of age. Vestergaard (1 982) and BIokhuis and van der Haar (1 992) both agree that there 

is an early sensitive period, during which the experience -or the perception of the litter 

materid as a suitable substrate makes it possible for the bird to recognize material at 

which to direct foraging behaviour and dustbathing later in Me. This may be similar to 

the concept of environmental imprinting (Hansen and Braastad, 1994). Birds, which 

were not given substrate during the early sensitive period, showed a higher 1eveI of 
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not given substrate during the early sensitive period showed a higher level of feather 

pecking than those which did receive substrate. Vestergaard (1982) and Blokhuis and van 

der Haar (1992) argue the reason for this is that the bùds which were deprived of litter 

during the early sensitive penod imprinted on each others' feathers whereas the birds 

housed on litter during their early sensitive period imprinted on the litter substrate. Hess 

(195Q also described a sensitive period for food irnprinting which ranged from 2-5 days 

afier hatching. Chick which were given food of a certain colour during the ikst days of 

hatching have been s h o w  to prcfer the sarne colour even several months later. Thus, it 

appears that we need to provide litter materid stamng with day-old chicks to encourage 

the "imprinting" on litter substrate as opposed to on each other's feathers. 

However, feather pecking and cannibaiism are often observed in aviaries, in 

which there is litter to which foraging could be directed. Perhaps a reason for this, is that 

chicks arriving at the aviary, often corne fiom rearing facilities where they have been 

housed on wire flooring. It has been s h o w  that the provision of sand and peat during the 

hrst 14 days of life reduces the feather damage in laying hem kept in the alternative 

system known as the "Hans-Kier System" (Norgaard-Nielsen et al., 1993). Therefore, if 

these alternative systems are to work both economically and behaviourally, it is important 

that newly-hatched chicks are housed on appropriate substrate that provides a higher 

incentive value than neighbour's feathers. 

In spite of the evidence just discussed, there is still a lot of debate on whether or 

not litter is important to laying hens because results fiom some studies are contradictory. 

In a study by Dawkins . and Beardsley (1 986), results showed that hem will choose a 

small cage with litter over a large cage without litter, but would always choose a cage 



with food i d  no litter over a cage with Litter and no food, even when the birds were 

satiated. On the other hand, Duncan and Hughes (1972) showed that hens will "work" 

for food rather than eat fkeely available food and Inglis and Ferguson (1 986) found that 

starhgs preferred to forage for food, even if fieely available food was present. It has 

been suggested by Petherick and Duncan (1989) that perhaps these contradictory results 

have to do with the variation in the type of litter used in these experiments, Petherick and 

Duncan (1989) criticiie authors for not providing details of the composition, age and 

stage of degradation of the litter. Litter is often just stated as "litter", without ever 

mentioning the particular type (Dawkins and Beardsley, 1986). Therefore, close attention 

must be paid to the type of litter used, because not all litter will elicit foraging behaviour 

to the same extent, and it is likely that not all litter is equally attractive to birds. Huber- 

Eicher and Wechsler (1998) raised another point regarding the appropriateness of 

substrates being used. They suggested that birds should not only be provided with litter 

that elicits a variety of elernents of foraging behaviour, but that the features of this litter 

may have to be changed as the birds grow and mature. 

Apart fiom the intake of food, ground pecking is also an exploratory behaviour, 

serving to gather information Wood-Gush et al., 1959). Thus, different qualities of the 

ground (particles) such as visud, tactile or gustatory feedback signals, long-term effects 

of ingestion, as well as novelty, may al1 play a role in directing the birds' pecking to the 

ground. Thus, the quaiities of a substrate material are important to consider in order to 

successfbily encourage proper foraging behaviour. 

In a study of Blokhuis and van der Haar (1 992), two types of substrates, straw and 

grain, were used to increase the incentive of the ground for pecking. Although the groups 



provided with straw ground pecked ana scratched more than the control group, and 

showed the same trend towards better plumage as did the groups with straw was 

much less effective than grain in stimulating ground pecking. Factors like gustatory 

feedback or nutritive value may be more influentid in a substrate like grain. But this is 

not to Say that substrate provided to hem in aviary-type housing has to be edible. The 

lesson learnt fkom this experiment may simply be that a substrate which has more 

qualities/versatility is preferred to a s u b s ~ t e  with fewer of these qualities. However, the 

straw by itseif was still able to elicit foraging and decrease feather-pecking, and the 

practicality of using a straw substrate instead of a grain substrate in a commercial 

situation may indeed make straw a better choice. 

Petherick and Duncan (1989), having commented on the Iack of substrate 

description in other experiments, ran their own experiment designed to investigate the 

effect of the type of substrate on ground pecking, ground scratching and dustbathing. 

Four trays were placed in each pen of birds, each tray containing a different substrate 

type: dry unsifted peat moss, dry unsifted builders' sand, dry sawdust and dry wood 

shavings. For scratching, the peat and wood-shavings were used most. Most ground 

pecking took place in the peat, with little difference between the other three substrates. 

Peat was the most attractive probably because of its high organic content. Wood- 

shavings were also attractive probably because the birds had been reared on it (Petherick 

& Duncan, 1989). Borchelt and Overmann (1 974), suggested that taste sensations rnay 

play a role in substrate selection. If so, then the earthy taste of the peat rnay have been 

another contributhg factor for its use for food searching behaviour such as pecking and 

scratching. The number of pecks performed in peat, wood shavings and sand showed 



patterns of increase over time. This is an example of how an enrichment that best 

imitates the "naturalf' environment, and dlows for the proper expression of "natural" 

behaviours, is the most successfüi, and will not resdt in the birds becoming habituated. 

There are obvious problems with incorporating peat into large commercial 

operatiom, the most evident being the amount of d u t  created fiom this particdar 

substrate. A compromise may have to be made, between substrate type and management 

considerations. Studies are needed that can M e r  tease apart the characteristics of a 

substrate that make it appealing to hens in order to detennine the most appropriate 

substrate to use on a commercial level, and in various types of aitemative housing. 

Several studies have analysed the key stimuli required to elicit ground pecking by 

domestic fowl. Young chicks prefer to peck at oval objects about the size of wheat 

gains, roughly 5rnm in length (Engelmann_ 1941,1942; Fantz, 1957; Goodwin and Hess, 

1969). This preference is maintained afier intensive unrewarded pecking (Fantz, 1957). 

The preferred colours are blue-violet or yellow-red (Hess, 1956; Fischer et al., 1975), i.e. 

colours which deviate h m  the green part of the specbnim. Hens share this preference 

with chicks but can also enjoy pecking at objects larger than 5mm in length. 

A preference for srnaIl, elliptic and dark objects is not only related to eating of seeds. In 

nature, invertebrate prey seems to be especially important for the young chicks which 

have a higher protein requirement than addt hens (Scott et al., 1978), and many 

invertebrates are small and elliptical. 

This information suggests that a possible foraging substrate for use in alternative 

husbandry systems to battery cages could be small, Ioose pebbles. They are rnanipulable, 

5-25mm in diameter, are elliptic and da& they c m  easily be cteaned, are very 
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economical, can be reused, and can easily be prevented fkom reaching drains where other 

substrate might cause blockage. 



Chapter 2: Experiment 1 

An Investigation into the attrsctiveness of Substrate Characteristics to 

the Laying Hen for Ground Pecking and Scratching 



Abstract 

For each of the two concurrently run replications of the test, 18 Black deKalb 

pdlets were used. This SM of bird was chosen because it is a commercial strain and 

black feathered birds could be much better seen on videotape than codd brown or white 

feathered birds. The pullets were divided into three groups of six. Each group was 

housed in a wire floor pen, with two trays for foraging substrate placed on the floor. 

Three dif3erent methods of presenting a pebble substrate were tested for foraging 

behaviour. Type A consisted of glued on clusters of pebbles, Type B consisted of glued - 

on pebbies covering the entire bottom of the tray, and Type C consisted of loose pebbles 

covering the entire bottom of the tray. The experirnent took place over a three week 

period. On the £bt day of each week, the foraging type combination changed, so that by 

the end of the third week, dl possible combinations were presented to each group of hem 

(e.g. A B  BC AC). The pullets were video taped for signs of ground pecking and ground 

scratching in the foraging trays. 

The pdlets exhibited the greatest amount of ground pecking in the trays with the 

Ioose pebbles (type C), followed by the tmys with the glued on clusters of pebbles (type 

A) and the least amount in the trays that had glued on pebbles covering the entire bottom 

(type B) (Friedman's test Px0.005). 

The pullets performed the greatest amount of ground scratching in the trays with 

the loose pebbles (type C), followed by the trays with glued on pebbles covering the 

entire bottom (type B), and the least amount in the trays with glued on clusters of pebbles 

(type A) (Friedman's test 0.01<P<0.025). These results show that a substrate that is both 



rich in texture and manipulable, such as loose pebbles, is the preferred substrate 

characteristic for ground pecking and scratching by laying hem. 

The average percent of time the puilets spent on ground pecking exposed to 

treatment AB was 5.61%; to treatment BC, 5.35%; and to treatrnent AC, 11.45%. The 

average amount of time pullets spent on ground scratching exposed to treatment AB was 

0.1 1 %; to treatment BC, 1.58%; and to treatment AC, 0.54% (see Table 2.2). 

Keywo rds: foraging, ground pecking, ground scratching, hen behaviour, w e k e  



Introduction 

A number of studies have shown that access to litter is important to hem in order 

for them to express foraging behaviour (Blokhuis, 1986; Dawkins and Beardsley, 1986; 

Dawkins, 1989; Petherick and Duncan, 1989; Huber-Eicher and Wechsler, 1998). In 

addition, litter is thought to help reduce the incidence of feather pecking because it 

increases the incentive value of the ground compared to the feath& of neighbouring 

hens. However, as Petherick and Duncan (1989) clearly pointed out, authors have been 

very negligent in specifying the type of substrate used in their studies, as weil as its age, 

composition, and stage of degradation. If foraging substrate is to be used in commercial 

housing operations, then an appropriate substrate m u t  be identified. Obviously 

management considerations need to be acknowledged. It is weii laiown that peat mosç is 

a bird's preferred substrate for dustbathing (Petherick and Duncan, 1989; Keer-Keer et 

al., 1996). However, dust levels are very difficult to control with peat moss, and the 

environment c m  become unpleasant for both the birds and the human caretakers when air 

qudiiy is decreased. Some substrates seem better at eiiciting foraging behaviour than 

others, but there is a dearth of systematic investigation on this topic. There needs to be 

identification of the general substrate characteristics that hem h d  appealing for foraging 

in, and then these required to be tested for manageability. Substrates that are easiest to 

manage may not be the best to elicit foraging behaviobr. Similady, substrates that are 

best at eliciting foraging behaviour may be too difficult to manage. Thus, a compromise 

may have to be made. 



In this experiment, it was decided to use a pebble substrate. The pebbles were of 

quartz and were shiny, light yellow in colour with brown streaks. Although the shape of 

the pebbles were variable, they were ail rounded, They varïed in size fiom 5 to 25 mm in 

diameter. The pebbles, therefore, had at least some characteristics known to be attractive 

to hem eg.. they were particdate and yellow/brown in colout. The pebbles were offered 

to the birds in trays, but the methods for presenting the pebbles cfianged so that three 

main characteristics could be analyzed for preference. Contrast was tested by gluing on 

clusters of pebbles ont0 the darkly painted tray, texture was tested by gluing on pebbles 

over the entire bottom of the tray and manipulation was tested by placing Ioose pebbles 

over the entire bottom of the tray. 

Pebbles may prove to be a suitable substrate to manage, as they are easy to keep 

clean, they are economical and c m  be reused, and their size prevents them fiom posing a 

dogging problem in the drainage systems. If pebbles are used as a foraging substrate for 

laying hem, then this study wiU determine the best way to present them to the birds. If 

the pebbles prove to be difncult to manage, this study will still help in identi£jhg which 

of three characteristics of a substrate are most appealing to hem to forage in, which can 

then be applied to a manageable substrate. 



Materials and Methods 

The birds used in this study were females of the Black deKalb s e ,  were 4 

weeks old at the start of the experiment and were not beak-trimmed. Two replicates were 

conducted concurrently, with 18 birds in each replicate, giving a total of 36 birds used for 

this study. The 18 birds were divided into three groups of six, and each group was 

housed in a wire floor pen, measuring 1 .O6 rn X 1.22 m. Each pen had one 1 Ocm (depth) 

X 50cm (length) X 12cm (width) metal feed trough, one beU drinker, as well as m o  

wooden trays with different foraging substrate types in them. Each of these trays 

measured 60 cm by 45cm and had a 2crn high lip round the edge. The codiguration of 

each pen is shown in Figure 2.1. The feed trough was covered with a wire grid mesh to 

prevent the birds fiom performing foraging in their feed trough. The temperature in the 

room varied fiom 18-2 1' C, and was monitored daily. The Iighting schedule was 10 

hours light: 14 hours dark, with Iights being switched on at 10:OOh and off at 20:OOh. 

The birds were fed a chick starter feed ad libitum. The three dserent types of foraging 

substrate were Type A: clusters of pebbles glued to the floor of the tray; Type B: pebbles 

covering the entire floor of the tray and glued to it; Type C: loose pebbles covering the 

entire floor of the tray. These three foraging substrates are shown in Figure 2.2. The 

experiment lasted three weeks. Each week, a different pair of foraging substrates was 

presented, so that by the end of week ùiree, each pen had received every pair combination 

of foraging substrate (AB BC AC). The three possible pair combinations were presented 

to the three pens of pullets over three weeks according to a 3x3 Latin square. 



The trays were only in the pens dutùig daylight hours and were removed at night 

to prevent the birds roosting on the tray edge. The birds were videotaped during the 10 

hour light penod for the £kt four days of each week. For the r emaihg  three days of 

each week, no trays were placed in the pens, as a way of reducing =y cary-over effect to 

the following week, when a new foraging substrate combination would be presented to 

the birds. 

Observations and Statistical Analysis 

Two behavioural categories were recorded: ground pecking and ground 

scratching. 

Ground pecking 

A bird was considered to be ground pecking if it directed pecks at the pebbles in 
the tray while standing or walking. Pecks to other objects in the pen were not 
recorded. 

Ground scratching 

A bird was considered to be ground scratching when, in a standing posture, it 
supported its weight on one feg and made vigorous backward strokes with the 
other. 

The videotapes were scanned every three minutes to obtain an instantaneous 

behavioural sample for two 2-hour periods each experimental day. The two-how time 

periods were selected such that al1 tirnes of the day were sampled equally. Every three 

minutes when the videotape was paused, the nurnber of birds perfomiing either of the two 

behaviour patterns was recorded, dong widi the foraging substrate type to which the 



behaviour was directed. It wsts not the number of pecks or scratches that was noted, but 

rather the number of birds engaged in those activities that was recorded every three 

minutes. 

With the help of a SAS program, the weekly average number of puilets observed 

ground peckiag and ground scratching in each substrate type per treatment was calculated 

(see Table 2.1). The grand averages (over ail three weeks) of each individuai substrate 

type were then ranked and subjected to Friedman's non-parametric test (Freund and 

Wilson, 1997). 

Fortunately, there were no mortalities during the experiment, and thus did not 

create a problem with any data analysis. 

Results 

The number of birds directing ground pecking at the various substrates is shown 

in Figure 2.3. The ranking order of C,A,B for ground pecking is significant (P<O.005), 

with "C" being the most preferred substrate, and "B" being the least preferred. The 

number of birds ground scratching at the various substrates is shown in Figure 2.4. nie 

ranking order of C,B,A for ground scratching is significant (0.018<0.025), with "C" 

also being the most preferred and "B" being the l e s t  favoured. The average percent of 

time the pullets spent on ground pecking exposed to treatment AB is 5.61%; to treatment 

BC, 5.35%; and to treatment AC, 1 1.45%. The average amount of time pullets spent on 

ground scratching exposed to treatment AB is 0.1 1%; to treatment BC, 1.58%; and to 

treatment AC, 0.54%. 



Discussion 

The results of this experiment show that, even when food.was fi-eely available in a 

trough, pullets spent time foraging elsewhere in their environment. In addition, they 

showed preferences 

experiment the two 

scratching occurred 

for the type of substrate in which to carry out this foraging. In this 

main components of foraging, namely ground-pecking and ground- 

most fkequently in Type C (the loose pebbIe substrate). Since the 

o d y  difference between this substrate and the fixed pebble substrate was the fact that the 

pebbles could be moved, it must be concluded that being able to move the pebble was 

rewarding. It is interesthg that, although ground pecking and ground scratching involve 

very dif5erent motor patterns, they were both performed more fiequently on the loose 

pebble substrate. 

It has been shown in other experiments that birds prefer pecking at objects with 

contrast (Braastad, 1990) and this may exphin why substrate A was preferred over B for 

pecking. The light coloured clusters of pebbles against the dark coloured tray provided a 

rich contrast. However, being able to move the pebbles took preference over the contrast 

of the fixed pebble clusters. However, substrate B was prefened over substrate A for 

ground scratching, and it can only be specdated that scratching ciusters of glued pebbles 

resulted in some discornfort. 

A similar experïment, by Huber-Eicher and Wechsler (1998) examined which 

substrates elicited more foraging behaviour. It was found that when the birds were given 

a choice between long-cut straw and shredded straw, they performed significantly more 

foraging behaviour with the long-cut straw. A foiIow up experiment using the same birds 



was then conducted, this time offerhg the birds polystyrene blocks and polystyrene 

beads. In this case, the blocks eIicited a greater amount of foraging behaviour. From 

these experiments, the two researchers stated that the importance of the form of foraging 

material was confirmed; those materials that could elicit a greater range of foraging type 

behaviour, were preferred by the birds. Whereas both types of straw can elicit pecking 

behaviour, the long cut straw can in addition elicit pulling, teaRng and shredding. 

Likewise, polystyrene blocks eiicit a wider range of foraging behaviour including 

shredding and ripping than do small beads of polystyrene. Therefore, if a foraging 

substrate is to be incorporated into new alternative housing systems, attention must be 

paid to the type of mate~al/substrate used, and the quantity offered, and also to how the 

material is presented and to what form it takes. If straw is used, then it should be left 

uncut, rather than being shredded. If pebbles are to be used, then leaving them Ioose on 

the ground would seem to be the appropriate method. 

The birds were engaged in ground pecking more ofien tfim in ground scratching, 

and although this imitates foraging patterns in ~un~lefowl,  the size of the trays may have 

had some effect. The size of the foraging trays were large enough for dl bWs to peck at 

at the same tirne, as they could easily stand out of the tray and peck b i d e  of the tray, 

however, not al1 six birds could comfortably scratch in the tray at the same tirne. There is 

evidence that social facilitation acts on the appetitive phase of feeding behaviour (Hurnik 

and Keeling, 1996), and thus because space was lirnited diis may have blocked certain 

pullets of the group fiom scratching alongside the others. Furthermore, there is some 

evidence that birds require a certain arnount of space between one another while engaged 

in foraging (Savory et al., 1978; Faure, 1991). 
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~ig&e 2.1 Arrangement of a group fie& showing a feeder, a perch, 
a water bel1 and two substrate trays (in this p hotograph substrate A 
is seen on the left and substrate C on the right). 



Figure 2.2 The three types of substrate trays each meamring 1 -22m x 1.06m Type A 
consias of clusters of pebbles glued to the tray, type B consists of pebbles glued over the 
entire surface of the tray and type C consists of loose pebbles covering the surface of the 
tray. 



Su bstrate type 

Figure 2.3: Average number of p d e t s  per group of six observed 
ground pecking in each of the substrate types every 3 minutes. The 
rank order of C-A-B is significaut (P4l.005). 

Su b s t r a t e  t y p e  

Figure 2.4: Average number of pullets per group of six observed 
ground scratching in each of the substrate types every 3 minutes. 
The rank order of C-B-A is significant (0.0 l<P<O.O25). 



Table 2.1 
Weekly average number of pullets found ground pecking and ground 
scratching in each substrate type per treatment 

Week Treatment GPA GSA GPC GSC GPB GSB 

GPA = ground pecking in substrate A 
GSA = ground scratching in substrate A 
GPB = ground pecking in substrate B 
GSB = ground scratching in substrate B 
GPC = ground pecking in substrate C 
GSC = ground scratching in substrate C 
N/A = not availabte 

0.445 
N/A 
0.375 
0.215 
0.265 
N/A 
NIA 
0.205 
0.295 

O 
N/A 
O 

0.005 
0.005 
NIA 
NIA 
O 

0.005 

1 
1 
1 
2 
2 
2 
3 
3 
3 

AB 
BC 
AC 
AC 
AB 
BC 
BC 
AC 
AB 

N/A 
0.46 
0.41 
0.45 
NIA 
0.495 
0.415 
0.405 
N/A 

N/A 
0.095 
0.07 
0.055 
N/A 
0.12 
0.055 
0.04 
N/A 

0.235 
0.15 
N/A 
NIA 
0.29 
0.085 
0.125 
N/A 
0.19 

O 
0.01 
N/A 
N/A 
0.01 
O 

0.005 
N/A 
O 



Chapter 3: Experiment 2 

EHects of Food and Su bstrate Deprivation on Foraging Behaviour in 

Laying Hens 



Abstract 

The objective of this experiment was to examine the effects of food deprivation 

and foraging litter deprivation on ground peckhg and scratching levels and locomotion. 

Sixteen birds fiom the flock of birds used in Experiment 1 were used for 

Experiment 2. They were assigned at random, eight birds to Group A and eight birds to 

Group B. The groups were tested on altemate days. The birds fiom a group were housed 

in pairs in four cages 24 hours pnor to being tested. There were four treatments with one 

cage allocated to each treatment. The treatments were: litter present, food present; litter 

present, food absent; Iitter absent, food present; litter absent, food absent. 

Each pair of hens was subjected to each treatment once according to a Latin 

Square Design. After 24 hours the hem were tested individudy by placing ?hem for 10 

minutes in a decagon ninway with 10 trays of loose pebbles (substrate C) covering the 

runway floor. The amount of t h e  spent ground pecking or ground scratching, and the 

distance w&ed in the decagon runway were recorded by an observer sitting in the 

rniddle of the ninway. 

The depnvation of litter was the only significant treatment (Pc0.05) that 

influenced their behaviour. The hem spent an average 2.34 minutes pecking/scratching 

and waIked for 7.62111 when not deprived of litter compared with 3.69 minutes and 

1 1.34rn when deprived. 



Introduction 

It is generally agreed that foraging substrate is important to hem (Hughes, 1976; 

Dawkins, 198 1 ; Blokhuis and Arkes, 1984; Blokhuis and van der Haar, 1992; Keer-Keer 

et al., 1996). When given a foraging substrate, hem exhibit variow types of foraging 

behaviour, such as ground pecking and ground scratching. But is foraging behaviour 

solely about pecking and scratching? We know that certain substrates, such as long cut 

straw, can eIicit more foraging behaviour than shredded straw because of the greater 

repertoire of foraging behaviour that is possible on this substrate, such as tearing (Huber- 

Eicher and Wechsler, 1 997). Pol ystyrene blocks elicited significantly more foraging 

behaviour than did polystyrene beads for the same reasons. The provision of foraging 

materiais that elicit not only pecking but also other beak-related behavioural elements 

(pulling, tearing, shredding, striking) result in an increase in foraging behaviour, and a 

decrease in the rate of feather-pecking (Huber-Eicher and Wechsler, 1997). 

There is some information avdabIe about-the substrate qualities that best elicit 

foraging, but what remains to be examined, is whether locomotion is an important, or 

even necessary, part of foraging behaviour. In a study by Dawkins' (1989), hdings  

showed that the main part of a junglefowl hen's day is given over to behaviour associated 

with food - pecking and scratching in leaf litter. These results inspired a number of 

ethologists to study the importance of foraging behaviour to laying hem. However, most 

ethologists failed to pay attention to another aspect of behaviour that was also observed 

for a large part of the day in Dawkin's study - namely locomotion. In 60.6% of d l  

minutes of daylight observation, hem were seen to be ground pecking, in 34.1% they 

were observed to be ground scratching, and in 61% they were observed walking. These 



behaviour categones overlapped, and thus the junglefowl were ofien engaged in 

locomotion while per£orming the other two components of foraging. 

Caged hens that are able to express a limited amount of pecking and scratching by 

playing with their food in the trough and scratching while at the feeder may still show 

some syrnptoms of hstration (Preston, 1987; Hughes and Duncan, 1988). This 

fiutration may be due to the prevention of the full expression of foraging behaviour. The 

obvious candidate that is being prevented is locomotion (Blokhuis, 1986; Kuber-Eicher 

and Wechsler, 1997). Locomotion is commonly seen in feral and junglefowl but is 

severely restricted in modern hens in battery cages. It is therefore possible that 

locomotion is an important component of foraging behaviour. 

The importance of locomotion to the laying hen requires investigation because 

currently, many countries are replacing standard battery cages for laying hem with 

modified cages (EIson, 1979). Although modified cages provide the hen with much more 

fieedom to perform a variety of natural behaviour, they may still be too restrictive for the 

expression of foraging. Some modified cages are equipped with a dust-bathing tray with 

substrate, which may also serve to satisfy some ground pecking and scratching, however, 

the size of the tray completely resaicts the iocornotion that normdly accompanies 

fo raging . 

The following experiment was designed to measure the importance of locomotion 

as a component of foraging behaviour. 



Materiais and Methods 

Sixteen hens were selected at random fiom the flock of 36 hens used in the first 

experiment, to take part in this experiment. They were assigned at random, eight birds to 

Group A and eight birds to group B. The hens were about 8 months old when the 

experiment started. Hens of both groups lived with the larger flock in an aviary when 

they were not being tested. Birds fkom Group A and Group B were tested on alternate 

days. 

Four treatments were applied in a Repeated Latin Square Design. The treatments 

were (P) litter non-deprived, food non-deprived, (FD) litter non-deprived, food deprived, 

(LD) litter deprived, food non-deprived; and (LFD) litter deprived, food deprived. Four 

large wire cages, 60cm (width) x 90cm (length) x 65cm (height), were placed on the floor 

of the aviary in which the larger flock of hens was living. Each cage had a water trough, a 

food trough and a perch. Each cage represented one of the four treatments. Two of the 

cages had litter and two had only bare wire as flooring. The litter used in the cages was 

the same as that present in the aviary, a mixture of wood shavings and straw about lOcm 

in depth. 

The hem were fed a diet suited for the nutitional needs of layers, in mash form, 

ad libitum. Twenty-four hours before they were due to be tested hens of one Group were 

placed in pairs in the four wire cages according to the Latin Square Design. Every day at 

10:00, six hours before testing, the food troughs were removed fiom the two food 

deprived treatments. Six hours of food deprivation was chosen based on fïndings in other 

experiments which illustrated that six hours induced hunger in domestic fowl (this will be 

discussed in greater detail on pages 54-55). As well, the six hour time period allowed the 



lighting schedule of 10 hours light and 14 hours of dark to remain unchanged, thus not 

becorning a factor that may influence their foraging behaviour. Testing the birds in the 

afternoon rather than in the moming avoided the problem of egg laying motivation 

interfering with foraging motivation in the substrate trays, as egg laying is rarely 

observed in the afternoon, but rather in the morning. 

In another room, a wooden decagon runway was constructed (set: Figure 3.1). On 

the floor of the decagon were IO trays containing loose pebbles identical to substrate C 

trays used in Experiment 1 (see Figure 2.1). 

Each hen had two-ten minute exposures to the runway before officia1 testing 

began, to let them become familiar with and not f e m  of the runway by the t h e  

recording started. Group A and Group B hens were tested on alternate days, which meant 

that it took 8 days for al1 to be tested- To prevent any order effect on the results, the hem 

were tested in the same order each day. Each hen was tested individually by carrying her 

fkom the large wire cage where she had spent the previous 24 hours to the decagon 

nuiway. The hen was placed in the runway and the amount of time she spent scratching 

and peckùig in the substrate and the distance she walked during the 10 minute test period 

were recorded. Once a hen and her cage mate had been tested individudly, they were 

released back into the aviary and two hens fiom the other group were placed inside the 

now empty cage for 24 hours until the next day's testing began. A week after each group 

was finished being tested, the experiment was repeated using the same hens. Each of the 

four pairs in a Group was subjected to each of the four conditions according to Latin 

Square design. 



Observations and Statistical Analysis 

The observer sat in the middle of the decagon to observe the hem and recorded 

the behaviour on sheets of paper with the aid of a stop watch. The number of substrate 

trays the hen visited and the duration of bouts that included scratching and/or pecking 

were recorded. Locomotion between trays, both backwards and forwards, was only 

considered to be related to foraging behaviour if the hen was pecking while moving, or 

had her head tilted downward towards the loose pebbles. Locomotion when the hen's 

head was erect or locomotion while the hen was vocalizing was not recorded as part of 

foraging. Distance walked was calculated by multiplying the length of each foraging tray 

(60 cm) by the number of foraging trays t-isited by the hen while engaged in pecking. 

Afier ten minutes, the hen was placed back in the aviary and the next hen was released in 

the decagon nuiway and observed. 

The experiment design was a Repeated LSD. An ANOVA table was constmcted 

by hand for both pecking/scratching time (see Table 3.1) and locomotion distance (see 

Table 3.3)- An orthogonal contrast was then performed for both the pecking/scratching 

time ANOVA (see Table 3.2), and the locomotion distance ANOVA (see Table 3.4) 

Results 

Both ANOVA tables, for pecking/scratching and for locomotion, showed that 

treatment effects were significant Thus, an orthogonal contrast was needed for each 

ANOVA table. The results of the orthogonal contrasts were that the depnvation of litter 

was the only significant factor (P<0.05) that influenced their behaviour. More time was 



being spent in the litter deprived treatment in pecking and scratching and longer distance 

being walked in the litter deprived treatment. The hem spent on average 2.34 minutes 

pecking/scratching and walked for 7.62m when not deprived of Litter compared with 3.69 

minutes and 1 1.34111 when deprived (see Figure 3.2 and 3 -3). 

Discussion 

Foraging is the behaviour involving the search for and intake of food. Considering 

that the underlying function of foraging is to locate food one might have expected that 

food deprivation wouid increase foraging. Results fiom this experiment showed that it 

was the deprivation of substrate, as opposed to the deprivation of food, that resulted in the 

increase of ground pecking, scratching and locomotion by the hem. The fact that food 

deprivation did not increase foraging requires an explanation. 

Perhaps the six hours of food deprivation was not long enough to induce hunger 

in the birds and thus increase their motivation t O forage for food. This explanation can 

be rejected, as six hours of food deprivation is known to be long enough to induce hunger 

in birds. Hens normally feed very fiequentiy throughout the day, with inter-meal 

intervals of more than one huur being very unconunon (Duncan et al., 1970). The design 

and results of several experiments, al1 using food deprivation to measure motivation, heip 

to v e m  that six hours of food deprivation is indeed a long enough time period to 

increase motivation to seek food (Dawhs and Beardsley, 1986; Nicol and Guilford, 

199 1). In one experiment, set up to examine the reinforcing properties of access to litter 

in hem, the birds showed a preference for a srna11 cage which they could barely turn 

around in but had litter, over a much roomier cage but with no litter inside (Dawkins and 



Beardsley, 1986). These results illustrate the value hens place on access to litter 

compared to space. However, when the same hem were faced with the choice between a 

litter-floored cage without food and a wire-floored cage with food, the hens chose the 

wire-floored cage with food except when they were not deprived of food at d (Dawkins 

and Beardsley, 1 986). Even after only one hour of food depnvation the birds chose the 

cage with food pellets. Another experiment exarnining exploratory behaviour showed 

that hens that had been deprived of food for only three hours spent a significantly greater 

amount of time performing "searching" or exploratory behaviour in a tunnel than hens 

that had not been deprived of food (Nicol and Guilford, 1991). This increase in 

exploratory behaviour was thought to reflect the birds' hunger and motivation to h d  

food. Thus, six hours of food deprivation is indeed long enough to induce hunger in the 

birds. 

It appears that a more plausible explanation for the current resdts is that the 

performance of foraghg behaviour is important in itself and is not based on hunger. In 

the case of domestic fowl, it appears that the appetitive and the consummatory 

components of feeding have become separated. Appetitive behaviour is the exploratory, 

ingestive, goal-seeking phase of behaviour that nomally precedes consunmatory 

behaviour that occurs when the goal is reached and the food is ingested (Hughes and 

Duncan, 1988). Hughes and Duncan (1988) have suggested that perhaps during 

domestication the appetitive and consummatory behaviour of feeding behaviour have 

split, so that the two have completely different causai effects. So, dthough a domestic 

hen may always be M y  satiated, it is only her motivation to engage in the consummatory 



component of feeding that is satisfied; her motivation to engage in the appetitive 

components of feeding may be extremely strong and unfulnlled. 

In feral or wild conditions, hem would have to forage in order to survive, as food 

was not always available in a reliable and fiee way (Savory et al., 1978). Although 

artificial selection has created genetic differences between domestic hem and their 

ancestors, some patterns which first evolved in junglefowl have remained almost 

unchanged in domestic hem, presumably because they are widespread and stable in the 

genotype and there has been no selection against them (Appleby et al., 2992). Foraging 

behaviour was not selected against, and appears to rernain stable in the genotype. 

The results on locomotion fiom this experiment illustrate that a hen, if given free 

access, will walk long distances while pecking and scratching. Although dl treatment 

cages were of the same size (equally restrictive in the ability to locomote), locomotion 

was signincantly higher in those birds that had been depnved of foraging substrate, 

indicating that locomotion may be an important part of foraging behaviour. The birds 

that had been deprived of substrate appeared to be more motivated to express foraging 

behaviour; this consisted of an increase in ground pecking, ground scratching and 

locomotion. 

It is also interesting that those birds that were housed with foraging substrate 

present still foraged in the pebble substrate when released into the decagon runway, 

although Iess than those birds that had been deprived of substrate. An explanation for 

this may be because their motivation to forage was only partially satisfied. They were 

able to peck and scratch in their cages, but adequate locomotion while pecking and 



scratching was prevented. Another explmation may be the noveity of a difZerent type of 

substrate found in the runway compared to the substrate found in their cage. 

The present snidy suggests that the importance of waIking while foraging shouid 

now be investigated by seeing whether hem will pay a cost for the opportunity to wak. 

1 would like to thank the Ontario Ministry of Agriculture, Food and Rural Affaùs 

for their hancial support. 1 am also grateful to Dr. Ian McMillan for his statistical 

guidance. 



Figure 3.1 Part of the decagon mnway used in Experïment 2 showing the trays with 
Ioose pebbles, a hen foraging and the seat in the centre fiom where observations were 

taken. 



P FD LD LFD 

Treatment 

Figure 3.2: Average amount of t i m e  hem spent foraging becking and 
scratching at the pebbies) while in the decagon runway for 10 minutes. P 
= pen-like environment @oth litter and food offered), FD = food deprived, 
LD = litter deprived, LFD = litter and food depnved. Peckinglscratching 
values for treatments where litter was not provided are significantly 
greater than for treatments where litter was provided (P<0.05). 



P FD LD LFD 

Treatment 

Figure 33: Average distance walked by hem in metres while 
pecking/scratching in the decagon runway for 10 minutes. P = pen- 
like environment (both iitter and food were offered), FD = food 
depnved, LD = litter deprived, LFD = litter and food deprived. 
Locomotion values for treatments where Litter was deprived are 
significantly greater than for treatments where litter was provided 
(P<0.05). 



Table 3.1 
Analysis of Variance Table for Experiment 2- foraging time 
(pecking and scratching) 

Source Degrees of Sum of Squares Mean Square F Value Pc 
Freedom 

Squares 3 97049.0 32349.7 1 -4 02658 

Rows within squares 12 289486.3 24 123 -9 1.1 0.4414 

Columns within squares 12 204 185.3 17015.4 0.7 0.7020 

Interacnon of treatment 9 95299.0 10588.8 0 -5 0.887 1 
and squares 
Error 24 6370 19.1 26542.5 

Table 3.2 

Orthogonal contrast for foraging time 
(pecking and scratching). 

Contrast Degrees of Contrast Sum of Mean Square F Value Pc 
Freedom Sauares 

Feed 1 82297.3 82297.3 3.6 0.0709 

Interaction between Iitter 1 
and feed 

* = significant at 0.05 confidence IeveI 



Table 3 3  
Analysis of Variance Table for Experiment 2 - tocornotion. 

Source . Degrees of Sum of Squares Mean Square F Value Pc 
Freedom 

Squares 3 220.6 73 -5 0-7 0.5440 

Rows within squares 12 5049.3 420.8 4.2 0.0014* 

Columns within squares 12 1516.4 126.4 1.3 0.3050 

Treatments 3 2643.9 881.3 8.8 0.0004* 

Interaction of treatment 9 884.0 982 0.9 0.4839 
and squares 
Error 24 2486.0 103.6 

Table 3.4 
Orthogonal contrast for locomotion. 

Con trast Degrees of Contrast Surn of Mean Square F Value Pc 
~ r k d o m  Squares 

Liner 1 2475.1 2475.1 24.6 0.0001* 

Feed 1 

interaction between Iitter 1 
and feed 

* = significant at 0.05 confidence IeveI 



Chapter 4: Experiment 3 

Effects of Food Deprivation, Substrate Deprivation and an Obstruction 

on Foraging Behaviour in Laying Hem 



Abstract 

The objective of Experiment 3 was to M e r  examine the importance of foraging 

by having the birds "pay" a "cost" to forage . Sixteen birds took part in this experiment 

(the same birds as had been used in Experiment 2), and were randomly assigned to a 

group, eight birds to Group A and eight birds to Group B. The groups were tested on 

altemate days. The birds Erom each group were housed in pairs in cages 24 hours prïor to 

being tested. There were four treatments with one cage allocated to each treatment. The 

treatme~ts were: substrate present, food present; substrate present, food absent; substrate 

absent, food present; substrate absent, food absent, 

The 10 minute test penod involved pIacing one bird at a time in a decagon runway 

with 10 trays of loose pebbles (substrate C) covering the runway floor, and thick, clear 

plastic sû-ips hanging from the top of each of the 10 angles of the decagon. It is known 

that hem do not like the feeling of brushing up or pushing through materid, therefore, if 

birds continued to scratch, peck and waik even with the plastic strips, it couid be 

suggested that hens are motivated to carry out these behaviour. 

The amount of time spent pecking/scratching, and the distance covered in the 

decagon m w a y  while pecking and scratchhg were recorded. The deprivation of 

substrate was the only significant treatment (p<0.05) that influenced their amount of 

pecking/scratching behaviour, it increased fiom 1.23 minutes (litter present) to 2.43 

minutes (litter deprived). The treatments had no significant effect on locomotion. 



In traduction 

In the previous experiment it was shown that domestic hem would engage in 

foraging behaviour if given the opportunity. It ,was dso  shown that locomotion formed a 

substantial part of this foraging. We now need to h o w  how important the performance 

of foraging is to them. Operant conditioning techniques can be used to assess how hard 

animals are prepared to "work" to gain access to a reward (Dawkins, 1983), but there are 

constraints on leamhg that make it nsky  to draw too firm conclusions fiom these types of 

experiments. For example, Dawkins and Beardsley (1986) found that hem could not 

l e m  to key-peck or ogerate a foot treadle in order to gain access to litter. An alternative 

method for measuring how hard animals are willing to work, which may be more 

appropriate for testing the importance of foraging, was devised by Duncan and Kite 

(1989). They measured the motivation of hens to gain access to various rewards by 

seeing if they wodd overcome obstacles placed between the hem and their goal. 

In the previous experiment, hens deprived of a foraging substrate performed more 

ground scratching and ground pecking and walked more than hem not depnved of a 

foraging substrate. This suggests that expressing the appetitive component of feeding 

may be iniportant in itself (H~ghes and Duncan, 1988), and that this appetitive 

component appears to consist of ground pecking, ground scratcbing and locomotion. 

Locomotion appeared to be important to hem deprived of substrate because they covered 

an average distance of 1 1.34m in Experiment 2. However, we cannot W y  conclude 

that locomotion is a "need" because we have not examined the actuai value hens place on 

locomotion. Although much research has explored the importance of ground pecking and 

gmund scratching (Hughes, 1976; Dawkins, 198 1; Blokhuis and Arkes, 1984; Blokhuis 



and van der Haar, 1992; Keer-Keer et d., 1996), there has been iittIe effort to rneasure the 

importance of locomotion. 

Rather than using a weighted push-door, as suggested by Duncan and Kite (1 989), 

it was decided to hang clear plastic curtains at each angle of the decagon runway. These 

cuaains wouid act in the sarne way as a push-door in that the hem would be able to see 

what was on the other side and would be able to gain access to the other side by pushing 

through the curtain. Moreover, whereas the push-door was one-way, the curtains allowed 

movement in both directions. Domestic fowl do not like mything touching their body- 

surface, and so pushing through the curtains is to some extent aversive and a measure of 

motivation (Duncan and Petherick, 1991). Thus, if the hem continued to walk and 

pushed through the curtains whde ground pecking and scratching, it could be concluded 

that locomotion is an important component of foraging. 

Materials and Methods 

The sarne sixteen hem were used in this third experiment as had been used in 

Experiment 2. They were assigned to the same two groups of eight, Group A and B. The 

hens were approxirnately 10 months of age at the start of this experiment. The hem had 

been housed in an aviary since the end of Experiment 2. 

The same wooden decagon nuiway, housed in the adjacent room to the aviary, 

was used as had been used in Experiment 2. The floor of the nuiway consisted of 10 

substrate trays d l  with loose pebbles in them. Clear plastic strips 50mm wide and 3mm 

thick were hung fiom wooden stnits placed at the top of each of the ten junctions of the 

decagon mway (see Figure 4.1). These plastic strips hung down to the lip of the 



foraging trays, and extended the width of the ninway, with the exception of a l O O m m  

"vision hole" in the midde of the board, where two strips were absent- 

Four treatments were applied in a Repeated Latin Square Design. The treatments 

were (P) Iitter non-deprived, food non-deprived (FD) litter non-depriwed, food deprived 

(LD) Iitter depnved, food non-deprived; and (LFD) litter deprived, food  deprived. Four 

large wire cages? 60cm (width) x 90cm (length) x 65cm (height) were placed on the floor 

of the aviary in which the larger flock of hens was living. Each cage had a water trough, a 

food trough and a perch. Each cage represented one of the four treatments. Two of the 

cages had litter and two had only bare wire as flooring. The Iitter used in the cages was 

the same as that present in the aviary, a mixture of wood shavings and stsaw about lOcm 

in depth. 

The hem were fed a diet suited for the nutritional needs of layers, in mash form, 

ad libitum. Twenty-four hours before they were due to be tested, hens of one Group were 

placed in pairs in the four wire cages according to the Latin Square design. Six hours 

before testing, the food troughs were removed fiom the two food deprïved treatments. 

Group A and Group B hem were tested on alternate days, thus it took 8 days for 

al1 to be tested. To prevent any order eEect on the resuits, the order o f  testing remained 

the same each day. Each hen was tested individually by canying her £ k m  the large wire 

cage where she had spent the previoüs 24 hours to the decagon runway. The hen was 

pIaced in the ninway and the amount of tirne she spent scratchhg and  pecking in the 

substrate and the distance she walked during the 10 minute test perimd were recorded. 

Once a hen and her cage mate had been tested individually, they were released back into 

the aviary and two hens fkom the other group were placed inside the now empty cage for 



24 hours mtil the next day's testing began. A week after each group was finished being 

tested, the experiment was repeated using the same hem. 

Observations and Statistical Analysis 

The observer sat in the middle of the decagon to observe the hens and recorded 

the behaviour on sheets of papa with the aid of a stop watch. The number of substrate 

trays the hen visited and the duration of bouts that included scratchhg andor pecking 

was recorded, Locomotion between Wys, both backwarcls and fomards, was ody  

considered to be related to foraging behaviour if the hen was peckulg while moving, or 

had her head tilted downward towards the Ioose pebbIes. Locomotion when the hen's 

head was erect or locomotion while the hen was vocdizing was not recorded as part of 

foraging since it was more likely that the hen was fearfbl at these times and was not 

foraging. Distance wallced was cdculated by multiplying the length of each foraging tray 

by the number of foraging trays visited by the hen whiIe engaged in pecking. After ten 

minutes, the hen was placed back in the aviary and the next hen uras released in the 

decagon mway and observed. 

The experimental design was a Repeated Latin Square. An ANOVA table was 

constructed by hand for both pecking/scratching time (see Table 4.1) and Iocomotion 

distance (see Table 4.3). An Orthogonal contrat was then performed for 

pecking/scratching time (see Table 4.2). 



Results 

The ANOVA 

Ho wever, treatments 

table for iocomotion showed that treatments were not sigrificant, 

were significant in the ANOVA table for pecking/scratching, and 

thuç an orthogonal contrast was needed. Results from the orthogond contrast showed 

that the deprivation of substrate was the only significant factor (P<0.05) that influenced 

the amount of pecking/scratching behaviour. More time was being spent in the subslrate 

deprived treatments pecking and scratching. The hens spent on average 1.23 minutes 

when not deprived of substrate compared with 2.43 minutes when deprived of subsnate 

(see Figure 4.2). The depnvation of substrate did not significantly increase the amount of 

locomotion expressed by the hens. The hem walked on average 3.39 metres (see Figure 

4.3). 

Discussion 

More ground pecking/scratching occurred when the hens had been deprived of 

substrate for 24 hours compared to when they had not been deprived. However, the 

deprivation of substrate did not signincantly increase the amount of Iocomotion 

expressed by the hem, and the overall amount of locomotion was less than in Experiment 

2 when no obstruction was present. Locomotion @oth forward and backward) was stiil 

observed, with hem walkuig an average distance of 3.39 metres during the ten minute 

testing penod, thus pushing through on average 5.3 curtains. 

Although the birds that had been deprived of foraging substrate foraged more in 

the test than did birds that were not depnved of substrate, the overall amount of foraging 

was much less than in Experiment 2. Even though these results from the hvo experiments 

68 



cannot be compared directly, it seems likely that this ciifference was due to the curtalns. 

Because the birds did not push through many cumins in order to walk M e r ,  this may 

suggest that Iocomotion is not a behaviour important in itself, However, because the 

overall amount of ground pecking and ground scratching also decreased (see Figure 4.5), 

this indicates that locomotion may be an important component of foraging. We know 

fkom other experiments that foraging behaviour is important in itself (Duncan and 

Hughes, 1972; Blokhuis and Arkes, 1984; Dawkins, 1989) Iocomotion now becomes an 

important factor which must be considered, because foraging levels seem to be dependent 

on the hens' ability to walk about. 

In this experiment in which the hen was made to ccwork" to engage in locomotion 

while ground pecking/scratching, it appears that the motivational level to waik while 

pecking/scratching was actualIy quite low as compared to such behaviour as nest building 

(Follensbee, et al., 1992). A simple obstruction appeared to reduce the amount of 

Iocomotion considerably. This contrasts with the motivation of hem in the pre-laying 

period to reach an environment in which they can nest-build. Follensbee et al., (1992) 

showed that hem would work extremely hard to gain access to a nest site. Cautioc must 

be exerted however, when interpreting these sorts of results and an understanding of the 

nature of locomotion, gound pecking and ground scratching must be understood. 

Foraging is not a behaviour that has extreme high peaks of motivation, as does nest- 

building and anti-predator behaviour. Therefore, in experiments where the hen is made to 

'kork" (e.g, to pass through an aversive obstruction), the moderate and stable nature of 

ground pechg ,  ground scratching and locomotion motivation will create moderate 

resdts compared to the resuits of testing the motivation of "urgent" behaviour. It must be 



acknowledged that short term choices made in response to an immediate need may not 

reflect the animal's long term preference (Dawkins, 1983). For example, hem about to 

lay have such a saong motivation to seek out nests that they will enter trap-ne= even 

when the consequence is that they will have no food and water for the next 24 hours 

(Duncan, 1978). If tested just before laying, they choose the nest; tested d e r  laying, they 

choose food and water. In Experiment 3, a similar type of experimental method was 

used to test locomotion while foragïng and it appeared that hem may be only prepared to 

pay a relatively 'ïow" cost. However, udike with nesting behaviour, hens are consistent 

with theK payments in order to forage, as seen in Experiment 3. This suggests that 

locomotion is an important part of foraging behaviour to hens. 

There are several explanations for why locomotion is an important component of 

foraging behaviour. Sherwin (1995) reported that when using simple and/or predictabie 

environmental enrichment techniques a rapid habituation was observed in laying hem. 

Although this has yet to be tested, it would seem likely that providing a hen with only a 

modest amount of submate in a small space would lead to the habituation of the substrate 

because it too would become a predictable environment. Locomotion enables a hen to 

explore new areas, thus providing her with greater stimulation. 

Huber-Eicher and Wechsler (1997) reported that material that can elicit a variety 

of different beak related activities are more successful at encouraging foraging behaviour 

and reducing feather pecking than material without these properties. Perhaps this can be 

extended to include not just beak-related behaviour, but al1 behaviour that influences 

foraging levels. In this experiment, results illustrate that locomotion is another activity 



that effects the level of foraging behaviour. Therefore, space to waIk may be as 

influentid as matend type on the level of foraging behaviour expressed. 

Locomotion enables a hen to peck and scratch at new objects, as well, it allows 

her to explore new space in which to forage in without being disturbed by others. Within 

groups, the spacing of birds varies with the activity that they are eng~ged in, and it has 

been obsemed that they are usually spread out while foraging (AppIeby et ai., 1992). 

This is a mechanicd effect, because pecking and scratching result in a certain separation, 

but it is also thought to be partly a social effect, as sometimes one bird approaching 

another provokes aggression or retreat (Appleby et al., 1992). 

Hansen and Braastad (1994) examined the effect of rearing density on pecking 

behaviour and plumage condition of Iaying hem in two types of av ides  and reported the 

importance of keeping floor space equal for dl density groups to avoid the problem of 

ground pecking being related to the time taken to explore the litter area. In their 

experiment, they found that chicks raised in low density housing ground pecked more 

during the rearing and laying period than chicks raised in high density housing. It would 

be interesthg to run Experiment 3 again, but place a few hem at the same time in the 

decagon m w a y  to see if their motivation to engage in locomotion wodd increase to 

reduce the density. 
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Figure 4.1 A bird's eye level view of the decagon ninway used in Experiment 3 
showing the thick, clear, hanging plastic strïps with a hen on her way to push through. 



Figure 4.2: Average amount of t h e  hem spent foraging (pecking and 
scratching at the pebbles) while in the decagon runway with aversive 
obstnictions for 10 minutes. P = pen-like environment (both food and litter 
offered), FD = food deprived, LD = litter deprived, LFD = litter and food 
deprived. Pecking/scratching values for treamients where litter is not 
provided are significantIy greater han for treatments where litter was 
provided (Pc0.05). 



P FD LD LFD 
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Figure 4.3: Average distance waiked by hem while in the decagon 
ninway with wersive obstructions for 10 minutes. P = pen-like 
environment (both litter and food offered), FD = food deprived, LD = Iitter 
deprived, LFD = litter and food deprived. Treatments are not significant. 



LFD 

Figure 4.4: Cornparison between locomotion results of Experiment 2 (no 
obstruction) m d  Experiment 3 (with obstruction). P = pen-like 
environment (both litter and food offered), FD = food deprived, LD = Iiter 
deprived, LFD = litter and food depnved. 
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Figure 4.5: Cornparison between pecking/scratching results of 
Experiment 2 (no obstruction) and Experiment 3 (with obstruction). P = 
pen-like environment @oth food and Litter offered), FD = food deprived, 
LD = litter deprived, LFD = litter and food deprived. 



Table 4.1 
Analysis of Variance TabIe for Experirnent 3 - foraging time 
(pecking and scratching). 

Source Degrees of Sum of Squares Mean Square F Value Pc 

Freedorn 

Squares 3 16305.2 5435.0 0.8 0.5 100 

Rows within squares 12 185154.1 L 5429 -5 2.3 0.0439* 

Colunins within squares 12 I08681.I 9056.8 1.3 0.2703 

Treatments 3 353226.1 1 1 7742.0 172 0.000 1 * 
interaction of treahment 9 532265 59 14.1 0.9 0.5698 
and squares 
Error 24 26844.6 1 1  18.5 

Table 4.2 
Orthogonal contrast for foraging time 
(pecking and scratching)- 

Contrast Degrees of Contrast Sum of Mean Square F Vaiue P-= 
Freedom Squares 

Litter 1 336400.0 3s 6400.0 49.1 0.000 1 * 
Feed i 12825.6 1 2825-6 1.9 0.1841 
interaction between litter 1 40000.6 40000.6 0.6 0.4524 
and feed 

= signifiant at 0.05 confidence leveI 



Table 4.3 
Analysis of Variance Table for Experiment 3 - locomotion. 

Source Degrees of Suai of Squares Mean Square F Value Pc 
Freedom 

Squares 3 486.7 162.2 8.6 O-OOOS* 

Rows within squares 12 1 188.4 99.0 5 -2 0.0003 * 
Columns within squares 12 178.9 14.9 0.8 0.6568 

interaction of treatment 9 170.4 18.9 1.0 0.4648 
and squares 
Error 24 453 -3 18.9 

* = significant at 0.05 confidence IeveI 



Chapter 5: Conclusion 

There are two main pieces of evidence suggesting that hem are strongly motivated 

to forage. nie f~st of these is that hens wili choose to show foraging behaviour even in 

the presence of fieely available food (e.g. Duncan anci Hughes, 1972). This finding 

suggests that foraging may be a motivational system in its own nght and not controlled 

only by hunger, since, in the presence of fieely available food hunger cm easily be 

satisfied. Ln fact, the performance of foraging behaviour in these circumstances, at fïrst 

analysis, appears to be maladaptive and a waste of energy. The second piece of evidence 

is that if hem are kept in environments in which there is no substrate at which to direct 

foraging behaviour, then several types of stereotyped pecking appear, such as spot- 

pecking, cage-pecking and feather-pecking (Duncan, 1970; Blokhuis, 1986 and Appleby 

et al., 1992). Stereotyped behaviour is indicative of severe fiutration (Duncan and 

Wood-Gush, 1972) and its occurrence suggests that when foraging behaviour is 

prevented, frustration resurts. 

This thesis attempts to answer some remaining questions about foraging 

behaviour. These questions are (i) Which characteristics of a substrate do hens find most 

attractive? (ii) Can foraging motivation be manipulated separately f?om hunger 

motivation? (üi) 1s locomotion a component of foraging behaviour? (iv) If locomotion is 

a component of foraging, how important is it? 

The main findings fiom the experirnents described in this thesis are as follows: 



Substrates which can be picked up, md moved are preferred over ones that are 

fixed in place. T~LIS, manipulation appears to be an important critena of a 

suitable foraging substrate. 

The small pebble submate used in the experiments for this thesis, successfully 

elicited foraging and thus may be a suitable substrate to use commercially, 

particularly because it is dut-fiee and inexpensive. 

That hem deprived of foraging substrate pecked, scratched and wallced more 

when given the chance than hem depnved of food. This suggests that 

foraging, the appetitive component of feeding behaviour, is indeed important 

in itself, and is separate from the consumrnatory component of feeding 

behaviour. 

From the third experiment locomotion did not appear to be important in itself, 

however, when locomotion is restricted foraging levels drop, and because 

foraging is important in itself it can be suggested that locomotion is an 

importmt component of foraging behaviour. 

Although there remains a need to perform furtiier similar experiments to back-up 

these relatively new hdings, as well to answer newly arisen questions brought about by 

these findings, this thesis is a step towards completing the picture of our knowledge of 

foraging behaviour in hem. We now know that foraging behaviour has causal factors that 

are different fiom those controlling the consummatory aspects of feeding. This suggests 

that, if these foraging causal factors are present, then the performance of foraging 

behaviour may be important in its own right. 



Having demonstrated the importance of foraging behaviour for iaying hem, 

consideration should now be given to how this behaviour could be accommodated within 

a husbandry system. Duncan (1992) has suggested îhat one way forward might be to start 

with a simple system and add to it the facilities that the hen regards as important. It has 

been shown that nesting behaviour is important (Duncan and Kite, 1989; Follensbee et 

al., 1992) and a husbandry system should include facilities that dlow the hens to perform 

nesting. This thesis strongly suggests that foraging is also important and should in some 

way be incorporated into the husbandry system. 

Pebbles were used in this thesis because they were a convenient material with 

which to compare different qualities of a substrate. There are probably many substrates 

that codd be used for foraging. The problem with many of them is that they are 

unhygienic. Peat moss and earth can act as reservoirs for idectious agents such as 

coccidia. Even traditional deep Iitter nrns a high risk of encouraging intestinal parasites. 

Pebbles may actually prove to be a most suitable substrate for commercial development. 

For example, an aviary-type of system could be developed with a floor of sturdy wire 

mesh suspended above a manure pit or lagoon. The wire could be covered in 1-2 cms of 

pebbles, small enough to be manipulated by the hem, but large enough not to pass 

through the grid or be swdiowed by the birds. The entire floor could be washed down 

with water each day. The fecal material codd be collected and stored in a pit or lagoon 

for future disposai. The pebbles, with proper disinfection and fumigation, could be left in 

the house for subsequent flocks of hem. It seems very d ike iy  that pebbles would be 

regarded by hem as a suitable nesting substrate (although fbture research should confirm 

this) so that there would be a bigger incentive for hem to use nest-boxes which could 



either be iined with astroturf or provided with an attractive loose substrate such as straw 

or wood shavings. Thus the use of pebbles might also reduce the incidence of floor eggs 

which has always been a problem in Ioose housing systems (Appleby, 1984; Hill, 1986). 
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