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SUMMARY
Two approaches were made to a study of the effects of reproductive 

factors on the feeding and drinking behaviour of Brown Leghorn fowls.
The first was an attempt to decide whether any of the physiological 

events involved in egg formation may have an effect on food or water 
intake. Many such physiological events take place in a regular 
temporal sequence and their approximate timing can be determined when 
the time of oviposition is known. The main conclusions drawn from 
a detailed study of feeding, drinking and timing of oviposition records 
were that food and water intakes were depressed for 1 to 2 hours 
before oviposition and were elevated for 1 to 2 hours after it.

With the feeding data an incidental study of the pattern of 
food intake was made.

The second approach was to study the effects of injected 
reproductive hormones on certain characteristics of feeding behaviour.

It was found that diethylstilboestrol injections increased food 
intake and rate of weight gain while testosterone propionate had 
little fffect on either.

An attempt was made to study the effect of oestrogen on appetitive 
or food-seeking behaviour. Oestrogen, acting independently of the 
feeding system, however, gave a large and more consistent increase in 
the types of behaviour observed than did hunger. This effect would, 
therefore, mask any effect of oestrogen on appetitive behaviour.

Oestrogen injections increased the amount of quinine adulterated 
food eaten by approximately the same percentage as it increased 
the intake of normal food.

The effect of oestrogen injections on short term rate of food 
intake following food deprivation was studied but none of the results were 
significant.
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INTRODUCTION

Nature is an opportunist* Once mechanisms have been evolved for 
primary purposes, they can be operated upon by natural selection in 
order to fulfill secondary functions which are also of survival value 
to the animal*

This principle is illustrated in the functioning of reproductive 
hormones which have multiple functions and multiple sites of action all 
of which help coordinate the parts of an animal into a successfully 
functioning unit* By extension to the field of behaviour, it seems 
likely that hormones which operate primarily on one motivational system 
(sex) could be brought to act upon another motivational system (food) 
in a way, complementary to the function of the first*

In commercial poultry production,artificial oestrogens are used to 
improve the finish of table chickens (Lorenz, 1953)« During the research 
which was done to develop this technique,an increase in food intake was 
usually found to follow oestrogen treatment* This gives a clue to a 
possible effect of a sex hormone on feeding behaviour*

The purpose of this study is to investigate the effects of reproductive 
hormones and other reproductive factors on appetite and feeding motivation* 
Some studies were also done on water intake*

Two main approaches to the problem were employed*
1) At certain stages in the process of egg formation heavy demands are 
made on nutrient supply* It would be adaptive if some of the physiological 
processes taking place early in the egg formation process had developed an 
influence on the feeding system in such a way as to induce an increase in 
food intake in anticipation of these demands*

The physiological events which take place during the formation of the 
fowl’s egg are known to follow a fairly regular temporal sequence (Fraps, 
1955» Warren & Scott, 1935)» By recording the time of lay, therefore, it 
is possible to infer certain aspects of the physiological state of the bird 
up to 24 hours before and after this time* Used in conjunction with 
detailed records of food and water intake, this information can be used to 
discover whether any of these temporally localised events affect food or 
water intake*



2

2) The second, approach was to introduce sex hormones ( diethylstilboestral 
& testosterone propionate) into the bird artificially by intramuscular 
injection and observe the effect on food intake and motivation.

Three components of motivation were studied. The first was appetitive 
behaviour, in which activity, interest in environment and performance of 
feeding movements were evaluated. Next, food was adulterated with quinine 
and it was believed that the extent to which this aversive stimulus could 
be overcome gave an indication of feeding motive. Lastly, the voracity 
or speed of eating, after periods of deprivation was used as a measure, 
the intensity of a consummatory response being a classical parameter used 
for measuring motivation.

Before describing the experimental work,a review section is included in 
which an attempt is made to describe the feeding system upon which any of 
the above mentioned reproductive factors would have to act in order to 
influence feeding behaviour. This is followed by a section on the physio» 
logical properties of oestrogens which the evidence suggests are the most 
likely reproductive factors to affect feeding and, finally, the physiology 
of egg production is described with emphasis on the temporal patterning of 
the events involved.



PART 1

REVIEW OF LITERATURE
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FEEDING BEHAVIOUR

The Ethology of Feeding
The following account will he, mainly, a physiological and 

meurophysiological one. Such an account inevitably underestimates some 
of the complexities of the stimulus situation, the response chain, and 
the stimulus-response relationships which are the subject matter of 
ethology. It is as well at the beginning to outline these complexities 
so that the physiological variables can be seen in the context of the 
behaviour which they underlie.

The stimulus situation for feeding is very complex. Food is a 
complex stimulus being composed of many chemical components and existing 
in many different physical forms. Both in the natural habitat and in 
captivity an animal may find this stimulus in a wide range of environmental 
conditions.

For the Burmese Red Junglefowl an ethological description of feeding 
responses has been given by Kruijt (1964). The responses decribed 
include ground-pecking, ground-scratching, head-shaking and food-running. 
Ground-pecking is the normal method of food prehension in the fowl. The 
remainder are accessories. In ground-pecking the bird scratches the ground 
with its feet in a stereotyped fashion. This behaviour serves the function 
of uncovering and making food more accessible. Head-shaking and food
running may be ways of dealing with food particles which are too large to 
be taken into the mouth. In food-running the bird seems to invite the 
co-operation of other birds in doing this. This response is given most 
frequently after a bird has seized a large living prey. The bird runs 
around keeping the food in the bill and emitting rapid peeps. Nearby 
chicks are soon attracted, the prey is seized by several birds at once 
and is quickly torn apart. Other patterns of behaviour associated with 
feeding are described by Kruijt but these fulfill a grooming function 
made necessary as a result of feeding rather than being directed towards 
the ingestion of food.

It is likely that feeding behaviour in the fowl has an appetitive 
or ’food-seeking* component. In a stabilimeter activity recorder it has 
been found that the activity of chicks increases as a more or less linear 
function of food deprivation period up to about 4 days of deprivation 
(Campbell et al 1966). An ethological description of this behaviour is 
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lacking but, from experience, it seems to consist of random movement 
with ground-scratching and pecking.
Non-homeostatic Determinants of Stimulus-Response Probabilities.

When we consider the probability of any stimulus—response combination 
we find that many factors have an influence. The nutritional state of 
the animal is probably the most important in the feeding situation and its 
influence will be considered fully in subsequent sections. Other 
influences are, innate and learned food preferences, circadian rhythms and 
social facilitation. There are also certain peculiarities concerning the 
nature of the stimulus and its mode of presentation described by Bayer 
(1929) which affect the probability of response.

After a period of deprivation Bayer found that the size of the first 
meal eaten by a fowl depends on the size of the pile of food presented. 
When birds were deprived of food for 24 hours they ate an average of 33 gms. 
when presented with 100 gms. pile of food and 54 gms. when presented with 
300 gms.

Representation of a food stimulus after apparent satiation stimulates 
feeding in the fowl. After a 24 hrs. deprivation Bayer placed a pile of 
grains on a board in front of birds and allowed them to eat until they 
stopped voluntarily. He then brushed away the remaining grains and 
immediately presented fresh ones. This rejuvenated the interest of the 
birds which invariably began to eat again. By repeating this process birds 
could be induced to eat up to 67% of the amount previously consumed in the 
first meal. These birds started eating again 15 times after apparent 
satiation. The magnitude of the effect, just described, seems to depend 
on the size of the grains used. Average increments were 24% with wheat, 
19% with barley, 11% with rye and 3% with rice and oats. Bayer concludes 
that the largest grains have the biggest effect.

A technique whereby food is intermittently presented would seem to 
have commercial value where a large appetitle is advantageous. Unfortunately, 
birds either habituate or the animal’s food intake regulation mechanism 
neutralises this effect in the long run and food intake is not increased 
over long periods of time. In cafeteria battery laying cages in which the 
food is presented intermittently birds eat less than they do in normal 
static cages (Black et al, 195$) in which food is constantly available.
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Few adequately controlled experiments appear to have been done 

to investigate innate food preferences in chicks. Young chicks appear 
to have a preference for elongated grains (Engeman 1942; rev. Wood-Gush 
1955)» Fantz (1957) on "the other hand tested the preferred stimuli for 
pecking responses in newly hatched White Rock and Leghorn chicks and 
found that they pecked consistently more at round rather than angular 
objects. The crucial stimulus variables used in discrimination 
included both two, and three dimensional aspects of visual form and 
three dimensional forms were preferred to flat ones. That these 
preferences are innate was shown by testing dark hatched chicks with no 
visual experience. It was also found that the preferences remained 
after unrewarded pecking and also after some experience of feeding. 
Chicks have innate colour preferences (Hess, 1956) there being a peak 
of response to colour stimuli in the orange region of the spectrum and 
a second in the blue region.

Apart from innate stimulus preferences there are those which are 
developed through learning and experience. The important principle 
behind most of these preferences is that of homeostasis which will 
concern us later. Such food preferences can be changed by illness, 
by plane of nutrition and by changes in the physiological state of 
the animal (Tribe & Gordon, 1950). Food preferences are less pronounced 
on a low plane of nutrition than on a high plane. During pregnancy 
women show increased appetite for protein, fat and minerals, (Richter 
1942, rev. Morgan 1965).

The attractiveness of stimuli can change relative to one another 
as the degree of hunger changes. This is shown by Murray (1953) who 
tested the rate of spontaneous instrumental responding of rats to 
three types of manipulanda, a long bar, a short bar and a chain. At 
no time was this responding rewarded. Satiated rats responded with the 
same frequency at all three stimuli .but rats which were deprived of 
food for 23 hours showed a much higher rate of responding at the long 
bar and the chain than at the short bar. Hunger, in fact, did not 
increase the rate of response to the short bar at all. He concluded 
that discriminable or novel stimuli became more attractive as hunger 
increased,whereas, less discriminable stimuli are not altered in 
attractiveness by hunger.
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Circadian rhythms are found in feeding behaviour as in many other 
types of behaviour. Perhaps most of the evidence given below should 
not be construed as evidence of circadian rhythms of feeding since 
that term implies an endogenous rhythm which, although synchronised 
by diurnal environmental changes can run on independently of time cues. 
The rhythms below might be more properly designated diurnal rhythms 
since their independence of external stimuli is not always demonstrated.

The diurnal rhythm of food and water intake in rats has been 
described by Siegel & Stucking (1947)» Further evidence of this rhythm 
is given by Bare (1959) and Bare & Ciccala (i960) who were interested 
in it's effect on feeding motivation in food deprivation studies. They 
found that the intake-deprivation curve is steeper when testing at a 
time when the normal diurnal rhythm reaches a high point than when 
tested at a low point. Their high and low points were 1 p.m. and 
7 p.m. respectively.

Evidence that there is an endogenous circadian rhythm which can 
relate to feeding can be seen in the fact that rats can anticipate once 
daily feeding if kept on a diurnal light-dark schedule (Bolles & Stokes, 
1965)» The rats were confined either to Skinner boxes or to activity 
wheels and were fed at regularly scheduled feeding times which were 
either diurnal i.e. every 24 hours, or a-diurnal i.e. every 19 or 29 
hours. Other environmental time cues were also made a-diurnal in the 
case of the a-diurnal rats and some of these were kept on the a-diurnal 
schedule from birth. The diurnal rats showed both increased running 
and increased bar-pushing in the hours just before feeding, this showed 
an anticipation of feeding which was not present in the a-diurnal 
animals. It is, unlikely that this anticipation could have been due to 
environmental time cues only.

In chickens the diurnal pattern of food intake is determined mainly 
by the lighting regime (Emslie 1963) and under ad libitum feeding they 
take in most of their food during hours of daylight on nermal day 
lengths. When daylight is restricted to about 6 hours they may eat as 
much as 50% of their intake during darkness. Studying food intake 
patterns in a Skinner box on fixed ratio reinforcement schedules,Buncan 
& Hughes (1967) found that young immature Brown Leghorn females had 
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characteristic patterns of food, intake. In their experiment birds had. 
access to food and light for 14 hours each day. Each bird seemed to 
have a characteristic pattern which was constant over the 10 days of 
the experiment and was independent of ratio, being the same under 
1:10 and 1:5 schedules of reinforcement. Different birds had different 
patterns.

Birds can adjust to restricted feeding (Cherry, 1959) by eating 
enough during the limited time available to maintain their normal 
level of food intake.

It does not seem to be known how these patterns change when birds 
are restored to normal ad lib feeding nor whether patterns are maintained 
when time cues are removed by putting them in continuous darkness or 
continuous light.

The last factor in this section which effects stimulus-response 
probabilities is social facilitation. This phenomenon has been found 
in rats (Harlow, 1932a), pigs (Hippel, i960 : rev. Hafez et al, 1962), 
sheep (Tribe, 1950) and ducks (Weidman, 1956) as well as other animals.

Social facilitation in chicks has been investigated by Tolman 
(1964 & 1967) and Tolman & Wilson (1965). Their investigations were done 
on young White Leghorn cocks and it was found that social facilitation 
of feeding took place when two birds were placed together. Increasing 
group numbers above two did not increase the degree of facilitation.

Social facilitation depended on complete social interaction between 
individuals. Separation by glass or wire partitions prevented any 
socially induced increase in appetite.

Facilitation is most pronounced after 6 hours deprivation and is 
minimal, if present at all, after 0, 12 & 24 hours deprivation. This is 
the case when all members of a group have been deprived for the same 
length of time. When a pair are differentially deprived then a deprived 
stimulus bird can facilitate feeding in non-deprived birds. The 
effectiveness of a stimulus bird increases as the differential in 
deprivation time between subject and stimulus bird is increased. Birds 
reared as isolates showed the same degree of facilitation as birds 
reared in pairs when introduced to social living at 4 days of age. The 
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phenomenon, therefore, seems to he independent of experience.
It was found that newly hatched chicks were attracted to a 

tapping pencil and were stimulated to peck at it. Incidental feeding 
took place if tapping was done at the location of food. Making 
tapping noises on the side of the test area was found to facilitate 
feeding in young chicks. Tapping rates of 30, 60, 120 and 240 per 
minute was tried and the higher tapping rates were found to he most 
effective. Pecking at food and pecking at each others heaks may he 
at least part of the mechanism of social facilitation.

Social facilitation may he responsible for the development of 
certain food preferences (Scott & Quint, 1946) especially when chicks 
are reared by their natural mothers.
The Concept of Homeostasis in Feeding Behaviour

It was Andrew Mayer who first applied Claude Bernard’s concept of 
physiological regulation to the study of feeding and drinking (rev. 
Mayer & Thomas, 1967). By determining food intake, the energy expenditure 
and the variations of the body reserves, he showed that food intake is 
regulated so as to maintain homeostasis of the body.

Adolph (1947) added undigestible roughage to rats’ diet, and the 
volume of food they digested increased so that its energy value remained 
constant. Housmann (1933) gave rats a sugar solution in addition to 
their solid diet. They ate less calories of solid food corresponding in 
amount to the calorific value of the sugar solution drunk. When sugar 
was replaced by saccharin, which has no energy value, they continued to 
drink but increased their solid food intake to it’s initial level. The 
requirements of animals for energy can be manipulated by varying the 
environmental temperature and thus the energy lost as heat. It is found 
that animals increase their food intake in proportion to the loss thus 
caused (Brobeck, i960).

Thus the concept of homeostasis is established for energy balance. 
In the mature animal major changes in weight within a reasonable range 
are accounted for almost entirely by changes in the quantity of fat 
stored in the ’fat depots’. These depots may be considered as stores of 
energy. To that extent a change in weight is a change in energy balance 
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and. a regulation of energy balance is also a regulation of weight. That 
homeostasis of the body applies to weight is shown by Hoebel & Teitelbaum 
(1966) who made rats obese by courses of insulin injections or by force 
feeding and found that they reduce their food intake below normal levels 
until their weight returns to normal.

Relating homeostasis of energy to food intake it must be realised 
that the energy content of a diet is not always a good guide to its 
nutritional value and it would not be advantageous for animals to rely 
on this as their sole guide when selecting food. In fact, within the 
framework of this energy balance there is regulation across the entire 
spectrum of food components. Katz (1937) in trying to formulate this 
problem talked of *a pattern of appetite and a pattern of food materials, 
the one being positive and the other negative, which completely coincide 
in the ideal satisfaction of hunger.’

Experiments have been done with human infants (Lavis, 1939), rats 
(Mitchell &. Mendel, 1921J Harlow, 1932b; Richter et al 1938), pigs 
(Braude R., 1948) and fowls (Graham, 1934) in which the animals have been 
allowed to select their own diet from a number of separate dietary components. 
In most cases animals seem able to select an adequate diet which may even 
rival those compounded by dieticians in growth potential (Braude, loc. cit.) 

Investigations have moved on from ’self selection* methods to the 
study of specific hungers for individual dietary components in order to try 
and understand the mechanism of Katz’s ’pattern of appetities.’

In rats specific hungers for B vitamins thiamin, riboflavine and 
pyriodoxine as well as for minerals salt and calcium (Barnett, 1963) have 
been found. In the fowl there is a specific hunger for calcium (Wood- 
Gush & Rare, 1966).

In subsequent sections we shall be avoiding most of the above 
complexities by considering the control of food intake where food is a 
single well balanced ration. In such a case, energy balance is the dominant 
control and the intake of a diet depends on its content of metabolisable 
energy.

Morris (1968) has reviewed the literature relating energy content to 
food intake in the laying hen. Basically it seems that food intake is 
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regulated, to give constant calorie intake. There are, however, deviations 
from this ideal and when fed concentrated high energy diets some birds, 
especially those with high energy intakes on normal diets, tend to over 
consume and lay down fat. Other factors such as dietary bulk, and the 
weight of diet seem to be of some importance in limiting food intake.

Although, functionally, the feeding system regulates energy intake 
this does not necessarily imply that the animal is sensitive to its 
energy status per se. Under certain circumstances specific appetites 
for lipid as opposed to carbohydrate sources of energy can develop thus 
implying sensitivity to more than one parameter of energy balance. After 
removal of the pancreas, for example, rats develop diabetic symptoms 
while eating a standard stock diet because they have no way of altering 
their dietary balance. When allowed to select their own diets, however, 
they take very little sugar and compensate for the calorie loss by 
increasing their intake of fat (Richter & Schmidt, 1941). Also, thiamin 
deficiency, which tends to block carbohydrate metabolism, causes rats 
to decrease carbohydrate and increase fat intake (Richter & Hawkes, 1941)« 

In the above assertion that energy content regulates food intake 
there is also the implication that food intake is the sole regulator of 
energy balance. This is not always so. When we anling rats are suddenly 
put on a high energy diet (60^ glucose) they fail to regulate their intake 
and over eat. They can dissipate the extra energy by a ’calorginic 
response* (Heggeness, 1961) which is evident in increased oxygen 
consumption i.e. they get rid of excess energy as heat. The autonomic 
nervous system may also exert a regulating influence by controlling gastro
intestinal motility and secretion, thereby altering the digestibility of 
foodstuffs (Ridley & Brooks, 1965). 
Brain Mechanisms and Feeding Behaviour

Having shown that energy balance is a homeostasis it is now proper to 
look for a monitoring system which is able to register energy status, for 
the parameters of energy status which are monitored, and for the mechanisms 
of the executive functions which adjust any deviation from the ideal.
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These monitoring and executive mechanisms are believed to be 
situated in the hypothalamus. A simplified view of them is that monitor
ing is carried out by a centre in the ventro-medial hypothalamus often 
referred to as the ’satiety centre’. Executive functions are attributed 
to bilateral centres in the ventro—lateral hypothalamus often referred 
to as ’feeding centres’. These centres are thought to be responsible for 
the positive aspects of feeding motivation. They can be thought of as 
having a constant 'feeding potential* the expression of which is regulated 
by the satiety centre in accordance with the energy needs of the animal.

The relationship between these two centres is one of mutual inhibition. 
Oomura k Kimura (1964) stimulated one centre of cats with electrical 
pulses delivered through stereotaotically placed electrodes and recorded 
unit spike activity from the other. Stimulation of the ’satiety centre’ 
reduced spike frequency in the ’feeding centre’ and vice versa. Direct neural 
pathways between these, through which such inhibition can act, have been 
demonstrated in mice by Arees &, Mayer, (1967)»

That high activity of the ’satiety centre’ is associated with low 
feeding tendency and high activity of the ’feeding centre’ with high 
feeding tendency is demonstrated in stimulation experiments. Feeding has 
been induced in food satiated rats by electrical stimulation of the lateral 
hypothalamus (Lawson, 1954)» Also food intakes have been maintained at 
levels, up to 10 times the normal, by repeating such stimulation daily 
(Steinbaun & Miller, 1965 ; Delgado & Anand, 1953). The stimulation has 
long lasting effects and may still give food intakes above control levels 
when testing is done 24 hours after the stimulation is given (Smith, 1956). 
The gradual changes in feeding motivation after lateral stimulation of 
rats found by Delgado and Anand (loc. cit.) led them to suggest that some 
humoral change may be involved.

Rather the opposite happens when the medial hypothalamus of rats is 
stimulated (Smith, loc. cit.) but the effects are much more immediate and 
wear off much more quickly. Short term reduction in food intake caused 
by medial stimulation are usually compensated within a few hours.

The increased ’feeding tendency' caused by lateral stimulation also 
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provides the motivation necessary for rats to learn (Miller, 1957; Coons 
et al 1965) and goats to perform conditioned operant responses (Wyrwicka 
& Bobrzecka & Tarnecki R, 1959)« The conditioned response extinguishes 
as a response motivated by normal hunger when not reinforced by food. 
This finding is corroborated by Wyrwicka & Bobrzecka (i960) and it is 
further shown that in their goats ventromedial stimulation stops the 
performance of the conditioned response when motivated either by lateral 
stimulation or by hunger.

Activation of the lateral hypothalamus increases the readiness of 
the rat to overcome electrical and other barriers in order to obtain 
food (rev. de Ruiter, 1963).

Olds (1965) discovered that there were a number of sites in the 
rat’s hypothalamus and elsewhere in the brain which have a ’reward* 
function. The experimental technique involved having rats with stereo- 
tactically placed electrodes chronically implanted in the brain through 
which electrical stimulation could be applied when a circuit was closed. 
The switch to operate the circuit was arranged so that it could be 
operated by the animal. Rats learned to ’self stimulate’ themselves 
in many areas. Later (Olds, 1958) be found that these rewarding 
locations were differentiated into sex and hunger reward systems. The
rate of self stimulation of the feeding reward areas was increased by 
hunger and sometimes decreased by androgen administration. In the sex 
rewarding areas, on the other hand, androgen increased the rate of 
responding while hunger decreased it. The feeding reward areas were 
found in the medial region of the hypothalamus. The technique of self 
stimulation now provides another means of studying feeding functions of 
the hypothalamus.

Removal of ventro-medial influence by lesioning with radio frequency 
(Roebel, I965) increases the rate at which rats self stimulate rewarding 
areas in the lateral ’feeding centres’. Also, increasing ventro-medial 
inhibition by over-feeding or medial stimulation (Roebel & Teitelbaum, 
1962) causes a reduction in the rate of similar responding. Thus the 
'satiety centre’ activity reduces the effectiveness of the lateral site.
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Margules & Olds (1962) found two different kinds of rewarding area 
in the lateral hypothalamus of rats. In one kind self-stimulation was 
followed by normal feeding and in the other it was not. Food deprivation 
increased the frequency of self-stimulation in both kinds.

These findings are not easily reconciled with a drive reduction 
theory of reinforcement. Stimulation of the lateral hypothalamus, as 
has already been demonstrated, increases motivation and so also should 
self-stimulation. How, then, can a drive-increasing stimulus be 
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reinforcing? The problem can be resolved abandoning the drive reduction 
hypothesis in theorising that the ’rewarding* systems are separate from 
the other parts of the control system, the activity of which depends on 
the energy status, and that the affect of any stimulus to the reward 
system depends on the activity of the energy sensitive system. The 
interpretation of Margules & Olds* results can then be that self stimulation 
at sites which are followed by feeding is stimulating both energy sensitive 
and rewarding systems while that not followed by feeding is stimulating the 
’reward* system alone.

The third technique, for studying the function of neural mechanisms, 
to be discussed is that of chemical stimulation. Epstein (i960) showed 
reciprocal changes in feeding behaviour by injecting both procain-HCl and 
hypertonic saline through chronically implated cannulae into the ‘feeding’ 
and ’satiety* centres of rats. Procain-HCl in the ’satiety centre’ 
elicited normal feeding in satiated animals while hypertonic saline 
suppressed spontaneous eating in hungry ones. These chemicals had precisely 
the opposite effect in the feeding centre. This means that inhibition of 
the ’satiety centre* increases feeding tendency and inhibition of the 
feeding centre decreases it. Activation of these centres provides the 
opposite effects.

Rather inexact confirmation of part of the above findings comes from 
an experiment in goats (Baile & Mayer, 1966). Pento—barbitol sodium, a 
known central nervous system depressant, was perfused through the 
ventriculo—cisternal systems of 2 goats. The consequence was a marked 
hyperphagia which was assumed to be due to ’satiety* centre depression.
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Of course, the location of action is by no means certain with the 
perfusion technique.

Amphetamine is a sympathomimetic amine which inhibits eating 
in dog, man and rat. Brobeck et al (1956) recorded increased electrical 
activity in the ventromedial hypothalamus of anaesthetised cats 
following injection of amphetamine. It is unlikely, however, that the 
’satiety centre’ is the effective site of action since Epstein (1959) 
found, at least in the rat,that food intake was still depressed after 
its ablation.

Cholinergic and adrenergic drugs have produced effects on feeding 
and drinking (Grossman, 1962). Adrenergic drugs (epinephrin and nor- 
epinephrin) placed in the rat’s hypothalamus, lateral and dorsal to the 
ventro-medial nucleus,cause an increase in feeding and a decrease in 
water consumption. Cholinergic drugs, acetylcholine and carbachol at 
the same site have the opposite effect,causing an increase in water 
consumption and a decrease in feeding. Grossman, (1964) found a site 
at which these drugs had similar effects in the ventral amygdala. Booth, 
(1967) also found that an adrenergic drug, nor-epinephrin, increased food 
intake but it was only effective in a limited area of the rat brain on an 
extrahyppthalamic pathway between the limbic forebrain and the tegmental 
motor systems; i.e. the so called adrenergic feeding system is not in the 
•satiety* or ’feeding* centres. Sommer et al (1967) found that oarbachol 
in the lateral hypothalamus can produce an increase in food intake which 
is the opposite of what Grossman found at his site of stimulation. They 
also found that there were sites at which increased drinking could be 
produced without the reduction in food intake which had accompanied this 
in the above experiments.

The theoretical significance of these findings for our model of feeding 
behaviour is not clear. It does, however, begin to show us the ramifications 
of the feeding system throughout the brain and the multiplicity of functions, 
related to feeding, which reside in the hypothalamus.

Much has been learned about the hypothalamic feeding mechanism by 
studying feeding behaviour after the destruction of small areas of neural 
tissue. The ’satiety centre’ having an inhibitory effect on feeding iti 
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removal should, increase feeding while destruction of the excitatory 
•feeding system’ should bring about a reduction in feeding.

That lesions in the 'satiety centre’ do increase food intake has 
been repeatedly shown (Heatherington & Ranson, 1942; rev. Anand, 1961). 
The result of the increased food intake is a marked obesity, the 
complete syndrome is referred to as hypothalamic hyperphagia. It has 
been demonstrated in rats, mice, dogs, cats and monkeys.

Evidence showing that the hyperphagia is due to a failure of a 
central control of appetite rather than a metabolic disturbance is 
reviewed by Teitelbaum (1961). If a hyperphagic rat was allowed only 
as much food as a normal one would eat, it did not become obese. Intestinal 
absorption and respiratory quotient were normal and if the animal was 
starved, it lost weight at a normal rate showing that it was able to 
utilise its own fat reserves as the normal animal does.

The full syndrome of hypothalamic hyperphagia has been extensively 
studied. There are two distinct phases; first, the dynamic phase, 
immediately after operation, in which the animal eats two to three times 
as much as normal and gains weight very rapidly to reach more than twice 
its pre-operative weight; and second, the static phase, in which the 
animal’s food intake decreases practically to normal and the rat 
maintains a relatively stable weight at a high level (Teitelbaum, I96I).

Similar symptoms have been found after lesion of the 'satiety centre' 
in mice caused by gold-thioglucose (Brecher et al, I965). The extent of 
the obesity produced was proportional to the degree of destruction of the 
ventro—medial nucleus. Other areas in the hypothalamus ventral to the
ventro-medial nuclei, as well as parts of the hippocampus and medulla 
ablongata were sometimes destroyed by the gold-thioglucose but obesity 
was never caused by these if the ventro-medial nucleus was spared.

The ventro—medial hypothalamus does not seem to be crucial for limiting 
food intake in female rats when they are as young as 27 days of age 
(Bernardis & Skelton, 1966). Rats lesioned at that age become slightly 
obese but this is probably due to a failure of growth hormone output as 
the linear growth of the animals is severely reduced and there is no 
increase in food intake.
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The fact that hyperphagic animals reduce their food intakes to 
reach the 'static phase* suggests that these animals preserve the 
ability to regulate their weight. Hoebel & Teitelbaum (1966) have 
shown this for hyperphagic as they did for normal rats. By continuing 
insulin treatment for four months they were able to induce normal rats 
to increase their body weight by as much as 210 gms. After such 
treatment, destruction of the ventro-medial 'satiety centre' caused 
little over eating and weight gain. They also force-fed 'static 
hyperphagic * rats to induce 'super obesity' and the animals ate very 
little food until they had returned to normal obese weight.

Two interpretations of this are possible. One is that the weight 
regulatory mechanism is independent of the ventro-medial hypothalamus 
but produces only a weak negative signal so that it limits food intake 
only at high levels of obesity. The second is that the mechanism 
resides in the ventro-medial hypothalamus and since it is reduced in 
size can only produce a strong enough signal to regulate intake when 
the animal is grossly obese. Brechner's evidence of proportionality 
between size of lesion and extent of obesity certainly supports the 
second.

In rats, hyperphagia is accompanied by a hyper-reactivity to positive 
and negative stimulus qualities of the diet (Teitelbaum, 1955) often 
called finickiness. When the diet of normal rats is adulterated with 
non-nutritive cellulose we find that they increase their intake while 
dynamic hyperphagics steadily decrease their intake as a function of 
added cellulose. Obese animals (static hyperphagics) cease eating 
at 25% dilution with cellulose, whereas normal animals maintain appreciable 
intake up to 75^ dilution. Adulteration of food with a small quantity of 
quinine (0.125^) yields an exaggerated negative response in obese rats, 
making them stop eating but does not affect normal or dynamic animals. 
The positive taste of 5^ dextrose, on the other hand, yields exaggerated 
positive responses in obese animals making them increase their food intake. 
This shows that the weight regulation of obese hyperphagics is very 
sensitive to changes in motivation as provided by positive taste. Dextrose 
causes normal animals to decrease their food intake and produces no change 
in dynamic hyperphagics.
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Kennedy (195$) found that rats in the early dynamic stage of 
hyperphagia are not sensitive to adulteration of their food with kaolin 
and will increase their food intake by up to 50^ to regulate their 
calorie intake when the food is diluted up to 50^ with kaolin. Obese 
rats, on the other hand, show more finickiness and reduce their food 
intake when kaolin is added. Old rats which are normally obese are 
likewise finicky. The implication is that finickiness is related to 
a change in the internal environment which takes place when the body 
has a high fat content. Finickiness is also found in the drinking 
situation as Corbit, (1965) found by adulterating the water of hyperphagic 
rats with quinine HC1.

Measures of motivation which do not depend on appetite (i.e. level 
of food intake) are reduced in hypothalamic hyperphagic rats. Teitelbaum 
(1957) used random bodily activity and tolerance of increasing fixed 
ratio in a Skinner Box as indices of drive. He found that hyperphagic 
rats were much less active than normal ones and did not increase their 
random activity when subjected to food deprivation to nearly the same 
extent as normal rats. Although hyperphagic rats did bar press at about 
the same rate as normal rats on low ratios they were more sensitive to 
high ratios. Obese rats were much more sensitive than dynamic rats and 
their rates of responding were quickly reduced as the ratio was increased. 
In these measures of motivation, the negative effects of obesity are again 
evident. The reduced motivation of dynamic rats may have been due, in 
part, to fat since they were about 20 gms. heavier than normal rats before 
testing.

The importance of fat in the causation of reduced motivation following 
medial lesions is not so apparent in the report of Miller et al, (1950) 
who had rats with ventro-medial lesions which did not become hyperphagic 
or obese as well as the usual hyperphagic rats and unoperated controls. 
He measured feeding drive by attaching a small harness to rats in a runway 
with food at the end and measuring the rates of running to food and the 
strength of pull when temporarily restrained, by determining the strength 
of electric shock necessary to prevent feeding, determing the size of 
the first meal after deprivation and by measuring the rate of bar pressing 
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for food on a fixed interval schedule. On all these tests the operated 
animals made lower scores than non-operated controls and in tests such 
as bar pressing where non-obese and obese operated animals were studied 
separately there was no significant difference between them.

In attempts to specify the specific function which is absent in 
hyperphagic animals the pattern of food intake has been studied in both 
normal and hyperphagic rats (Anliker & Mayer, 1957) rev. Mayer & Thomas 
19675 Teitlebaum & Campbell, 1958). Rats appear to eat in fairly discrete 
meals. To explain this it seems necessary to postulate a mechanism to 
start feeding and another, so called, satiety mechanism, to stop eating 
before the processes of digestion have repaired the internal body need 
which is believed to be the origin of positive motivation. The ’start’ 
mechanism presumably determines inter-meal period.

When fed liquid diet, dynamic hyperphagic rats eat longer meals than 
normal controls, the rate of eating and the frequency of meals being 
unaltered. With a solid diet, rats seem unable to ingest as much energy 
at each meal as they can on liquid diet. They, therefore, increase both 
the length and frequency of meals to maintain their calorie intake.

The inference made from the ingestion of longer meals is that the 
satiety mechanism is somehow impaired. From the evidence of Mayer & Thomas 
(1967) it is known that the inter-meal interval depends on the size of the 
previous meal. In the hyperphagic animal the mechanism which determines 
this interval must also be impaired since the inter-meal interval remains 
the same despite larger meals. Also the inter-meal interval is reduced 
when small meals are taken as solid diet.

The symptoms of hyperphagia then ares reduced sensitivity of satiety 
mechanism and the mechanism determining inter-meal interval; the ability 
to regulate calorie intake remains but at a new high level; there is 
increased sensitivity to the stimulus qualities of the diet, especially in 
obese animals, there is a reduction in the ’strength’ of motivation.

No hypothesis concerning 'satiety centre' function seems to explain 
all these facts. An attempt to explain the decreased motivation and 
increased sensitivity is made by de Ruiter (1963). The complex of stimuli 
the animal receives both from its food itself and from the surrounding 
situation contains information relevant to several different behaviour 

systems, and not to feeding alone. It we assume mutual inhibitory 
relationships between the feeding network and these other behaviour systems, 
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the overt response of the intact animal will then be determined by the 
balance of activations of the various systems. On this assumption, 
interruption of the connections through which the feeding system can 
keep other behaviour in check, the reverse connections by which other 
systems check feeding remaining intact, will shift the balance so that 
in a given situation feeding behaviour is less likely to occur than 
before. Thus the animal, though eating more,is more sensitive to 
•negative’ stimuli whether in the food itself or in the general environment.

Double interruption of the medial forebrain bundle (Morgane, I96I*) 
in rats does not interfere with feeding in the ad lib. situation but 
prevents the rat from crossing an electrified barrier to obtain food. 
This, is interpreted by de Suiter as cutting an inhibitory pathway between 
the feeding and other systems.

The paper of Graff & Stellar (1962) is also enlisted by de Ruiter 
as support for his theory. They lesioned a number of rats and found that 
finickiness and hyperphagia were to some extent dissociated. They got 
extreme hyperphagia accompanied by slight finickiness and slight hyperphagia 
accompanied by extreme finickiness depending on the extant and position of 
the lesion. The authors suggest that the medial portion of the ventro
medial complex must be spared to produce maximal finickiness. This would 
support de Ruiter only if the absence of a system caused finickiness rather 
than its presence.

Also, de Ruiter's hypothesis does not explain why finickiness should 
increase with obesity. This leads one to a possible alternative that 
finickiness is due to a lipostatic mechanism.

A further possibility is that lesions in the ventro-medial hypothalamus 
destroy some of the reward centres discovered by Olds (1955). McGinty et 
al (1965) discovered that hyperphagic animals when required to feed them
selves by bar pressing for food delivered directly into the stomach only 
exhibit slight hyperphagia and obesity. By giving a small quantity of 
saccharin for oral ingestion extreme hyperphagia is produced. Since normal 
animals feed themselves intragastrically without the motivation of taste 
the results can be interpreted as an absence of some reward function from 
the stomach.
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Otherwise viewed this evidence could be interpreted as indicating 
that the ’positive* stimulus characteristics of food are the important 
means of inducing increased food intake and that somehow the ’satiety 
centre* fails adequately to control the rewarding function of taste.

Direct evidence that the ’satiety centre’ is sensitive to feed
backs from the act of feeding and its consequence is not very plentiful. 
However, Hoebel & Teitelbaum, (1962) found that ’overfeeding* had the 
same effect on self stimulation of the lateral hypothalamus as ventro
medial stimulation. This is at least suggestive of feed-backs stimulatihg 
the ’satiety centres*. Sharma et al (19617 show that distention of the 
stomach wall stimulates stretch receptors which activate the ’satiety 
centres’ in the hypothalamus. It has also been shown that stretch gives 
at least partial inhibition of feeding by filling the stomach with inert 
material.

If we accept the glucostatic theory of Mayer, to be discussed later, 
then a further feed-back to the hypothalamus is demonstrated by Anand et 
al. (1964)« They gave intravenous glucose and insulin to cats and dogs 
and recorded unit activity in the ’feeding’and ’satiety’ centres. They 
compared arterial and venous glucose levels with each treatment to determine 
the rq,te of glucose utilization (A-V glucose) under each condition and 
relate it to the activity of the hypothalamic centres. They confirmed the 
reciprocal relationship between these centres and showed that the activity 
of units in the ’satiety centre’ was proportional to the A-V glucose and 
the activity in the lateral hypothalamus inversely so.

The contrary view that the hyperphagia is due to an exaggerated 
affective response rather than a regulatory failure is supported by Smith 
et al. (1961). They starved hyperphagic animals to bring them to the same 
weight as normal controls. Both groups were then kept on a 2 hrs. per day 
feeding schedule on which both hyperphagics and controls ate the same 
quantity of food. They found that the quantity of food eaten in that two 
hours was reduced likewise in both types of animal after preloading the 
stomach with water, hypertonic fluids and non-nutritive bulk. They deduced 
that there was no failure of feed-backs from the stomach after ventro
medial lesions.
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The following peculiarities of the feeding system are best explained 
in terms of affective derangement rather than in terms of a regulatory 
system or a unitdry motivational function. Grossman (1962) found that 
although cholinergic stimulation in the hypothalamus decreases food 
intake in the free feeding situation it does not reduce the rate of 
responding for food reward in a Skinner Box. McFarland (1965) found 
that Barbary doves deprived of water for 96 hrs. would not eat but if 

I 
they had been previously trained to bar press in a Skinner Box for food 
they would work at the same rate as birds 12 hrs. deprived of food 
without eating the reward. Also the diurnal rhythm of food intake in 
rats which disappears after ventro-medial lesions (Miller et al. 1950) 
is revealed when hyperphagics have to work hard for food in a Skinner 
Box (25 bar presses per pellet) (Anliker & Mayer, 1956} rev. Teitelbaum, 
1957). Thus the regulatory mechanism remains intact. The lack of diurnal 
rhythm is due to some positive non regulated motivational function which 
becomes neutralised by the negative effects of the work required on 
rigorous schedules.

Bilateral destruction of the lateral hypothalamus has been repeatedly 
demonstrated to cause a reduction in food intake or complete aphagia in 
cats, monkeys, rats and goats (rev. Anand, 1961} Anand et al., 1955)» 
Aphagia also occurs after lateral lesioning of hypothalamic hyperphagic 
rats (Anand & Brobeck, 1951 rev. Mayer & Thomas, 1967).

An important feature of the lateral hypothalamic syndrome (Teitelbaum 
& Epstein, 1962) is that food in the mouth becomes aversive. Baillie & 
Morrison (1963) found that aphagic rats would perform appetitive behaviour 
which enabled them to obtain food intragastically. Therefore, an upset 
in orapharyngeal affect is one of the major factors contributing to reduced 
motivation in aphagic animals. From this point of view the effect of lateral 
stimulation on intragastric feeding would be interesting,but does not seem 
to have been done.

When talking about regulation of food intake we have emphasised the 
role of negative feed-backs. Epstein & Teitelbaum (1967) have uncovered a 
feature of the lateral hypothalamus which indicates a positive feed-back 
inducing feeding when blood glucose is at a low level. Normal rats eat 
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more after a period of deprivation if hypoglycaemia has been induced 
with insulin. Rats which appear to have completely recovered from 
aphagia and increase their food intake in response to dilution of 
diet and low ambient temperature do not show this increase in response 
to hypoglycaemia. Destruction of the ventro-medial nucleus does not 
impair this ability. An essential portion of a neural system which 
mobilises feeding in response to decrease in blood sugar is, therefore, 
present in the lateral hypothalamus.

How far all this information, which is mainly obtained from work 
on mammals can be related to birds and to chickens in particular can 
be little more than a guess. Aphagia (Feldman et al. 1957) and 
hyperphagia (Lepkovsky & Yasuda, 1966) have been produced in the domestic 
fowl. A complete account of their symptoms is, however, absent. The 
hypothalamus of birds does not have the same organisation as in mammals 
and systems are believed to consist of intermingled circuits rather 
than more discrete centres. The result is that the sites which produce 
these symptoms are not localised and the results not readily reproducible. 
Another difficulty is that lesions often impair the operation of other 
systems such as temperature control and reproduction, as well as feeding. 
It is, therefore, difficult to study the feeding system in isolation. 
Indicators of Energy Status

As already stated, control of food intake requires that there must 
be indicators of energy status which act on the central feeding mechanisms. 
Also, if we neglect any concept such as Lorenz’ ’reaction specific energy’ 
two types of feed-back seem to be necessary. One is the ’short term satiety 
signal' which brings feeding to an end and the other a ’long term’ signal 
which maintains satiety between meals.

Mayer & Thomas (1967) finding that the size of a meal is correlated 
with the length of the following satiety period but not with the length 
of the preceeding satiety period, indicates that nutritional state under 
normal circumstances does not control the size of the meal but rather 
the inter-meal period. Energy intake would be regulated by changing the 
frequency rather than the size of meal. It would be interesting to test 
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this by investigating meal frequency at high and low temperatures. One 
could also deduce that regulation depends on the long term ’satiety 
signal' to a much greater extent than on the short term ’satiety signal’.

There are four main theories as to what the long term satiety 
signal is. These are the glucostatic, thermostatic, osmotic and 
lipostatic theories. The first three of these theories attempt an 
explanation of both short and long term satiety and take strength from 
the fact that both satiety signals seem to be upset in hypothalamic 
hyperphagia. The lipostatic theory on the other hand does not attempt 
to be a complete satiety theory and is thought of merely as a long term 
control of weight.

Two papers provide evidence that a humoral factor is involved in 
the control of food intake. Davis et al. (1967) found that the food 
intake of hungry rats was reduced 50% below normal after their blood 
had been mixed with satiated rats. No reduction took place when the 
donor rat had been deprived of food for 24 hrs prior to the mixing of 
blood or when a deprived donor was fed to satiety immediately before 
transfusion. The humoral factor which is postulated to bring about this 
reduction, then, cannot also be responsible for ’short term’ satiety. 
Hervey (195$) prepared parabiotic rats which are rats with a small 
connection between their blood streams. The experiment used pairs of 
these rats, one of each pair being lesioned in the ventro-medial 
hypothalamus. The lesioned rats became hyperphagic and obese while the 
others had a reduced food intake and became abnormally thin. It seems 
likely from this that the humoral factor is a specialised hormone rather 
than a circulating nutrient since a nutrient sufficient to produce 
satiety in the recipient should also act as a source of nutrition 
adequate to prevent its excessive thinness. By this reasoning a simple 
version of the glucostatic theory would seem to be inadequate to explain 
these facts.

The positive evidence in favour of the glucostatic theory is 
nonetheless considerable. As already stated, electrical activity in the 
hypothalamus is proportional to the A-V glucose difference. Debons et 
al. (1962) have shown that the gold of gold-thioglucose is drawn into 
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the hypothalamus by virtue of its attachment to glucose only and 
(Edelman et al. 1964) that the extent of gold deposition after 
gold-thioglucose injections in mice is proportional to ’body—need* 
for glucose at the time of injection. Debons et al. (1968) further 
showed that the rate of satiety centre uptake of glucose is related 
to tissue uptake by showing that insulin which controls tissue 
uptake is also required for satiety centre uptake of gold-thioglucose. 

1 That the satiety centre alone has special sensitivity of glucose 
is shown by Mayer & Marshall (1955) who found that gold-thioglucose 
sufficient to produce obesity,selectively destroys cells in the region 
of the satiety centre.

Therefore, there is a centre in the brain, the activity of which 
is related to its glucose uptake. Its rate of glucose uptake is 
proportional to the rate of tissue uptake and its activity has been 
shown to reduce food intake. Surely this is strong support for the 
glucostatic theory.

This edifice, however, is rather shattered by the finding (Reynolds 
& Kimm, 1965) that glucose injections reduced food intake to a greater 
extent in animals with ventro-medial lesions than in normal rats.

Mayer & Thomas (1967) extend the glucostatic theory to account for 
short term satiety and long term control of weight. There is a rapid 
rise in blood glucose level immediately following a meal which is due 
to release of glucose from the hepatic stores. This is probably mediated 
by glucagon which increases the A-V glucose and would, therefore, 
according to the theory give rise to satiety. For weight control they 
appeal to the biochemical interrelationship of glucose and lipid 
metabolism. Increased depot fat would give rise to a greater usage of 
lipid for energy requirements and would thus spare glucose.

The case in favour of the thermostatic theory is given by Brobeck 
(i960). The first piece of evidence is that food intake is regulated 
according to temperature. Increasing environmental temperature of rats 
from low levels up to a critical point about 90®’. gives a gradual 
reduction in food intake. Above this termperature there is a steeper 
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fall off of food intake reaching zero at about 9?F* According to the 
thermostatic theory these fall offs are due to inhibiting effects of the 
hypothalamic temperature regulating mechanism on the feeding system.

Following feeding there is a rapid rise in heat production known as 
specific dynamic action (S.D.A.). This, the theory postulates, inhibits 
feeding through the central temperature control mechanisms to bring 
about short term satiety.

Weaknesses of the theory are that there is no direct evidence that 
the above relationship between food intake and environmental temperature 
is mediated through the temperature regulating mechanism. Metabolic 
rate is influenced by environmental temperature in the same manner as 
food intake and, therefore, food intake is also related to rate of energy 
utilization and could be mediated by an energy sensitive system. In the 
case of lactating animals the process of milk production raises the 
metabolic rate and, therefore, heat production. Thus, if feeding is 
mediated through temperature control, lactating animals would be expected 
to eat less than non-lactating ones and this is obviously not so. It must, 
however, be admitted that the thermostatic theory would produce an 
excellent explanation of long term regulation of weight since metabolic 
rate and heat production increase with obesity.

The idea that strength of satiety signal is related to S.D.A. is 
thought by Brobeck to be supported by the fact that high protein diets 
limit food intake to a greater extent and also give rise to a higher S.D.A. 
than other dietary components. As has been shown earlier, however, it 
is not only the absolute level of protein which causes this reduction 
but also imbalance of amino acids. The imbalance does not increase S.D.A.

If S.D.A. were the mechanism of satiety, then the failure of satiety 
during hyperphagia ought to be due to interruption of the temperature 
regulating mechanism’s feed-back, yet Kennedy (1953) found that hyperphagic 
animals were still capable of adjusting their food intake according to 
temperature showing that the satiety mechanism destroyed is unlikely to 
be temperature dependent.

There is little doubt, then, that very high environmental temperatures 
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do inhibit eating but whether at normal temperatures eating is regulated 
by the temperature regulating mechanism and whether this can provide a 
complete theory of food intake regulation is doubtful.

An osmotic theory of hunger and thirst was proposed by Smith 
(1958, rev. Jacobs 1964). Blood tonicity he believes to be a common 
factor of food and water intake operating via a reciprocal arrangement 
producing thirst when the blood is hypertonic with respect to normal, 
and hunger when it is hypotonic. Food consumption raises blood tonicity, 
cutting off further intake and leading to further consumption of water.

That blood tonicity could change rapidly after a meal by diffusion 
of water from the blood stream into the intestinal tract was indicated 
by Lepkovsky et al. (1957) found that the contents of the stomach 
always contain 49^ water. When fed dry food, the animal makes the 
water content up to this level with water from the skin and adipose 
tissue. In this manner dry or hypertonic stomach contents quickly produce 
hypertonic blood (Jacobs, 1962) which, according to the theory, is the 
cause of food satiation.

This theory is tested by introducing substances at varying osmotic 
pressures into the stomach or injecting directly into the body. It seems 
that satiety is not always proportional to the expected change in blood 
tonicity (e.g. Smith & Duffy, 1955) and it is likely that other 
interacting factors will be required to explain the experimental results. 
Hypertonic fluids in the stomach do, however, reduce or prevent subsequent 
eating and there is little doubt that osmotic factors have some importance 
in regulating food intake. They are probably even more important in 
determining the relationship between food and water intake. Maintenance 
of osmotic constancy may be the principle which determines that the food 
to water intake ratio in the rat is regularly I (gm.)/2(mls.) (Strominger, 
1947).

The lipostatic theory has little direct evidence to support it. Its 
proposal by Kennedy (1953) is based on inductive argument from the 
following facts. Weight, as has already been shown, is regulated. This 
regulation can be maintained despite temperature changes and lactation.
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During hypothalamic hyperphagia the extent of obesity seems to depend, 
on the size of the lesion in the ventro—medial hypothalamic nucleus. 
Reduced 'strength of motivation' during hyperphagia seems to be related 
to the extent of obesity. These facts lead Kennedy to the proposition 
that feeding behaviour is controlled by some lipid metabolite probably 
having its main effect through the ventro-medial nucleus.

Certainly weight is important in relation to feeding motivation as 
indicated by Bolles' (1965) finding that latency of feeding is inversly 
proportional to weight loss during deprivation. However, when rats were 
force-fed to induce obesity (Cohn & Joseph, 1962) and were put on ad-lib 
feeding until they had reduced their weight to normal levels it was found 
that their lipid content per unit of body weight was significantly greater 
than controls which had not been so treated. This implies, at the least, 
that control of body lipid is not the only means of weight control and 
raises the possibility that the animal’s weight sensitivity is independent 
of lipid completely.

This completes the list of possible 'long-term' satiety mechanisms 
and there remains only a few 'short-term' satiety mechanisms to consider. 
Because of their speed of action these are commonly believed to reside in 
the gastro-intestinal tract and oro-pharyngeal regions.

The stomach apparently 'knows' when it has been fed and supplies an 
appropriate satiety signal. Injecting enriched milk directly into the 
stomach was more satiating than injecting similar quantities of ordinary 
milk or saline (Miller, 1957)» The fact that bar pressing of rats trained 
for food reward was less after feeding milk by mouth than after stomach 
feeding via stomach fistula (Kohn, 1951) shows that the mouth also gives 
a satiety signal.

The nature of the short term feed-back has already been discussed in 
relation to gluoostatic, thermostatic and osmotic theories. However, 
there is not a complete explanation of the mechanism in either glucostatic 
or thermostatic theories. In the glucostatic theory the immediate post- 
feeding rise in blood level of glucose is not a system for immediate 
detection of the amount of food eaten but must depend on such a system. 
The mechanism of specific dynamic action may also depend on such a 
detecting system.
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The importance of stretch receptors in this respect has already been 
mentioned but chemoreceptors, which are present both in the mouth and 
stomach and provide chemically specific feed-backs are likely to be the 
main mediators of short-term satiety (rev. de Ruiter, 1963).

In conclusion,we might note that our present knowledge of the feedi ng 
system is by ho means complete even in the rat. In the reviews of 
de Ruiter (1963) and Morgan (1965),for instance,there is evidence of 
the feeding system extending through many centres of the brain,the roles 
of which are not understood. No complete theory of feeding behaviour is, 
therefore, possible and in trying to relate other systems such as 
reproduction to feeding behaviour emphasis should be placed on 
experimentally verified facts rather than on any attempted unifying 
theory.
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EFFECTS OF OESTROGEN ON THE DOMESTIC FOWL

Effects on Food Intake, Food Conversion, Growth, and. Carcase Quality.
Since we are only interested in those effects of oestrogen which 

might relate to feeding behaviour we shall neglect those sections of the 
literature which deal with the somatic and behavioural effects of oestrogen.

Most experimental work relating to food intake, food conversion, 
i >
growth, etc. has been done to establish the value of oestrogen treatment 
in commercial poultry meat production rather than as a means of discovering 
the physiological properties of oestrogen. Therefore, papers which report 
effects of oestrogen tend to concentrate on commercially important 
variables. Emphasis is usually placed on efficiency of food utilisation, 
growth and carcass quality and food intake, although the main interest in 
the present study, being only of incidental importance commercially is 
seldom reported per se. Food intake, however, is almost always recorded 
for the purpose of estimating food conversion efficiency and an increase 
in food intake can be reliably deduced when an increase in growth rate 
is reported without there being an increase in food conversion efficiency. 
Food conversion efficiency is the rate of gain in body weight over the 
weight of food consumed to produce that gain.

In Lorenz’ (1954) extensive review it is stated that '’increased feed 
intake during oestrogen treatment has been consistently observed.”

The method of oestrogen treatment which is most successful in relation 
to commercial practice is the implantation of diethylstilboestrol pellets 
or paste subcutaneously high in the neck of the bird. This method seems 
to be reliable in producing increased food intake. Andrews & Bohren 
(1947) treated male White Plymouth Rock broilers with 13—15 mg» stilboestrol 
pellets at six weeks of age and observed their progress in relation to 
controls till they were twelve weeks old. The treatment significantly 
increased the rate of weight gain while the efficiency of food conversion 
remained the same. Food intake as such was not compared,but an increase 
can be deduced from the foregoing facts. The increased weight gain was 
largely accounted for by increase in the fat content of the carcass. 
Almost identical results were obtained by Detwiler et al (1950) using 
equal numbers of males and females of the White Plymouth Rock and Barred 
Plymouth Rock breeds and beginning treatment at 6 weeks of age with 
12 mg. implant.
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Data on food, intake are presented by Baum et al (1951). Broilers, 
28 males and 28 females, were implanted with a 12 mg. pellet at 
6 weeks of age. During the following six weeks treated birds showed 
an increase in food intake of about 5% over controls. Food conversion 
efficiency, weight gain and carcass quality were also improved.

Smyth & Vondell (1955) found at 10 mg. pellets of diethylstilboestrol 
increased food intake when implanted in turkeys.

Oral administration of oestrogenic drugs has often been tried as 
a possible alternative to implantation (Lorenz, 1953). It has not been 
very successful because their oral potency, especially of diethylstilboestrol 
and hexoestrol, is too low. Feeding of oestrogens however, has been 
successful in certain cases.

Dienestrol diacetate and dianisyl hexadiene were fed to Barred 
Plymouth Rock males at 31 weeks of age by Bird (1946) who found a marked 
increase in food intake. He also found that cardiac rate was depressed 
by 33% which he believed to be evidence of a reduced metabolic rate. 
There was also marked lipemia (increase in blood lipids) and increased 
fat deposition in treated birds. He investigated the fat content of the 
faeces and found that oestrogen made no difference. From all this he 
concluded that the Lipemia and fattening were not due to a change in the 
digestibility of fat but was probably due to the increased energy made 
available for lipogenesis by the lowered metabolic rate and increased 
food consumption.

Feeding of the dimethyl ether of diethylstilboestrol (dialisylhexene) 
at 50 mg. per pound of feed gave increased food intake in a number of 
groups of chickens (Jaap & Thayer, 1944)« The same diet given to turkeys 
caused a temporary increase in food intake (Thayer & Davis, 1948).

Stimulation of food intake is not a general phenomenon among all 
vertebrates. Oestrogen drastically reduces the food intake of rats 
(Meites & Nelson, i960). In ruminants, Clegg & Cole (1954) have found 
that stilboestrol treatment increased food intake.

The above represents the bulk of available evidence on the effects 
of oestrogen on the food intake of the fowl. Many recent papers deal 
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with the other effects of oestrogen treatment covered, under the present 
headings. None of these seem to contradict the conclusions of Lorenz 
in his 1954 review and it will suffice here to list these conclusions.

The carcass quality of treated birds is improved by increased 
¿eposition of muscular, subcutaneous and visceral fat giving lightening 
of flesh colour and increased tenderness. Implantation of oestrogens 
gives a slight stimulation of total growth. This effect seems to increase 
relatively with increasing age of subject. Birds killed under 10 weeks 
of age give very little increase in growth and those killed between 10 
and 18 weeks are nearly always 50 to 100 gms. heavier than controls and 
5 to 20 month old birds have quite uniformly gained an extra 200 to 
300 gms.

Oestrogenic substances mixed in the feed in moderate dosages have 
had no effect, on the average, on rate of gain in growing birds. Slight 
additional gains have been obtained by feeding dienestrol diacetate at 
levels of O.Ol^fe of the diet and in one case feeding oestrogen to adult 
cocks produced striking gains.

The gross efficiency of food conversion is usually not changed or 
slightly reduced during oestrogen treatment. This is contradicted in the 
case of Aggarwal et al (1967) who got an increase in food conversion 
efficiency in 14 week old White Leghorns using stilboestrol dipropionate 
injections. Little change in efficiency, however, seems to be the rule.

When efficiency is looked at in terms of energy conversion (energy 
laid down in carcass/energy content of food) oestrogen brings about a 
large improvement. In Andrews & Bohren’s (loc. cit.) study energy 
conversion was improved 40$ after stilboestrol treatment. The reason for 
the difference in the two measures of efficiency is that the weight gain 
caused by oestrogensis largely fat which has a high energy content per 
unit of weight.

The effect of oestrogen depends to some extent on the nature of the 
diet which the subjects are being fed. Diethylstilboestrol paste implanted 
in broilers (Ewing, 1963) gave a greater growth response when the birds 
were on low protein diets (14 and 16$ protein) than on high protein diets 
(18$). No increase in growth rates at all were 'obtained with oestrogen 
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treated birds on a 21% protein diet. Without hormone treatment the 
growth rate was increased as protein levels increased. The rate of 
gain of treated birds on low protein diets was the same as those on 
the 21% diet whether treated or untreated. Bird (1948) had oestrogen 
treated twelve week old cockerels on diets of 14 and 18% protein. Those 
on the lower protein diet did not grow so well as those on the high one 
but they did show an increase in fat deposition whereas the high protein 
carcasses were lean and MblueM and lacking in finish. All this seems 
to indicate that high dietary protein inhibits the lipogenic response to 
oestrogen.

The strain of bird may be important in relation to oestrogen response. 
Wesley et al (1965) found highly significant strain differences in 
response to injections of oestradiol 1?B monopalmitate given between the 
ages of six and eight weeks. Feed conversion, carcass quality, and 
tenderness were the variables studied.
Effects of Oestrogen on Metabolism.

In the last section we have shown that an increase in food intake 
is to be expected in fowls treated with oestrogen. The next task is to 
examine some of the more purely physiological effects of oestrogen with 
a view to discovering possible ways in which this increase might be 
mediated.

A survey of the literature concerning the effects of oestrogen on 
the brain reveals that no effects have been discovered which have a 
definite influence on feeding behaviour. Gordan & Elliot (1947) however, 
discovered a,n interesting effect of oestrogen on the metabolism of brain 
tissue. With rat brain homogenates they found that diethylstilboestrol 
depressed the rate of glucose oxidation. In view of the present state 
of the glucostatic theory of feeding control this could mean a reduction 
in the strength of the long-term satiety signal and, therefore, an 
increase in food intake.

The effects of oestrogen on food intake could also be wrought by 
changes in the general metabolism. In this section we shall, primarily, 
try to discover the mechanism of oestrogen induced lipogenesis and 
decide whether this mechanism could also bring about changes in food intake 
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by changing "the levels or rates of utilisation of substances in the 
blood, to which the feeding system may be sensitive.

The main effect of oestrogen on poultry carcasses is to increase 
the fat content and reduce the protein and water content (Detwiler et 
al, 1950). This requires the selective stimulation of fat synthesis.

The first investigations of this looked at the blood levels of 
1 
various metabolites. Administration of oestrogenic substances to any 
non laying fowl caused an increase in the blood lipids, triglyceride, 
phospholipid and cholesterol (lipids) (Lorenz et al, 1938; Zondek & 
Marx, 1939; Bird, 1946; Hermosura & Galang, 1967). O’Grady (1966) 
made a positive identification of oestrone and oestradiol in the plasma 
of laying hens. Entenman et al (1945) compared the effectiveness of 
these and some synthetic oestrogens in raising the level of blood lipids 
and found that stilboestrol was most potent in this respect.

A more complete list of changes in blood metabolites was given by 
Hertelendy and Taylor (1962). Oestradiol dipropionate (2mg./day) was 
injected into seven month old Brown Leghorn x Light Sussex cocks and the 
following changes were noted. Gross body weight rose by 300 gms; liver 
weight increased by a factor of three; Haematocrit count was decreased 
indicating fewer red blood cells; total blood calcium increased by a 
factor of eight; total phosphorus increased by a factor of twenty; blood 
nitrogen was doubled; total lipid was twenty four times greater than the 
pre-treatment level; phospholipid was twenty times greater; protein 
phosphorus appeared in the blood, it having been more or less absent 
previous to treatment; inorganic phosphorus was increased three fold; 
plasma citric acid was down 50^»

Bell & Mclndoe (1962) found that the levels of plasma proteins, 
mai nly phosphoprotein and lipoprotein, started to increase in Brown 
Leghorn hens about eight days before the start of lay at about the same 
time that levels of endogenous oestrogen start to rise. The levels 
dropped again after laying had started. They believed that these proteins 
had been mobilised for incorporation into the yolks of formative eggs.

Of the above effects the oestrogen induced lipemia is perhaps the 
most relevant to the problem of lipogenesis. Bird (loc. cit.) proposed 
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that lipemia is a natural response to endogenous oestrogen by which lipid 
is mobilised for incorporation into the egg. Fat synthesis results when 
lipemia is artificially induced in non-laying fowls because there is no 
egg to accept the lipids which are consequently taken up by the fatty 
tissues instead.

That lipemia is due to active synthesis at some site in the body is 
clear since it can develop even during severe starvation (rev. Lorenz, 
1954)» In Lorenz* review he also cites rather conclusive evidence that 
the liver is this site of synthesis. Ranney & Chaikoff (1951) in 
particular showed this by performing functional hepatectomy on birds 
18 hrs. after injecting diethylstilboestrol. Six hours after the operation 
blood lipids had fallen in every bird. Meanwhile, the blood lipids of 
similarly injected, sham operated controls continued to increase.

This liver synthesis, however, may not completely account for 
lipogenesis as Bird thought,since Lorenz & Bachman (194?) got an increase 
in lipogenesis in single comb White Leghorn cockerels with dienestrol 
diacetate feeding without any accompanying lipemia. Therefore, it may be 
necessary to postulate changes in metabolism at sites other than the 
liver, perhaps in the adipose tissue itself.

Another theory, proposed by Bird (loc. cit.), is that the lipemic 
response is due to a reduction in metabolic rate. Stamler et al (1950) 
however, showed that the causal connection cannot be a direct one. They 
artificially raised the metabolic rate of chickens with dinitrophenol and 
found that the lipemio response remained despite this treatment. Also, 
logically, it does not seem possible that reduction in metabolic rate could 
be the sole reason for lipemia since the increased energy balance caused 
by such a reduction should be compensated for by a reduction in appetite.

For attempts to define the mechanism of oestrogen at the molecular 
level we have to turn to mammals since information on this subject does 
not, as yet, seem to exist for birds.

From our present knowledge of neutral fat synthesis we can state that 
the process consists of the building up of double carbon units (acetyl 
coenzme A) into long fatty acid chains and the subsequent esterification 
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of these chains with glycerol to form triglyceride. The double carbon 
units can he supplied from the catabolism of dietary or depot fat, 
carbohydrate or protein. Protein is unlikely to be the source for 
oestrogen induced lipogenesis since protein catabolism involves the 
excretion of nitrogen and, at least in mammals, nitrogen retention is 
increased rather than decreased during oestrogen treatment (reg. Mietes 
& Nelson, i960). The glycerol is a product of carbohydrate metabolism. 
The synthetic pathways also require a supply of energy at ATP and reduced 
coenzyme II (TPNE E ). Most TPNH is believed to come from the catabolism 
of glucose in the hexose monophosphate shunt pathway.

The double carbon units cannot penetrate the walls of the mitochondria 
and, since most of it produced by catabolism ends up within the 
mitochondria and fat synthesis takes place outside them, their transport 
has to be arranged. Acetyl coenzme A (double carbon unit) condenses with 
oxalo-acetic acid to form citryl coenzme A which can penetrate the 
mitochondria. This, in turn, is split by an extra-mitochondrial lyase to 
produce acetyl coenzyme A for fat synthesis (rev. Datta & Ottoway, 1965).

The rate of lipogenesis can be controlled, then, either by altering 
the supply of these requirements or by stimulation of some of the enzyme 
systems involved later in the synthetic pathways. No evidence can be 
found regarding the latter possibility so we are left to discuss possible 
influences of oestrogen on the supply side.

In order for the supply of any of these substrates to control oestrogen- 
induced lipogenesis they must be in short supply and responsible for limit
ing the rate of synthesis in the absence of oestrogen. There is some 
reason to believe that ATP may be such a limiting factor. Artificially 
increasing the supply of ATP may slightly increase the rate of synthesis 
of fat, protein and other substances (rev. Villee et al, 1959)«

Also, Haynes et al (1959) reviewed evidence which shows that ATP may 
increase lipid metabolism in the liver. However, they also produced 
evidence that ATP increases the glucose uptake of certain tissues and it 
may be that this is the reason for the increased rate of synthesis rather 
that that the ATP is rate limiting in the synthetic pathway itself.
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A transaminase enzyme which can he stimulated hy oestrogen has heen 
found in the cell sap of human and rat endometrium, placenta, mammary 
gland and pituitary (rev. Tatalay & Williams-Ashman, 1959 ) which produces 
rather interesting effects. Kreb’s cycle and oxidative phosphorylation 
in conjunction are the main means of ATP production. Kreb's cycle involves 
the dehdrogenation of iso-citrate. This reaction reduces TPN to TPNH H* . 
The transaminase system, using oestradiol as a coenzyme, can reduce DPN 
to DPNH H* with the concurrent oxidation of TPNH H to TPN. Both TPNH H 
and BPNH H* can be used as substrates for oxidative phosphorylation and 
thus for ATP production. DPNH H + however, is much more efficiently used 
producing more ATP with much less wastage of energy. The other important 
point is that most TPN in the cell exists as the reduced form (TPNH H + ) 
and, therefore, the supply of TPN limits the activity of the iso-citrate 
dehydrogenase system and thus Kreb’s cycle. Oestrogen, by stimulating 
the transferase system, would create more TPN and thus relieve this 
blockage. Thus, this one system, if it were present in fowls, could 
explain increased food intake (because of increased rate of energy 
metabolism), increased efficiency of energy utilisation and, provided 
ATP is a limiting factor, the increase in lipogenesis. In fact, however, 
this mechanism is unlikely to be important since diethylstilboestrol, 
the most powerful lipogenic agent, is not thought to be capable of 
mimicking the natural oestrogen in this particular system.

We may now briefly consider the possibility of citric acid (citryl 
coenzyme A) being the limiting factor. Rather contradictory evidence 
to the above has shown that diethylstilboestrol may inhibit Kreb’s cycle 
and oxidative phosphorylation (rev. Villes et al. 1959). Meijer & Tager 
(1966) found that substances which so limit oxidation increased the 
permeability of the mitochondria to citric acid. Hertelendy & Taylor 
(1965), however, failed to find any reduction in tissue citric acid in 
sexually immature pullets after oestradiol administration. This weakens 
rather than rules out the possibility that increased availability of 
extra-mitochondrial citric acid is the means of stimulating lipogenesis.

Stilboestrol added to rat liver slices caused a speeding up of 
hexose-monophosphate shunt activity (McKerns & Bell, i960). Since a 
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product of this pathway is TPNH H+this provides a means "by which another 
of these substrates for fat synthesis could be regulated by oestrogen.

One final possibility deserves mention. Ball & Jungas (1964) showed 
that insulin not only increased the permeability of fat cells to glucose 
but also affected many key enzyme systems within the cells in such a way 
as to speed up the entire metabolism of adipose tissue including fat 
synthesis. It is also known (rev. McKerns & Bell, i960) that oestrogen 
enhances the insulin response of muscle, liver and fat tissue of rats, 
at least as far as permeability to glucose is concerned and, perhaps, 
the synergism extends to the intracellular enzyme systems. Be that as 
it may, synergism between oestrogen and insulin at any level in the 
adipose tissue is likely to lead to an increase in the rate of fat 
deposition.

In conclusion we have to admit that no positive statements can be 
made concerning the precise mechanism of oestrogen’s effect on fat 
metabolism.



38

THE PHYSIOLOGY OF EC-G PRODUCTION

The ovary of the laying hen contains some five to eight follicles 
of between one and. eight grammes in weight (rev. Fraps, 1955)* Each 
follicle is in a state of rapid, growth and. each is at a different stage 
of development so that they become mature and ovulate in sequence 
with seldom less than 24 hrs. between each ovulation.

Ovulation and the consequent processes by which the yolk is built 
up into an egg were observed by Warren & Scott (1935)* They celiotomised 
12 White Leghorn hens and observed the formative processes directly with 
the birds under anaethesia. Later they autopsied a number of birds at 
various times after laying to check that the rate of egg formation was 
not influenced by the previous procedure.

At the cephalic end of the oviduct is the infundibulum which is 
intensly active before ovulation and begins to engulf the follicle 
within three minutes of its ovulation and completes the process in 
13 minutes. After a stay of about 18 minutes in the infundibulum the 
ovum passes on to the magnum which is the next section of the oviduct.

As it passes along the 40 cm. length of the magnum the yolk 
accumulates egg white albumen. It takes an average of 174«2 min. 
(range 164-180 min.) for the egg to complete its journey through this 
region.

After this the egg receives its shell membranes and a large part 
of its moisture content in the isthmus. The length of this is about 
10 cms. and the egg requires an average of 73.6 mins, (range 64-95 mins.) 
to clear this section.

The last important region of the oviduct is the 10 cm. long, highly 
muscular uterus or shell gland. In this section the egg gains a little 
more water, the membranes are smoothed and calcium is secreted onto them 
to form the shell. Burmester (1940, rev. Fraps, 1955) found that this 
secretion proceeds rather slowly during the first 5 or 6 hrs. of an 
egg’s stay in the uterus but, subsequently, calcium deposition is at 
a fairly constant rate until the egg is laid. Time spent in the uterus 
according to Warren & Scott is 20 hrs. 40 minutes.
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When laying is to occur on a day following a laying day the 
ovulation of the next egg, typically, takes place soon after oviposition. 
Warren & Scott estimated that average time from oviposition to ovulation 
is 30.7 minutes (Range 14-75 minutes). The total time taken to complete 
these processes of egg forma,tion after ovulation is 25 hrs. 6 minutes.

Fowls lay their eggs in sequences, often called clutches, in which 
an egg is laid on one or more days followed by one or more days on which 
no egg is laid. When lay is at a rate of 50% or more (i,e. one egg every 
two days) one day of lapse between sequences is usual. Such a laying 
cycle, in which only one day is missed between sequences, is designated 
a closed cycle by Fraps (1955)» The timing of events in such cycles has 
been studied and it has been found that some of the temporal relationships 
given above from Warren & Scott’s work are influenced by the length of 
sequence and the position of the egg within each sequence. All the 
subsequent information relates to birds kept on a lighting schedule of 
14 hrs. light, 10 hrs. of darkness.

The term lag is used when describing the temporal patterning of 
ovipositions or ovulations. Except in lengthy sequences each oviposition 
beyond the first takes place later in the day than its predecessor. Lag 
is the difference in times of day at which ovipositions occur on 
consecutive days (i.e. the time elapsing between ovipositions minus 24 hrs.) 

When there are only two eggs in a sequence the average value of lag 
found by Fraps was 4*53 hrs. In three egg sequences the lag values were 
2.72 hrs. and 3.97 hrs. between the first and second and second and third 
ovipositions respectively. The typical pattern of lags in longer sequences 
is illustrated in the values found in five egg sequences which were 1.63, 
1.47> 1.52 and 3.13 hrs. This shows that the last lag is much longer than 
those in mid-sequence and that the first lag is also quite long. The 
largest total lag between the time of the first and last oviposition of 
a sequence was found to be about 9 hrs. even in the longest sequences 
studied. This means that there are only about 9 hrs. in the day on which 
eggs can be laid and also that as sequence length increases lag values 
decrease. Following the pattern shown above for five egg sequences it 
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was found that lag values in mid-sequence are smallest and may reach 
negative values (i.e. time between oviposition of less than 24 hrs.) 
when eleven or more eggs are laid in a series.

The importance of lag in relation to the timing of egg formation 
processes as given by Warren & Scott will be obvious. A long lag means 
that some of these processes must take longer, whereas a short lag 
requires the reverse. We must now try to discover, as far as possible, 
how the timing of these processes varies in relation to lag.

Only two components of the time elapsing between consecutive 
ovipositions have been so studied. One is time taken between oviposition 
and the following ovulation, the remainder being lumped together as total 
time spent in the oviduct (oviducal time).

Phillips & Warren (1957) found that the mean interval from lay to 
associated ovulation was 32.2 minutes (range 7 to 74 minutes) thus 
corroborating the earlier finding of' Warren & Scott but they further 
noted that this interval was correlated with the mean lag within 
sequences. The relation was by no means strict in individual cases 
but, in general, the shorter the lag the shorter was the interval between 
lay and ovulation. When lag was about one hour the interval was about 
20 minutes rising to about 50 minutes with lags of 5 hrs.

Of the 4 hrs. difference between lag lengths then only -§■ hr. is 
accounted for by variation in time from oviposition to ovulation the 
compliment being oviducal time which will consequently increase by 
3-2 hrs. as the lag increases from one to five hours. Since Warren 
& Scott (1935) found that the egg traversed the magnum in a fairly 
characteristic fashion it may be tentatively assumed that variation in 
oviducal time is accounted for mainly by variation in time spent in the 
shell gland.

Having thus accounted for the events occurring between the laying 
of the first and last egg of a sequence, the only remaining gap to be 
accounted for is the formation of the first egg of the sequence from its 
ovulation to its oviposition.

Since the above information allows the time of mid-sequence ovulations 
to be fairly accurately determined by observing ovipositions Fraps (1955)



DAYS

£ H Q K E

TIME 
21700“ 

I
22.00 -

23.00 -

24.00 ‘

1.00 -

2.00 -

3.00 -

4.00 '

5.00 .

6.00 -

7.00 --

8.00 ■

9.00 ‘

10.00 .

II.00 -

12.00 -

13.00 -

D 14.00 - 
A
Y 15.00 -

16.00 -

17.00 '

18.00 -

19.00 -

20.00 ■

___2LÛÛ—

Fig. I TIMING OF THE PROCESSES OF EGG FORMATION. 



41

was able to autopsy birds at varying intervals after ovulation and 
construct a curve relating the position of the egg in magnum to the 
time elapsed since ovulation. Then by autopsying another group of > 
hens after their first ovulation he could rather accurately determine 
its timing from the position of the egg in the magnum. His results 
can be summarised in the striking empirical finding that the lag 
between the first two ovulations of a sequence was the same as the lag 
between the last two ovipositions of the same sequence. This provides 
enough information for locating the first ovulation of any sequence 
for which the laying times are known. This finding also means that 
first and last eggs of any sequence have the same oviducal time. On 
14 hrs. light hens laying short sequences had their first ovulations 
about an hour before the light came on. (See Fig I).

Attempts to understand the mechanisms which control the laying 
cycle have ledtOv the discovery of certain temporally located 
endocrinological events. Nelson & Nalbandov (1966) measured plasma 
levels of luteinising hormone in White Leghorn hens at intervals between 
the times of first oviposition and the third ovulation of a sequence, 
these hens having been selected as regular layers of three egg 
sequences. Three peaks of luteinising hormone release were found. The 
first occurred 5 hrs. after oviposition or 19 hrs. prior to the 
ovulation of the next ovum. Such a release is probably caused by a neural 
stimulus or the withdrawal of neural inhibition as the egg leaves the 
magnum. Foreign bodies in the magnum have been found to prevent 
ovulation (Houston & Nalbandov, 1953; van Tienhoven, 1953» Farrington 
et al, 1966) presumably by neural inhibition of luteinising hormone 
release. The next two peaks occurred at 13 hrs. and 8 hrs. before 
ovulation. Rothchild & Fraps (1949) were able to cause luteinising 
hormone release 6 to 8 hrs. prior to ovulation by injecting progesterone. 
The 8 hrs. release may, therefore, be due to a hormonal signal. Van 
Tienhoven et al (1954) were able to produce blockage of ovulation by 
the administration of an adrenergic blocking agent, the most effective 
time for such treatment being 14 hrs. before expected ovulation. It, 
therefore, seems likely that the 13 hrs. release is neurally mediated.
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Further proof of the existence of these three peaks of luteinising 
hormone release was produced by Bullock & Nalbandov (1967). They, 
however, extended their study over a longer period and found that this 
sequence of peaks failed to occur after the oviposition of the last 
egg in a sequence.

Certain endocrine activities are believed to take place around the 
time of lay which may be functional in producing oviposition and perhaps 
also the nesting behaviour which accompanies it. Tanaka & Nakajo (1962) 
showed that oxytotic hormones were released from the pituitary just 
prior to oviposition. Both oxytotic and pressor principles from the 
pituitary are capable of producing premature oviposition (Burrows & 
Fraps, 1942; Tanaka & Seiichi, 1962).

Neuroendocrine changes, relating to lay, take place in the hypothalamus 
Opel (1967) found that a material, stainable with aldehyde-fushin, 
accumulated in the supraoptico-hypophyseal tract of neurohypophysectomised 
hens about an hour before lay and became suddenly depleted about one 
minute after lay.

The timing of oviposition and of nesting behaviour depends on the 
post-ovulatory follicle from which the egg has been ovulated a day 
previously (Rothchild & Fraps, 1944j rev Fraps, 1961; Wood-Gush & Gilbert 
1964). Gilbert & Wood-Gush (1965) found that cocaine injected into the 
stalk of this follicle prevents ovulation indicating nervous involvement 
in the post-ovulatory follicle’s activity. Thus neural, neuroendocrine, 
and hormonal variables may be involved at the time of oviposition.

Another endocrinological change, important in relation to the present 
study, which takes place during the ovulatory cycle was discovered by 
Mather & Common (1966). They studied the urinary oestrone levels in two 
Rhode Island Red hens kept on a lighting schedule of 6 a.m. to 8 p.m. 
Urine samples were taken at six-hourly intervals at 6 a.m., 12 noon, 
6 p.m. and 12 midnight. Peak oestrone levels were found in periods which 
were 0-6 hrs. or 6-12 hrs. previous to oviposition. Thus it may be deduced 
that there are cyclic variations in oestrone levels within the hen. The 
timing of the peaks tempt the suggestion that an increase in oestrogen
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secretion follows the release of luteinising hormone for ovulation.
The purpose of mentioning all of these physiological processes is 

that any could, influence the food, intake trends to be studied in the 
next section. (See Fig. 2). Any further discussion of these will be 
dictated by experimental findings.



PART 11

FOOD AND WATER INTAKE IN
RELATION TO EGG FORMATION PROCESSES
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PART II.

Experiment I — Food & Water Intake in Relation to Egg Formation Processes 
ihe main object of this experiment was to discover whether there are any 

fluctuations in food or water intake temporally related to processes of egg 
formation. In particular,it was of interest to find out if the high 
endogenous levels of oestrogen which, as described earlier, seem to exist 
before lay are associated with high levels of food intake.

Two methods were used to obtain the observations necessary for this 
study. These will be^described separately but it will be useful to discuss 
all the results together. 
Materials & Method - I

Two birds were kept under observation simultaneously. They were kept 
in a small 9 ft. by 10 ft. room together with approximately 10 other birds, 
each individual being confined in a wire laying cage with a sloping floor,. 
The dimensions of this were 12 ft. by 20 ft. in area and 14" to 18" in height. 
Oyster shell and flint grit were always available.

Heating was supplied when necessary by means of a thermostatically con
trolled electric convector heatero The room was artifically lit and birds 
were kept on a lighting schedule of 14 hrs0 light per day (07o00 - 21.00 hours).

Food was supplied to the birds in a perspex box 7" x 6" x 8" with a hole 
of about 2" in diameter cut with its centre about 3" down from the lip of the 
boxo The hens could easily get their heads through this to eat but found it 
virtually impossible to scatter any food«, The food given was I.C.I. Broiler 
Breeders Pellets. The feeder for each cage was fixed to the weighing pan of 
a weighing machine so that the amount of food eaten could easily be determined 
at any time.

Water consumption could be read off specially made water towers which con
sisted of inverted 500 ml. plastic measuring cylinders which fed water into a 
small perspex water trough, about 2" long by wide by deep from which, it 
was believed, spillage was minimal. Evaporation from these towers was tested 
and found to be negligible, being responsible for an error of about 0.1%.

Observations were taken of the amount of food in the crop. This could 
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only be estimated "by palpating and giving a subjective score of between 
0 and 5 depending on the degree of fullness of the crop. An estimate of 
the equivalent value in grams is given for each of these scores below.

Score Grams
5 80 - 100
4 50-80
3 30 - 50
2 10-30
1 1-10
0 0

The procedure for taking observations was to visit the birds every hour
during the hours of light for five days each week, and note the readings for
crops, food and water intake and also whether or not the birds had layed 
during the previous hour. Two short-comings to this pattern of observation 
have to be admitted. During the last four hours of daylight each day, i.e. 
17.00 and 21.00 hours only two observations were taken at 2 hourly intervals. 
It was mistakenly assumed at the start of the experiment that no food was 
eaten during the hours of darkness and, therefore, the reading for the first 
hour of the day included overnight intakes. Later some observations were 
made before the lights came on in the morning so that a correction for over
night eating and drinking could be made.

A number of observations of days on which no egg formation processes 
took place were required, and since a sufficient number of these did not 
occur naturally, it was decided to induce moulting by the intramuscular 
injection of large doses of progesterone (30 mg.) in arachis oil.

From the evidence of Adams (1955), Harris & Chaffner (1956) and Himeno 
and Tanabe (1957) it was estimated that this dose should be sufficient to 
produce a moult of at least two to three weeks duration. Second doses were 
given when a moult was not successfully induced. Records were always dis
carded for at least 4 to 5 days after progesterone treatment.

Four hens were used in this part of the experiment which we shall refer 



46.

to as A, B, C, D. These were all "B" line Brown Leghorns as maintained at 
the Poultry Research Centre and A and B were in their second year of lay and 
had experience of being kept both in cages and in small deep litter pens. 
Birds C & D were in their first year of lay and had experienced cages only. 
All had been reared in colony cages.

Observations on birds A & B were carried out between the 23rd of November 
1966 and the 26th May, 1967» During this time the temperature was controlled
as nearly as possible at 18°C, but tended to rise slightly and average about 
20°C in the spring. These birds were put back for another spell of obser
vation between the 14th of December, 1967 and 16th January, 1968, after 
progesterone treatment since it was decided that more observations from non 
egg forming days were required. The temperature at that time was averaging 
17 °C.

Birds C and D were observed between the Jth of May, 1967 and the 27th 
November, 1967. There was a gap in the observations during the month of 
September while both birds were given two injections of progesterone. During 
the summer months the temperature averaged 19°C and was 17°C during the last 

spell of observation. 
Materials & Method II

A Skinner box was used to get rather more complete records of feeding. 
The equipment used was that designed for use with pigeons by Grason & Stadler. 
This was adapted for use with larger birds.

The bird under observation was kept in a wire cage 14" x 24” in area 
sloping from 14” to 18" in height. The cage along with the panel of the 
Skinner box was housed in a large ventilated sound proof cabinet. The bird 
was, therefore, virtually, in an isolated environment.

Birds were trained to peck at a disc on the panel, this response being 
reinforced by food crumbs being made available for a predetermined interval. 
The hens were allowed to adapt to the box and the schedule of reinforcement 
was adjusted so that the birds were made to work reasonably hard for their 
food on a schedule of 5 responses for 5 seconds reinforcement.

The aim in choosing this schedule was to try and ensure that birds took 
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advantage of the reinforcements by eating as much as possible on each occasion. 
In this way it was considered that the number of responses made would be a 
good index of consumption. At the same time the schedule had to be easy 
enough to allow the birds to obtain sufficient food to maintain egg pro
duction and also it seemed that too rigorous a schedule could mask some of 
the changes in food intake which were the object of the study.

A series of electronic counters were used for recording responses. A 
switching device moved the response signals on to the next counter in the 
series every 20 minutes so that counters would record the total number of 
responses made in each 20 minute period throughout the 14 hours of light. 
More detailed records were made on a paper trace on which responses, 
reinforcements and egg laying were recorded.

The mechanism for recording the time of egg laying consisted of a swing
ing gate which ran along the side of the cage and was caused to swing back 
and operate a micro-switch as the egg rolled down the sloping floor.

In its cage the bird had 14 hours of light from 03.00 to 17.00 hours.
The Skinner box panel was switched off at the same time as the lights so that 
there was no possibility of overnight feeding.

The times of necessary attendances on the bird for feeding, cleaning, etc. 
were randomised as far as possible. Water, oyster shell and flint grit were 
constantly available.

The two birds which were successfully studied in this manner, to be 
called E & F, were 'J* Line Brown Leghorn hens in their first year of lay and 
with no experience of deep litter and reared in a similar fashion to C & D.

Bird E was observed from the 17th July, I967 to the 16th September, 1967. 
Progesterone was given on the 18th of Augusto

Bird F was observed from the 18th of January, 1968 to the 26th March, 1968. 
Progesterone was given on the 5‘th. March.

Temperature in the Skinner box was always approximately 21°Ce 

Results & Conclusions
In looking at the results obtained the data were classified into 

categories depending on the type of day on which they were obtained. Four
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classes of days were recognised. Days, designated X - days, on which neither 
ovulation nor laying occurred; L - days on which laying occurred hut no 
ovulation; LO - days on which "both laying and ovulation occurred; 0 days 
on which ovulation occurred hut no laying. The basis of this classification
can he clarified by reference to figure I. The zero hour for each day was
22.00 hours.
Relationship between Hourly Food & Water Intakes

Taking data from X days (days with no laying and no ovulation) correlation 
coefficients were calculated using about 80 pairs of readings from each bird to 
try and determine to what extent the water intake in any hour was related to the 
food intake during the same hour. X days were chosen because there was less 
chance of any egg forming process having a coincident effect on both food and 
water intakes and altering the normal relationship between them.

The correlation coefficients found were as follows

Bird Correlation Coefficients Probability
A 0.817 P < 0.001
B 0.502 P < 0.001
C 0.575 P < 0.001
D 0.624 P < 0.001

These figures lead one to expect a fairly close relationship between
food and water. Graphical examples comparing food and,water intake are
given in figures 3 & 4. These show that the relationship is not all that 
close. From Fig. 3 it is possible to suggest that the correlation arises 
because both food and water intakes tend to be high during the first hours 
of the day and tend to be low towards the end. Also from examination of the 
raw data it is possible to suggest that the relationship between them is most 
marked on hours with a high food intake which are usually accompanied by high 
water intake.

In spite of these limitations these correlation coefficients give rise to 
some expectation that food and water will behave in a similar manner in the 
following studies.
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Total Daily Food & Water Intakes on Different Classes of Day
There are two main reasons for examining the total food and water intakes 

"by class of day. First of all to verify an obvious expectation that the 
nutrient and water demands for egg formation would increase the intakes of 
both and thus that intakes on X days would be less than on other classes of 
day. Secondly, it will be realised that not all of the processes of egg 
formation will be present on each of the classes of day L, LO, & 0. A clue 
to any gross effects which any of these may have could be found in a comparison 
of the average daily intakes in each class of day.

The statistical analysis of these results was done by analysis of 
variance (see Table l). Two analyses were done for each group of birds and 
also for each individual in which intakes on different classes of day were 
compared » The first of each of these pairs of analyses was done on the data 
from all four classes of day while the second included LO, L and 0 days only. 
When more than one bird was used in any analysis the variance due to between
bird effects was analysed out. In all cases the variance ratio of between 
class to within class of day variance was calculated and is given in the table.

Considering the group analyses for food intake and responses we find that 
the variance ratios for all four classes of day showed (P <_ 0.001) a highly 
significant between class effect i.e. food intake was not the same on all four 
classes of day. In both groups, however, there was no such effect when LO, 
L and 0 days only were considered6 This strongly indicates that the only 
detectable effect was that between X days and all other classes of day.

The average food intake on X days was 89.3 grams and on L days (the 
lowest of the other three classes of day) it was 100.7 grams, the difference 
being 11.4 grams. Using the within class of day variance from all four 
classes of day to estimate the standard error, a Student’s ”t” value of 2.92 
was calculated for this difference. Statistical tables give the probability 
of this value as P ( 0.01, but in this type of calculation P 4. 0.001 is 
desirable before drawing firm conclusions. This is to take account of the 
fact that when there are, for example, 4 classes to compare there are 6 
possible pairs of classes for which "t” tests can be done. Under the null 



50

hypothesis that there is no difference "between classes one can expect a ”t” 
value with P \ 0.05 to occur "by chance once in every 20 tests o Thus it 
will he seen that repetitive tests can give rise to some spurious results. 
The higher significance criterion of P 0.001 compens ates for this effect. 
The differences L0 - X (105.8 - 89.3 gms. - 16.5 gms) and 0 - X (102.4 - 
89.3 gms. — 13.1 gms), easily fulfilled this condition and we can consider 
these differences significant.

The average number of responses for the two Skinner Box birds considered 
together was 1,446 on X days and 2,475 011 L duys (again the lowest of the other 
three classes) the difference being 1,029, yielding, in similar manner, a "t” 
value of 6.66 (P <, 0.001) which was highly significant. Therefore, number 
of responses on X days is lower than on any of the other classes of day.

By looking at each individual we can assess how consistent the above 
effects were. All "t" values quoted will be calculated from the within class 
variance for each individual bird from the analysis of variance for all four 
classes of day and the significance criterion will continue to "be P ( 0.001.

In all birds the average intake on X days was less than on any other class 
of day thus showing quite a high degree of consistency. For birds A and D, 
however, the class effects were not significant. For the rest the differences
between X days and the lowest or second lowest 
were as follows:—

of the other three classes of day

Bird Difference Used Difference "t" Probability
B 0 - X 25.8 gms. 2.78 P < 0.05
B L - X 31.8 " 3o76 P < 0.001
0 L - X 3.5 " 0.47 U.S,
0 L0 - X 15.2 " 2.23 P 4 0.05
E L - X 1274 responses 6.34 P 4 0.001
F L - X 547 2.48 P < 0.05
F L0 - X 736 " 3.31 P < 0.01

Differences between X and L days were, therefore , significant for only two
individual birds and in one of these (B) there was a :reversal of the usual trend



in that the 0 day average was lower than the L averageo
A consideration of individual "birds, then, did not give much support to 

the group findings. That evidence alone,however,should he sufficient to 
prove that food intake on days with no laying and no ovulation (x) days was 
lower than on days with ovulation (10 and 0 days).

Looking at the variance ratios in table I for the three classes of day 
(L0, L & 0) we can see that there was very little evidence for any differences 
in average total daily food intake or average daily number of responses between 
the three classes of day. The only significant variance ratio was obtained 
from bird 0. From ”t" tests it was shown that the only significant difference 
in this bird’s results was that between L and 0 days (P C 0.001).

The group analysis of water intake data for all four classes of day gave 
a highly significant result (P 0.001) indicating between class of day 
differences in water intake.

From a calculation of "t" values for differences between pairs of classes 
it was found that the only significant difference was between X and L days 
(350.3 - 232.0 miso - 118.3 mis.) The "t” value for this was 5°O3 (P < 0.001).

An examination of results from individual birds revealed some important 
pointso For bird A "t" tests between pairs of classes revealed that they were
all significantly higher than X days. Birds B and G gave no significant results. 
In bird P the overall trend was reversed in that the average water intake was 
less on X days than on L days but this was not significant. L0 and 0 days were 
however significantly higher than X days for this bird when tested by "t” test.

The fact that bird D gave this contradictory result must throw some doubt 
on the overall conclusion that water intake was higher on X days than on L days. 
In the course of taking the observations a few X days occurred without the 
administration of progesterone. There were too few of these to give any 
statistical determination of the effect of progesterone on water intakeo 
Nevertheless, it was noticed that water intake was always low on naturally 
occurring X days and, therefore, it is possible that the high X day water intakes 
were due to an effect of this hormone.

"We must now consider the analysis of variance for water intakes on the



three classes of day LO, L and 0. The group analysis gave a variance ratio
of 3.40 (P < 0.01) thus indicating class differences. The difference LO - L 
(283.9 - 232.0 mis. = 51.9 mis.) gave a "t" value of 4.27 (P < 0.001) and 0 - 
L (293.I - 232.0 mis. =• 61.1. mis.) had a "t” value of 4.73 (P < 0.001), both 
significant. The difference 0 - L0 (293.1 - 283.9 mis. = 9.2 mis.) however 
was not significant.

Looking at the average water intakes for individual birds we see that there 
was a consistant trend 0>L0>L which was consistent with the conclusions of 
the last paragraph.

Only birds C and D considered on their own gave variance ratios large 
enough to indicate class differences. Bird 0 gave the following ”t” values

Difference
46.9 mis.)
19.4 mis.)
66.3 mis.)

"t"
2.80
1.09
3.50

Probability
L0 - L
0 - L0
0 - L

(212.3 - 165.4
(231.7 - 212.3
(231.7 - 165.4

P

P

<

<

0.01

0.01

and bird D gave 
L0 - L (275*3 - 212.2 63.1 mis.) 4.16 P < 0.001
0 - L0
0 - L

(294.1 - 275.3
(294.1 - 212.2

18.8 mis.)
81.9 mis.)

1.08
4.91 P < 0.001

Therefore only bird D on its own gave significant results.
The conclusions from this section concerning food intake are that 0 days 

are greater than X days and that LO days are greater than X days.
For water intake the conclusions are that 0 days are greater than L days 

and that LO days are greater than L days. Water intake on X days was greater 
than on L days but this may have been due to an effect of progesterone.
Short Term Trends in Food & Water Intake

First examination of the results was done by drawing graphs similar to 
those in figs. 4 - 9 which hourly intakes are plotted in temporal sequence.

The graphs were studied in detail to try and detect a) any regular 
fluctuations in food or water intake and b) any consistent pattern of intake 
temporally related to the processes of egg formation.
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Examination of some days suggested that there were regular fluctuations 
such that levels of intake reached a high point every four hours and a low 
point two hours after each of these peaks. Further investigation, however, 
revealed that this was not a regular phenomenon.

In relation to egg formation it was found that food and water intakes were 
usually at a low level for one to two hours before lay and at a high level in 
the hour on which lay occurred and often remained high for one or two hours 
thereafter« Randomly chosen examples of this can be seen for L and LO days for 
food intake (bird A) in fig. 5, for responses in the Skinner box (bird F) in fig. 6 
and for water intake (bird A) in fig. 7.

Another two points, which are not too well brought out in the examples 
chosen, were noted. Food intake and water intake are usually high during the 
first hour of the day, and towards the end of each day the levels of intake 
fall off. For convenience we shall subsequently refer to these as ’breakfasts’ 
and ’suppers' respectively.

Graphs of similar kind were also used to compare the detailed patterns of 
food intake for birds kept in the social environment and those kept in isolated 
conditions in the Skinner box. Two examples are given for comparison in figs« 
8 and 9. These are X days on which there were no interfering effects of egg 
formation.

It was concluded from a study of these graphs that the patterns were 
essentially similar in the two environments, the only noteworthy difference 
being that fluctuations in the level of food intake were much more violent in 
the case of the Skinner box birds. Many hours with no responses occurred whereas 
hours with no food intake were rare. Food intake in the socially maintained 
birds was at a more even rate throughout the day• Bird B was an exception to 
this rule and spent many hours without eating. This leaves a doubt as to 
whether this difference was a function of environment or of birds' individuality.

Before further describing our method of investigation we must discuss a 
point of statistical logic. It is difficult to estimate the probability of 
any effect which occurs at one point within a large quantity of data when we 
are searching for effects without any firm hypothesis. Even in sets of random



30

FOOD 
INTAKE 
GMS.

10

20

FOOD 
INTAKE
GMS.

10

20

TIME OF DAY
Fig. 10 AVERAGE HOURLY FOOD INTAKES



30 BIRD A L-DAYS

20

FOOD 
INTAKE 
GMS.

10

FOOD 
INTAKE 
GMS.

Fig. 11 AVERAGE HOURLY FOOD INTAKES



150

zoo

WATER 
INTAKE 
MLS.

50

60

40

WATER 
INTAKE
MLS.

Fig. 12 AVERAGE HOURLY WATER INTAKES



Fig. 13 AVERAGE HOURLY WATER INTAKES



TA
BL

E 
11
. A

VE
RA

GE
 H
OU

RL
Y 
FO

OD
 I
NT
AK
ES
 (

GM
S)
 B

Y 
CL
AS
S 

OF
 D
AY
. H

OU
RS

 O
F 

LA
Y 

EX
CL
UD
ED
.

x KO ■'-X KO

Nu
mb

er
s 

in
 b
ra

ck
et

s 
ar
e 

th
e 

nu
mb

er
 o

f 
ob
se
rv
at
io
ns
 f

ro
m 
wh

ic
h 

ea
ch

 a
ve

ra
ge

 w
as

 c
al
cu
la
te
d.



TA
BL

E 
II
I.
 AV

ER
AG

E 
HO

UR
LY

 W
AT

ER
 I

NT
AK
ES
 (

ML
S.
) 

BY
 C
LA
SS
 O

F 
DA
Y.
 HO

UR
S 

OF
 L

AY
 E
XC

LU
DE

D 

HO
UR

S 
OF
 D

AY

OAz-x LfAz-x Qz-s x+*z—x CxJz's rd z-s MOz-s i-4 z**x
CM • o • OA • OA • CD • m • MO • OA • t*—•

1 CD rd r—4 t*~~ r-4 MO rd i*—1 r4 '■=$" r-4
o pz^x__x CMs—» CM CM i-4 '—z |—4 X-_Z f—4 x-_-z r—4 '•—■z
CM

ZX z-—x l(A X Z~A -r—xo X? Z^* VU X X Z"~X M z—X l—l z—\
CM • o • OA • MO • pp^ • MO in • f*"" ;

1 OA rd M- rd CM'— m—z t'— r-4 MD rd r-4 M- r4
CA pO x -z CMx_z CM CM r-4 v—z rds—z F-4 Z r-4 v-z
rd

CA 't'o VO x—x OAz s Z— MO z—xtT'o‘ t CO
• pP'J • OA • O\ • MO

! MO rd t— CM Hs-z OA rd CD rd MDs-z O rd
CO Xj~X—Z CM-—z CM rd s—z rd—' f*"4 CM—z
rd

CD rd z-x CMz-x xj-z'—x MO-—s MD z-x fx--Z“"X fs—Z—X
• O • rd o • co • UA • O • CA • MD

! UA rd r— cm X CMs_z O rd CD CM CMs-z
t_O\x^z CMs—z CM CMs—z rd—z r—*1

nd

rd

Oz~x x4“z—x z— UAz-x LT\z—x |jf*\z—X f*-)Z*-X OAz-x
rd • o • sS • CD • ua • rd • CD • t""—

1 O rd m rd MOs— CD rd •"V CM UA rd
MO CMs_z CM | X —Z rds-z rd rd s—*
rd

MO OAz-x POz—x t—4 z***x CMz-x
rd • rd • c— • C*—- • m • o • OA • r-

1 xf' rd CM rd CO s—z CM r-4 UA CM LTAs_z r4
MA mx-z CMs—z rd r-4 z r—4 Z rd s—z
rd

UA ®zx *^X^* Z**" **• m pr^ z1—x C\Z—X. CO Z~"X
• rd • r-4 * t*— in * r~— • co

t -V rd r-4 r-4 Ox^ M" r-4 m H l(~yx z CM rd
VxZ CO X Z r-4 CM r-4 z r—4 x_~z CM—z

rd

xf CO z~s t~-z-x t—«—x t— ̂ s MD z-x co z-x UAz-x t"z-x
rd • CM • OA «00 • t— • MA • O • m «CO
I r-l r-l O\s—z V'— VO--Z M) H OH Tj- rd m rd

rn UAx_z CM rd CM CM-— rd—' '— rd-------

PO X^J“Z—x COz-x t*—x—x t^-z—x PQ z—X CAz-x UAz-x CMz-x
F—4 • CM • UTA • co • CO • in • CD • PO • CA

1 — r-4 UAs—> M0s_z MD'— r-H r-4 xrj**x -Z CO rd m rd
CM f*Z^X _z CM CM m CMx^z r-4 K^_zZ Hxz
rd

11
-1

2 

43
.5

 
(1

2)
 

A
l .

7

> m » ca «co •
1'— C-'— Hs-Z CC

rd MA r-

IZ-X o b-z-x (X
»in • t*- • in <
* r-4 mx_^ f— r4
|V_Z r-4 X^z r- (1
9)

rd
1

O 
rd

CMz-^
• CM 

m r-4 
inx-z

^'5' 

UAs-z 
CM

CO^
• ox 

Ox-z 
CM

MDz-x
• CO 

m

^*tn 

t— r-4 
r4 x-x

tnz-x
• co

OAz-x
• MD

OA rd

in^^
• o\ 

O r-4 
r4 *x-z

o CM z—x C*—z—X CMz-x OAz-x OXz-x CMz-x CT\z—' PQz-x
4 • CM f—4 • CO • t“—— • • in • CM • o\
1 

OA
r-4 t-4 
in'—'

CO rd
CM—z

PPJV~*Z OA'----
CM r-4 x^z r4

OA CM r4 r-4

CMz-x ®zx t*—Z—X O\z—X O\z-x CMz-x A-ZX VOz-x
CA • CM • rd • CO • t*— * "*xf" • O • CM •

i 
CO

tn r4 O rd
ms—z

KO'—z 
CM m^ rd rd

CMs—,
VO r-4 CM CM 

rd s—z
VO r4 
r-4 —z

VOz-x OAz-x PQz—x -z—X Oz-s i-4 z—X CMz-x PO<—\
X F—{ • rd • • • MO • o • r-4 • CA

rd rd tA- rd KOx^ CMs—' O rd r-4 r-4 MD rd m rd
MAs_z 
rd

pO UA UAs_z X^"X_-Z MDx_z UAs—z

Nu
mb
er
s 

in
 b
ra

ck
et

s 
ar
e 

th
e 

nu
mb
er
 o

f 
ob
se
rv
at
io
ns
 f

ro
m 
wh

ic
h 

ea
ch
 a

ve
ra

ge
 w

as
 c

al
cu
la
te
d.



53

numbers coincidences can occur which, have a low probability when considered 
in isolation but which are not improbable in large quantities of data« In 
order to avoid giving significance to such coincidences the data from a number 
of birds can be split up. The data from one group can then be examined for 
the purpose of forming hypotheses. These hypotheses can then be tested using 
uhe date from the second group. Birds A and. B were, therefore, examined for 
the purpose of. forming hypotheses to be tested in the data from the other birds.

A graphical procedure was again employed, graphs being plotted for birds
A and B as illustrated, for Bird A, in figs. 10 - 13. The figures from which
these were plotted are given for both A and B in tables II and III. These 
figures were obtained by averaging hourly intakes for each hour of the day this 
being done for each class of day separately. Since we had already been able 
to detect effects on food and water intakes around the time of lay, all figures 
obtained on L0 and L days during the five hours centred around the hour of lay 
were excluded from these calculations.

Looking first at food intake trends on X days which gives us the diurnal 
rhythm of food intake uninfluenced by egg formation (fig. 10 and table II) we 
can see that apart from 'breakfasts' and 'suppers' food intake was at a fairly 
constant rate throughout the day. The diurnal rhythm for water intake was 
similar (fig. 12 and table III).

The other points concerning food intake which were brought out by examining 
these graphs were that 'breakfasts' were large and 'suppers' small on each class 
of day. There is also a tendency for food intake to increase gradually through
out 0 days. Therefore, it seems that there is a gradual increase in food intake 
following ovulation. Another point which may be due to the same effect was 
that food intakes on the last half (’afternoons') of L0 days was higher than at 
the same time of L days.

Looking at figs. 12 and 13 and table III we can see that the same trends 
were found in water intake except that the tendency for water intake to fall off 
towards the end of the day was not so marked.

From our examination of diurnal rhythms it appeared that the only diurnal 
effects which could confound an attempt to detect egg formation effects were 
'breakfasts' and 'suppers'. The data, excluding 'breakfasts' and 'suppers',
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was then arranged in columns synchronized at the hour of lay and the average 
food and water intakes were then found for the hour of lay and for as many 
hours "before and following lay as the data would permit. The results are 
shown for food intake for "bird A for LO and L days in fig. 14 and for water 
intake in fig. 15 . All the figures are given for birds A and B in tables IV 
and V. From these we can see that for both food and water on both LO and L 
days there was a falling off of intake from about two hours before the hour 
of lay and intakes were high during the hour of lay and remained high for one 
or two hours thereafter. On LO days there was also a tendency for intake to 
increase gradually after lay.

0 days were also plotted in this fashion being synchronized at the assumed 
hour of ovulation but this did not reveal any new information.

All the data were examined by another method although by reason of our 
already mentioned point of statistical logic, any effects thus revealed would 
be difficult to prove. It was done because even the revelation of hypotheses 
is important.

A computer was used to sort the data and it was quickly carried out for 
all the birds for both food and water. Results were plotted by the computer 
in a fashion similar to that in figs. 16 - 19.

This method involved calculating the average daily intake (food, responses 
or water) for X days, to be designated x, and then to calculate the average 
total daily intake for which ever,yother class of day was being treated; this 
to be designated o. X was then subtracted from o and divided by the number 
of periods in the day; to be designated n. We thus arrived at a correction 
factor (o - x / n) which was added to each of the average hourly (or in the case 
of Skinner box birds 20 minute) intakes on X days. For example, if we were 
determining the correction factor for food intake data for an L day, the cal
culation might be as follows. Average total daily food intake on X days 
100 gms. Average total daily food intake on L days 128 gms. There are 14 
hours in the day. The correction factor, therefore 128 - 100/4 2 gms.
Then 2 gms would be added to each average hourly intake on X days. If it were 
bird A this would mean adding 2 to each of the figures in the first row of table 
11. This, despite the fact that it involves a number of assumptions, was believed 
to give the pattern of intake which might be expected if effects of egg formation
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were absent. The expected value for any hour was then subtracted from each of 
the individual readings for that hour on the egg forming day under consideration 
to give the deviation from expectation. These deviations were then arranged in 
columns, synchronized at the time of lay or at the time of ovulation on 0 days and 
the average deviations calculated. Thus in the graphs (ref. figs. 1?, 18, 19) 
any consistant drop below the zero line, meaning that the average deviation was 
negative, was believed to indicate an negative effect of egg formation and vice 
versa if above the line.

This method confirmed our already existing hypotheses about the reduction 
in intake before lay, its increase after lay and the gradual increase follow
ing ovulation, but did not show up any new effects.

We are left then with the following hypotheses to test for both food and 
water,

1. 'breakfasts' are large.
2. 'suppers' are small. In the case of water this was not

very evident from the graphs but the relationship which 
was found earlier between food and water is enough to 
sustain it as a hypothesis.

3. Intakes are reduced for 1-2 hours prior to lay.
4. Intakes are high for up to three hours after lay.
5» The 'afternoon' intakes are higher on LO days than on 

L days .
6. On 0 days 'afternoon' intakes are higher than intakes 

during the first half of the day. (’mornings').

The principal method used for testing these hypotheses was the Student's 
"t" test«. The difficulty in testing hypotheses 1-4 was that, although we 
had decided that intakes were elevated or depressed at certain times we had 
not defined the standard of comparison we were using and this standard had to 
be defined in order to obtain suitable control values for use in the "t" tests. 
The rationale behind the hypotheses was that with certain times excepted, 
intakes were at a fairly constant level throughout the day. Deviations from 
this level gave rise to the hypothesis so that it is proper that the data which 
best represent it should be used as controls. The readings which best represent 
this level are those obtained at times not influenced by 'breakfasts', 'suppers' 
or egg laying. As much data as possible from such times were used as controls.
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A different set of control values were chosen for each class of day. For 
X days all the data excluding 'breakfasts’ and 'suppers' were used as 
controls. For L & LO days data which were influenced by egg laying were 
also excluded. This meant that data from 3 hours before the period of
lay till 3 hours after this period were rejected. The feature of intake 
patterns which gave rise to hypothesis 5 indicated that 'morning' and 
afternoon intake levels might be difierent in these classes of day. To 

avoid bias, therefore, an equal number of readings from 'mornings' and 
'afternoons' were taken from each day to serve as controls.

Some of the tests used were legitimate only if the diurnal rhythms 
were similar to those already described.

Before giving the results of these tests we shall give the diurnal 
rhythms for the remainder of the birds.

The numbers are average food intakes in grams for each consecutive 
hour of the day.
Bird C
12.0, 4.7, 6.1, 5*1, 5*8, 5.7, 5»1, 5.0, 7.6, 7*7, 10.6, 8.7, 5.8 and 4.8. 
Bird D
8.2, 6.0, 4.8, 4.4, 6.1, 7-5, 7.1, 6.1, 5.0, 6.9, 2.6, 2.6, 3.7 and 3.7. 
The following are water intake in mis. for the same birds.
Bird G
21.7, 13.6, 14.8, 12.2, 10.8, 15.5, 11.0, 10.6, 8.6, 15.3, 14.5, 11.8, 11.0, 
11.0.
Bird D
15.8, 12.8, 17.4, 6.9, 15.9, 11.1, 19.5, 14.9, 12.2, 10.9, 8.5, 8.5, 9.1, 9.1. 
The following are average number of responses in consecutive 20 minute 
periods for the Skinner box birds.
Bird E
3.5, 15.5, 22.9, 22.2, 12.1, 28.3, 11.6, 35.6, 11.5, 21.1, 21.9, 12.5, 9-2, 
34.8, 22.6, 28.7, 7.2, 24.0, 39.0, 30.5, 20.0, 29.2, 8.9, 15.2, 31.1, 17.4, 
24.8, 3.4, 23.1, 6.2, 7.9, 0.5, 11.9, 3.9, 10.6, 6.0, 6.0, 4.5, 4.7, 6.2, 
3.6, 0.7.
Bird F
88.3, 124.1, 67.2, 49.9, 55.1, 87.5, 0.0, 47.5, 67.1, 82.5, 26.1, 45.5, 24.7, 
43.7, 63.7, 54.6, 14.9, 69.O, 66.8, 128.1, 63.1, 56.6, 69.5, 26.5, 53.6, 60.6, 

95.1, 62.6, 46.5, 52.8, 19.5, 68.0, 47.6, 69.1, 51.3, 13.0, 25.0, 17.0, 0.8,
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53.0, 64,5, 13.2.
Two of these were different enough from the pattern given by the first

two birds to give concern. The food intake rhythm for Bird C had an
unusually high level from about 1600 hrs. onwards.

Bird E had a peculiar diurnal rhythm with low points at both ends of
the day and with high intakes in the middle of the day. We can get some
idea of the consistency of this rhythm by dividing each day into three
parts and find the total number of responses in each third. This operation
gave the :following results

Day 1st Third 2nd Third 3rd Third
1 260 351 167
2 148 400 160
3 211 365 65
4 211 386 1
5 143 255 60
6 183 372 85
7 205 215 110
8 350 * 316 103
9 401 » 349 100
10 216 217 140
If the diurnal rhythm were consistently as above, we would expect

that 1st 1Third 2nd Third 3rd Third. In all but the two cases marked
with asterisks this expectation was realised.

If we take the null hypothesis that no rhythm exists then the 
probability of 1st Third 2nd Third is 0.5 in each case and the
probability of 2nd Third 3rd Third is likewise 0.5. Under the null
hypothesis then the probability of 18 out of 20 being in the same direction 
is 0.00018. This is convincing evidence of a consistent diurnal rhythm in 
Bird E.

Although a similar test cannot be done for the other birds, we can 
draw some confidence from this that the diurnal rhythm of each bird was 
a consistent characteristic of that bird.

Some difficulty arose in doing statistical tests for the Skinner box
birds The data for these consisted of a series of 20 minute period



TABLE VI. COMPARISONS OF FOOD INTAKES DURING THE FIRST HOUR OF THE DAY', 
CORRECTED FOR OVERNIGHT EATING, WITH CONTROLS..

BIRD CLASS 
OF 
DAY

AVERAGE 
BREAKFAST

CONTROL
AVERAGE

OVERNIGHT 
AVERAGE

BREAKFAST
-CONTROL
-OVERNIGHT

’t’ PROBABILITY

A X 21.31 6.88 9.90 4.53 1.42 N.S.

A LO 20.68 6.38 9.90 4.40 2.44 p<0.05
A L 21.50 5.41 9.90 6.19 3.35 P<O.OI
A 0 22.57 7.24 9.90 5.43 2.27 p<0.05

B X 14.60 4.9 0.0 4.9 3.91 PCO.OOI
B LO 19.9 5.9 0.0 14.0 5.88 P<O.OOI
B L 31.05 4.18 0.0 26.87 12.86 P<O.OOI
B 0 20.64 5.69 0.0 14.95 5.90 PCO.OOI

C X 12.00 5.52 1.70 4.78 2.67 PCO.OI
C LO 9.83 5.07 1.70 3.06 2.05 pco.05
C L 14.75 3.69 1.70 9.36 / 7.09 PCO.OOI
C 0 12.50 7.23 1.70 3.57 2.03 P<0.05

D X 8.16 6.25 1.30 0.61 0.34 N.S.
D LO 10.20 5.90 1.30 3.00 I.89 N.S.
D L 9.08 4.90 1.30 2.88 2.18 p<0.05
D 0 11.77 5.87 1.30 4.60 2.23 PC0.05

In this table the word, breakfast refers to the total food intake during 

the night and the first hour of the day.

Intakes are given in grams.

N.S.. = Not Significant.



TABLE VII COMPARISONS OF FOOD INTAKES DURING THE LAST TWO HOURS OF

of the day.

THE DAY WITH CONTROLS.-

BIRD CLASS 
OF 
DAY

SUPPER
AVERAGE

AVERAGE
CONTROL

CONTROL
-SUPPER

•t' PROBABILITY

A X _ 3.56 6.88 3.32 2.45 P<0.05
A LO 5.45 6.38 0.93 N.S.
A L 4.07 5-41 1.34 N.S.
A 0 8.80 7.24 -1.56 N.S.

B X 2.60 4.90 2.30 1.08 N.S.
B LO 3.58 5.88 2.30 1.21 N.S.
B L 1.60 4.18 2.58 1.68 N.S.
B 0 4.06 5.69 1.63 N.S.

C X 4.81 c 5.52 O.71 N.S.
C LO 9.12 5.01 -4.05 / 4.35 P<O.OOI
C L' 7.63 3.69 -3.94 4.77 P<O.OOI
C 0 7.50 7.23 -0.27 N.S.

D X 3.71 6.25 2.54 / 1.72 N.S.
D LO 5.20 5.90 0.70 N.S.
D L 5.90 4.90 -1.00 N.S.
D 0 5.15 5.87 0.72 N.S.

SUPPER AVERAGE = Average hourly food intake during the last two hours

Intakes are given in grams.
N.S. = Not Significant. 
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response totals. There was a large number of zero readings and the data 
were not normally distributed. It was not, therefore, suitable for 
parametric tests and the non-parametric Mann-Witney 'U* test was used. 
This problem was also tackled by adding together the response totals for 
three consecutive 20 minute periods to give hourly totals. The data thus 
obtained was approximately normally distributed as suitable for • t' tests.

For easy reference in discussing the following tests we shall refer to 
Birds A and B as H (for hypothesis) birds and the rest as ’test’ birds.

The results for food intake during the first hour of the day corrected 
for overnight eating and tested against controls (chosen as described above) 
are given in table VI. The H birds substantially support the hypothesis 
that ’breakfasts' were large. Of the test birds, bird D gave weak con
firmation, the ’t* tests for two days being not significant. The trends, 
however, were all in the predicted direction.

On X days bird F gave an average ’breakfast’ of 370.80 responses, the 
control average was 162.01 and the difference of 61.26 responses gave a *t' 
value of 3.408 (P < 0.001). On 0 days the same bird gave an average 
’breakfast' of 455*45 responses and a control average of 220.96 responses. 
The difference of 220.96 responses gave a 't' value of 3.659 (P <0.001).

Food intake 'suppers’ are compared with controls in table Vil. The 
H birds do not support the hypothesis very well and in the 'test' birds 
the only significant results were those which contradicted the hypothesis 
that 'suppers' are smaller than standards.

In the Skinner box fuller results were available and, whereas the 
'supper' averages for the socially kept birds were averages of intakes 
over two hours based on one reading, for the Skinner box birds separate 
tests could be done for the last and second last hours of the day.

Bird F on X days give an average of 42.80 responses on the second last 
hour of the day. The difference from the control average of 162.01 was 119.21 
responses, giving a 't' value of 2.56 (P. < 0.05). For the last hour of the 
day the average intake was 130.70 responses, the difference from control of 
31.31 responses give a non-significant 't' value of 0.657.

On 0 days bird F had 123.82 responses as the average intake on the 
second last hour of the day. The difference from control of 234*50 
responses was 110.68 responses which gave a ' t ’ value of 2.743 (P < 0.01).



TABLE VIII. COMPARISONS OF HOURLY FOOD INTAKES (GMS.) AT AND AROUND 
THE HOUR OF LAY ON LO-DAYS WITH LO CONTROLS..

N.S. = Not Significant.

BIRD TIME AVERAGE CONTROL 
AVERAGE

DIFFERENCE •t* PROBABILITY

A -2 6.38 6.38 0.00 N.S.
B -2 1.86 5.88 4.02 I.90 N.S.
C -2 1.62 5.07 3.45 3.56 P<O.OOI
D -2 2.68 5.90 3.22 3.25 P<O.OI

A -I 2.72 6.38 3.66 4.15 PCO.OOI
B -I 3.38 5.88 2.50 N.S.
C -I 1.25 •5.07 3.82 4.41 PCO.OOI
D -I I.?8 5.90 4.12 4.20 p<0.ooi

A 0 19.08 6.38 12.70 11.04 PCO.OOI
B 0 23.75 5.88 17.87 6.69 PCo.ooi
C 0 18.81 5.07 13.74 7.80 PCO.OOI
D 0 8.52 5.90 2.62 2.15 p<0.05

A +1 IO.91 6.38 4.53 4.01 PCO.OOI
B +1 8.61 5.88 2.73 / N.S.
C +1 7.86 5.07 2.79 2.49 PCO.05
D +1 IO.I4 5.90 4.24 4.28 PCO.OOI

. A +2 7.50 6.38 1.12 N.S.
B +2 6.22 5.88 0.34 N.S.
C +2 6.77 5.07 1.70 I.89 N.S.
D +2 8.80 . 5.90 2.90 2.61 PC0.05

TIME = The number of hours away from the hour of lay.
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Average on the last hour of the day was 129*45, the difference from the 
control average of 105.04 responses giving 't' 2.596 (P < 0.05).

Table Vlll shows comparisons of hourly food intake at and around the 
hours of lay against controls on L0 days for birds A, B, 0 & D. The low
ering of foodintake in the two hours before the hour of lay was significant 
for all 'test* birds. Food intakes were higher than controls for 'test' 
birds during the hour of lay and the hour after it. Two hours after the
hour of lay only one of the 'test' birds showed food intake significantly 
above controls although the other had a marked trend in the same direction.

For bird E Mann - Witney 'U' tests were done comparing the number of 
responses on each of the six 20 minute periods before lay, the 20 minute 
period in which lay occurred and the six 20 minute periods following lay 
with about 120 control 20 minute periods. Of these 13 tests only one 
gave a significant result. Intake during the 20 minute period in which 
lay occurred was higher than controls (P < 0.001). A test using all the 
data for the four periods previous to the period of lay to increase the 
number of degrees of freedom showed that intake during those four periods 
was less than controls (P < 0.05). A similar test for the four periods 
following lay did not give a significant result.

Using 't* tests to compare the average number of responses in the hour 
before lay with control hourly response totals, the average of 77*9 
responses was 69.5 responses less than the control average of 146.4 
responses. This gave a 't' value of 2.23 (P < 0.05). The same pro
cedure with the hour after lay gave an average of 232.0 responses which 
was 85.6 responses higher than control average giving a 't' value of 2.70 
(P < 0.01).

The same procedure as above was followed for bird F. The 'U' tests 
for the six 20 minute periods before lay did not give any significant results. 
The period of lay, however, was greater than controls (P < 0.001). The 
first 20 minute period after the period of lay was also greater than con
trols (P < 0.001) as also were the 4th period after lay (P < 0.001) and 
the 5th period after lay (P < 0.05). Taking the four periods before lay 
together did not give a significant result.

A peculiar result was noticed when testing the first period before lay 
against controls. The average number of responses during this period 
(55.9) was slightly smaller than the control average (60.8) but the dis-



TABLE IX. COMPARISONS OF HOURLY FOOL INTAKES (GMS.) AT AND AROUND
THE HOUR OF LAY ON L-DAYS WITH L CONTROLS.

BIRD TIME AVERAGE CONTROL
AVERAGE

DIFFERENCE •t’ PROBABILITY

A -2 4.21 5-41. 1.20 1.19 N.S.
B -2 3.04 4.18 1.14 N.S.
C -2 0.85 3.69 2.84 4.00 P<0.001
D -2 3.05 4-90 I.85 2.30 P<0.05

A -1 2.50 5.41 2.91 3.00 P<0.01
B -1 0.70 4.18 3.48 2.43 PCO.Ol
C -1 0.71 3.69 2.98 4.35 P<0.001
D -1 2.36 4.90 2.54 3.42 P<0.001

A 0 22.20 5.41 16.79 12.53 PCO.OOl
B 0 24.00 4.18 19.82 9-39 P<0.001
C 0 12.61 3.69 8.92 7.69 PCO.OOl
D 0 10.36 4.90 5.46 5.72 P<0.001

A +1 12.80 5.41 7.39 f 6.59 PCO.OOl
B +1 11.30 4.18 7.12 3.89 PCO.OOl
C +1 12.00 3.69 8.31 8.40 PCO.OOl
D +1 13.50 4.90 8.60 8.27 PCO.OOl

A +2 6.21 5.41 0.80 N.S.
B +2 5.26 4.18 1.08 N.S.
C +2 7-83 3.69 4.14 ■ 5.01 PCO.OOl
D +2 10.72 4.90 5.82 5.24 PCO.OOl

TIME = The number of hours a--ay from the hour of lay. 
N.S. = Not Significant.
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tribution was such, that the ’U‘ tests showed that the ‘central tendancy' 
of this period was slightly higher than controls though not significantly 
so. The original data showed that although large intakes ware uncommon 
during this period the frequency of zero readings was much lower than in 
control periods.

Doing ’t* tests on the hourly total intakes during the hour before 
lay against controls we found the average to be 115.1 responses and the 
control average 176.3 responses per hour. The difference of 61.2 gave 
a ’ t* value of 1.724 which was not quite significant. During the hour 
after lay the average intake was 399*1 responses which was 222.8 responses 
per hour above the control level. This gave * t* 5*777 (P < 0.001).

Table IX shows results for socially kept birds on L days. All the 
results for ‘test* birds were significant.

For bird E and same 13 ‘U’ tests were done as above. The only 
significant result was obtained for the period of lay on which the number 
of responses was higher than controls (P < 0.01). Again aS with Bird F 
on LO days there were curious results for the periods just prior to lay. 
The average number of responses per 20 minute period were higher in the 
second period before lay and in the period before lay than the control 
average.

The average hourly number of responses in the hour preceding lay was 
155*6 which was higher but not significantly higher than the control 
average of 120.2 responses per hour. The average hourly number of 
responses in the hour following lay was 254*5 which was 134*1 higher than 
the control average of 120.2 giving a ’t‘ value of 3*490 (P < 0.01).

The results for bird F on L days more or less duplicated those for L0 
days. Of the 13 *U‘ tests only the following gave significant results. 
The 20 minute period in which lay occurred was higher than controls (P < 0.001). 
Number of responses were also higher than controls in the 20 minute period 
after lay (P < 0.001), in the second period after lay (P < 0.05) and in the 
fourth period after lay (P <0.01).

Again the number of responses in the period before lay was higher than 
control according to the ’U‘ test, but again it was not significant.

The average number of responses in the hour before lay was 93*5 against
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a control average of 173.3. The difference of 79*8 responses gave ’t* 
2.265 (P <0.05). Similar figures for the hour after lay were an average 
of 545.13 responses, 371.8 responses higher than the control average. The 
't' value was 8.200 (P < 0.001).

It should he noted that 't' tests similar to the above were done for 
Birds E & F for both L0 and L days in which the average number of responses 
in the second hour before lay and in the second hour following lay were 
tested against controls. None of these, however, gave significant results.

The next hypothesis concerning food intake tested was that food intakes 
were higher on L0 ’afternoons' than on L ’afternoons'.

The procedure was to take hourly readings from L 'afternoons' which 
were more than two hours after the hour of lay. These were then matched 
with readings from the same hours on the preceding L0 day. Then, to test 
whether the two types of 'afternoon' were different, an analysis of 
variance was done in which the error due to readings being taken from 
different times of the day and thus subject to diurnal effects was analysed 
out as between hour variance. The variance ratio of the differences 
between types of 'afternoon' to the remaining error variance was then
calculated. The following results were obtained • —

Bird Average Hourly Intakes lyi Probability
L0 'Afternoons' L 'Afternoons'

A 4.93 gms. 4.22 gms. 0.98 U.S.
B 4.56 gms. 3.16 gms. 1.94 U.S.
G 8.30 gms. 8.20 gms. 0.40 N.S.
D 7.25 gms. 6.79 gms. 1.02 ÏÏ.S.

E 162.9 responses 115.4 responses 5.69 P < 0.001
F 147.9 responses 25.5 responses 22.46 P < 0.001

It can be seen that the trends are all in the anticipated direction but
only birds E and F adequately support the hypothe sis.

The last hypothesis in this series to be tested was that food intake 
was higher on 0 'afternoons' than on 0 'mornings'.

The test was carried out by totalling the intake for the four hours 
from 8.00 - 12.00 hrs. each day to get 'morning' totals which were



TABLE X. COMPARISONS OF AVERAGE WATER INTAKES (MLS.) DURING THE FIRST
HOUR OF THE DAY, CORRECTED FOR OVERNIGHT DRINKING, WITH CONTROLS.

BIRD CLASS 
OF 
DAY

AVERAGE 
BREAKFAST

CONTROL OVERNIGHT BREAKFAST
AVERAGE AVERAGE -CONTROL

-OVERNIGHT

• t » PROBABILITY

A X 160.72 42.53 3.10 115.09 7.22 P<0.001

A LO 39-66 28.34 3.10 8.22 N.S.

A L 42.85 21.90 3.10 17.85 2.59 P<0.05

A 0 52.67 33.60 3.10 15.97 1.47 N.S.

B X 50.00 18.60 1.60 29.80 3.87 P<0.001

B LO 48.46 10.87 1.60 35.99 4-74 P<0.001

B L 66.15 8.82 1.60 55.73 8.03 P<0.001

B 0 65.18 14.76 1.60 48.8 5.98 P<0.001

C X 21.46 11.30 0.60 9.56 2.26 p<0.05

C LO 10.31 11.11 0.60 -1.40 N.S.

c L 19.37 7.65 0.60 11.12 3.09 P<0.01

c 0 22.00 14.48 0.60 6.92 1.27 N.S.

D X 15.83 13.65 0.40 1.78 N.S.

D LO 9.20 16.31 0.40 -7.57 1.68 N.S.

D L 4.33 13.56 0.40 -9.63
. c

1.30 N.S.

D 0 42.12 16.62 0.40 25.IO 3.79 P<0.001

In

the

this table

night and.

the word, breakfast refers to the total water 

the first hour of the day.

intake during

N.S. = Not Significant



TABLE XI. COMPARISONS OF AVERAGE HOURLY WATER INTAKES (MLS) DURING

THE LAST TWO HOURS OF THE DAY WITH CONTROLS.

hours of the day.

BIRD CLASS 
OF 
DAY

SUPPER
AVERAGE

AVERAGE 
CONTROL

-CONTROL
-SUPPER

•t’ PROBABILITY

A X 38.90 , 42.53 • 3.63 O.48 N.S.
A LO 24.78 28.34 3.56 O.84 N.S.

A L 24.88 21.90 -2.98 0.62 N.S.

A 0 23.25 33.60 10.35 1.28 N.S.

B X 17.30 18.60 1.30 0.27 N.S.

B LO 15.00 10.87 -4.13 1.57 N.S.

B L 14.11 8.82 -5.29 2.46 .P<0.05

B 0 11.28 14.78 3.50 O.98 N.S.

C X 11.00 11.30 0.30 0.11 N.S.

C LO 16.82 11.11 -5-7! 3-23 P40.01

C L 15.90 7.65 -8.25 3.78 / P<0.001

C 0 15.54 14.48 -1.06 0.45 N.S.

D X 9.14 13.65 4.55 0.88 N.S.

D LO 19.15 16.37 -2.78 1.04 N.S.
D L ,25.86 13.56 -12.30 2.45 p P<0.05
D 0 20.41 16.62 -3.79 1.06 N.S.

Supper Average = Average of hourly water intakes during the last two

N.S. = Not Significant
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compared, with the total intakes in the four hours 15.OO - 19.OO hrs. which 
were taken as ’afternoon' totals.

The results were as followss-
Bird Afternoon Average 

(gms.) Morning Average 
(gms.)

Difference 
(gms.)

't* Probability

A 28.50 24.00 4.50 1.33 N.S.
B 34.93 22.07 12.86 2.35 P < 0.05
D 32.63 23.18 9.45 2.28 P < 0.05
This test was not done for Bird C because it had a high point in its 
diurnal rhythm in the 'afternoon' which might have given a false result.

For the Skinner box birds a computer programme was designed to com
pensate for diurnal rhythm before testing this hypothesis. To do this 
the average intakes during the 'morning' hours of X days were subtracted 
from each of the same 'morning' hours on the class of day being tested and 
the same was done for 'afternoons'. They were compared by *t' tests an 
appropriate addition to the standard error being made to compensate for the 
error in the X day values which were subtracted.

For bird E corrected average for 0 ’afternoons' was 127.16 responses and 
for 0 'mornings' 84.31 responses. The difference of 42.85 responses gave 't' = 
2.315 (P < 0.05).

A similar procedure for Bird F gave 48.28 responses as the average 
corrected 'afternoon' intake and 80.38 as the average corrected 'morning' 
intake. The difference of — 32.10 responses showed a reverse trend to 
that predicted but the 't' value of 1.226 was not significant.

We shall now consider the tests done on the water intake data. Water 
'breakfasts' are compared with controls in table X in the same manner as 
for food. In the H birds 'breakfasts' tended to be larger than standards
but in the 'test' birds the hypothesis was not well supported despite the 
fact that there were three results showing that 'breakfasts’ were significantly 
larger than controls because there were also three results which were opposite 
to the expected trend.

In the case of 'suppers’ the results in table XI contradict the 
hypothesis that 'suppers' were smaller than controls, all the significant 
results indicating that 'suppers* were larger than controls.



TABLE XII. COMPARISONS OF HOURLY WATER INTAKES (MLS.) AT AND AROUND

THE HOUR OF LAY ON LO-DAYS WITH LO CONTROLS.,

BIRD TIME AVERAGE CONTROL
AVERAGE

DIFFERENCE ’t’ PROBABILITY

A -2 17.93 28.34 10.41 2.34 P<0.05
B -2 7-14 10.87 3.73 I.04 N.S.
C -2 2.86 11.11 8.25 4.46 P<0.001
D -2 6.42 16.37 9.95 3.72 P<0.001

A -1 5.80 28.34 22.54 5.82 P<0.001
B -1 6.75 IO.87 4.12 1.52 N.S.
C -1 0.90 11.11 10.21 6.38 PCO.OOl
D -1 2.05 16.37 14.32 5.51 PCO.OOl

A 0 34.42 28.34 6.08 1.37 N.S.
B 0 42.94 IO.87 32.07 8.24 PCO.OOl
C 0 24.89 11.11 13.78 5.14 PCO.OOl
D 0 30.36 16.37 13.99 4.06 PCO.OOl

A +1 49.85 28.34 21.51 4.42 PCO.OOl
B +1 25.75 IO.87 14.88 4.53 PCO.OOl
C +1 27.05 11.11 4.64 2.36 .PCO.05
D +1 33.61 16.37 17.24 6.09 PCO.OOl

A +2 33.38 28.34 5.04 1.17 N.S.
B +2 14.62 IO.87 3.75 1.48 N.S.
C +2 15.75 . 11.11 4.64 2.36 PCO.05
D +2 21.00 16.37 4-63 1.57 N.S.

TIME = The number of hours a^ay from the hour of lay.
N.S. = Not Significant.



TABLE XIII. COMPARISONS OF HOURLY WATER INTAKES (MLS) AT AND AROUND 
THE HOUR OF LAY ON L-DAYS WITH L CONTROLS.

N.S. = Not Significant.

BIRD TIME AVERAGE CONTROL
AVERAGE

DIFFERENCE *t* PROBABILITY

A -2 11.62 21.90 10.28 2.05 P<0.05
B -2 4.70 8.82 4.12 2.40 P<0.05
C -2 2.30 7.65 5-35 2.72 PCO.Ol
D -2 4.88 13.56 8.68 1.92 N.S.

A -1 6.12 21.90 15.78 3.20 P<0.01
B -1 1.95 8.82 6.87 4.11 P<0.001
C -1 6.86 7.65 0.79 O.24 N.S.
D -1 5.25 13.56 8.31 1.74 N.S.

A 0 48.44 21.90 26.54 4.52 P40.001
B 0 35-52 8.82 26.70 8.02 P<0.001
C 0 13.92 7.65 6.27 2.75 P<0.01
D 0 32.37 13.56 18.81 3.89 p<o.ooi

A +1 39-00 \ 21.90 17.10 3.47 P<0.001
B +1 21.84 8.82 13.02 5.02 P<0.001
C +1 22.58 7.65 14.93 5.29 ■ PCO.OOl
D +1 30.91 13.56 17.35 3.21 P<0.01

A +2 25.22 21.90 3.32 O.67 N.S.
B +2 13.58 8.82 4.76, 2.14 P<0.05
C +2 17.50 7.65 9.85 4.34 P<0.001
D +2 27.45 13.56 13.89 2.42 P<0.05

TIME = The number of hours away from the hour of lay •
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For LO days "tests for effects on water intake at and around the hour 
of lay are given in table Xll. ’Test’ birds confirmed that water intake 
was reduced for two hours before the hour of lay. Water intake was also 
high during the hour of lay and for one hour thereafter. Only one ’test’ 
bird gave a significant result when the second hour after the hour of lay 
was compared with controls.

Similar results for water intake on L days are given in Table Xlll. 
The ’test’ birds did not demonstrate that water intake was lower than 
controls in the hour before lay. That intakes were above controls 
during the hour of lay and for two hours after it, however, was well con
firmed.

Comparing LO and L ’afternoons’ in the same manner as previously
described for food intake gave the following results:-

ProbabilityBird Average Hourly Intakes F
LO Afternoons L Afternoons

A 27.33 mis. 23.80 mis. 0.79 N.S.
B 15.96 mis. 15.00 mis. 0.20 N.S.
C 15.17 mis. 14.85 mis. 0.42 N.S.
D 23.69 mis. 19.41 mis. 3.21 N.S.

Despite the fact that all the trends are as the hypothesis had pre-
dieted none of these results prove that LO ’afternoons’ were higher than 
L ’afternoons’.

Comparison of ’morning’ and ’afternoon' intakes for water, again with
the procedure as used for food, yielded the following results:-
Bird Afternoon Morning Difference »t*

Average Average
Probability

A 91.57 mis. I6O.85 mis. - 69.28 mis. 2.58 P < 0.05
B 85.8O mis. 53.10 mis. 32.70 mis. 1.96 N.S.
C 71.00 mis. 59.62 mis. 11.38 mis. 2.00 N.S.
D 82.77 mis. 66.11 mis. 16.66 mis. 2.09 N.S.

These figures gave no evidence that water intake was higher on 0
’afternoons than on 0 'mornings’.

Again it might be noted that, although probabilities are given for H 
birds, this was merely to indicate the order of results which these birds 
gave. The conclusions which we shall give will not rely on these results 
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though we believe that the conclusions obtained from ’test’ birds were 
reinforced when the tests for H birds gave very low probabilities.

On this basis we can firmly draw the following conclusions regard
ing food intake trendss-
1. In most birds studied, with the exception of birds D & E, ’breakfasts’ 

corrected for overnight eating were higher than control periods.
2. ’Suppers’ were not consistently smaller than control periods.

We may insert a note here concerning 1 & 2. These are both features 
of diurnal rhythm which, as we have seen, varies from bird to bird.
We would, therefore, expect differences in the levels of eating at 
these times of day in different birds and that they should not be a 
universal feature of all birds* pattern of intake.

3. In the socially kept birds food intakes were below control periods in 
the two hours preceding lay on both LO and L days. For the Skinner 
box birds, however, results did not consistently support this.

4. In the socially kept birds food intakes were higher than in control 
periods during the hour of lay and remained higher for the two 
succeeding hours. For the Skinner box birds the number of responses 
was always higher than the control during the period of lay but it 
cannot be stated how long this increased food intake continued after 
this period.

5. In the socially kept birds food intake on LO ’afternoons* was not 
significantly higher than on L ’afternoons*. The Skinner box birds, 
however, both gave a significantly larger number of responses on LO 
’afternoons’ than on L ’afternoons’.

6. Food intakes cannot be stated to be higher on 0 ’afternoons’ than on 0 
•mornings’ because, although two birds gave a significant result in 
this direction, bird F showed a markedly reverse trend.
Conclusions which can be drawn from the water intake tests are:-

1. Water intake was not shown to be higher than on control periods during 
the first hour of the day.

2. Water intakes during the last two hours of the day were not smaller 
than control period intakes.

3. Water intake was well below the control level during the two hours



"before lay on LO days but this was not conclusively demonstrated for 
L days.

4. Water intakes were higher than on control periods during the hour of 
lay and for the succeeding hour. This effect, however, seemed to 
be tailing off two hours after the hour of lay and this hour was not 
always significantly above the controls.

5. Water intakes were not significantly higher on LO ‘afternoons* than on 
L ’afternoons’.

6. Water intakes was not significantly higher on 0 ’afternoons’ than on 
0 ’mornings’.

Crop Fill Data
No information of particular interest was obtained from this data and, 

therefore, only a short verbal description of the findings will be given.
Normally there was very little variation in the degree of fullness of 

the crops. On our subjective scale of measurement, already described, 
crops usually obtained a score of 1 indicating only a few grams of food in 
the crops during most of the periods observed. Scores of 2 however, were 
not uncommon and occasionally they reached 3 on our scale. These higher 
values usually occurred after hours with large intakes, such as after the 
first hour of the day, or after the peak of food intake which followed lay. 
Except for days on which laying occurred late, crops almost invariably 
obtained a score of 1 at the end of each day.

Bird B gave some exceptional results. We have already indicated that 
this bird ate spasmodically and occasionally it registered very high crop 
fill scores of 5 which meant that there was 80-90 gms. of food in the crop. 
The occurrence of these spasmodic bursts of feeding did not consistently 
coincide with any egg formation process. 
Studies of Meal Structure in Skinner Box Birds

As already mentioned in part 1, rats eat in discrete meals followed 
by discrete periods of non-eating. On the paper trace which recorded the 
eating of birds in the Skinner box it was possible to check as to whether 
or not this was so for fowls under the conditions which prevailed in the 
Skinner box.

Bird E did not apparently have any such distribution in its feeding



2 ********************************************Q****************************
4 *****************************************Q*********
6 *************************************  Q**
8 **********************************0******

10 *******************************q***
12 ******************* o
14 ***************************Q***
16 ********************** Q
18 *************** Q
20 *********************0***
22 *************** o
24 ******************o

L 26 ************ 0
E 28 ************* 0
N 80 ******* 0
G 82 *********** 0
T 84 *********** 0
H 86 ***********0*

88 ******* 0
0 40 *********0*
F 42 ********0***

44 ********0****
P 46 ***** 0
E 48 ******0***
R 50 ******0****
I 52 *****0***
0 54 *****0 y
D 56 *** 0

58 ****0******
M 60 *** 0 '
I 62 ***o**
N 64 ***o****
S 66 ***0 r

68 **0**
70 **0
72 * 0
74 **0 . /
76 *0 z
78 *0
80 *0*
82 0
84 0
86 *0
88 *0*
90 0*
92 0**
94 0*
96 0**
98 0
* = One inter-meal period.
0 = See text
Fig. 20 Frequency distribution of inter-meal periods.



TABLE XIV FREQUENCY DISTRIBUTION OF INTER-MEAL PERIODS

LENGTH OF
PERIOD
Number

(MINS) 2
72

4
51

5
40

8
41

10
35

12
19

14
31

16
22

18
15

20
25

LENGTH 
PERIOD

OF 
(MINS) 22 24 26 28 30 32 34 36 38 40

Number 15 18 12 13 7 11 11 13 7 11

LENGTH
PERIOD

OF 
(MINS) 42 44 46 48 50 52 54 56 58 60

Number 12 13 5 10 11 9 6 3 11 3

LENGTH
PERIOD

OF 
(MINS) 62 64 66 68 70 72 74 76 78 80

Number 6 8 6 5 2 1 3 2 1 3

LENGTH
PERIOD

OF 
(MINS) 82 84 86 88 9° 92 94 96 98 100

Number 0 0 2 3 2 3 2 3 0 4

LENGTH 
PERIOD

OF 
(MINS) 102 104 106 108 110 112 114 116 118 120

Number 1 0 0 0 0 0 0 0 0 1

LENGTH 
PERIOD

OF 
(MINS) 122 124 ■ 126 128 130 132 134 136 138 140

Number 0 0 1 1 0 1 0 0 0 0

LENGTH
PERIOD

OF 
(MINS) 142 144 146 148 150 152 154 156 158 160

Number 1 1 0 0 0 . 0 1 1 0 0

There was ialso one inter--meal period of :180 mins duration.
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pattern but for bird F it seemed that the pattern of intake involved bouts 
of feeding followed by lengthy periods without feeding. The feeding 
records of bird F were analysed as described below to try and reach a more 
objective assessment of it's feeding pattern.

With the time scale which was used on the trace it was possible to 
decide for each two minute period throughout the day whether feeding (i.e. 
responding) had occurred or not. Secords for all classes of day were con
verted into a series of ones and noughts, a one being assigned to each 
period in which feeding occurred and a nought to each period in which it was 
absent.

The data was then given to the computer which added up sequences of 
noughts in the data. Each such sequence was designated an inter—meal 
period. The frequency of inter-meal periods of all possible lengths over 
two minutes was then calculated. The computer then plotted the results as 
indicated in fig. 20 as well as in numerical form. Fig. 20 is incomplete 
since some inter-meal periods larger than those in the figure did occur. 
These are missed because of space limitations.

In the figure, noughts are substituted for » (asterisks) at a 
theoretical point which was calculated according to the formula:- 

,, / A X x / X' xn = N ( —) exp ( )
A A

where N - total number of inter-meal periods.
n = number of inter-meal periods of length X
X — length of inter-meal period (mins) 

AX =* class interval = 2 mins.
X - mean length of inter-meal period _ £ (Xn)

n

This gives the exponential curve of the frequencies of inter-meal 
periods of varying lengths which would be expected if eating were a com
pletely random process.

Frequency distributions of this kind were worked out for each class 
of day but since these all gave similar results they were all pooled to 
give the distribution of inter-meal periods for bird F as given in fig. 20 
and table XIV.
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The meaning of these data will best be described if we indicate the 
results that were expected. If there were discrete meals then there would 
be inter-meal periods of a characteristic length. We would expect the 
frequencies of these to be normally distributed, there being a peak in the 
frequency distribution indicating the mean size of these periods. A 
bimodal distribution was, therefore, anticipated with a peak indicating a 
high frequency of short inter-meal periods which could be re-defined as 
intra-meal rest periods, indicating merely a number of pauses within meals. 
A second peak was anticipated at the mode of the true inter-meal periods.

From fig. 20 it can be seen that the actual distribution departs in 
only one important respect from the theoretical exponential curve. There 
are a large number of small inter-meal periods which can be explained if we 
assume that the probability of feeding increases with time during periods 
with no eating. This would have the effect of reducing the number of long 
inter-meal periods and increasing the number of small ones.

The fact that there was no other pronounced departure from the 
exponential curve indicates that there were no discrete meals with 
characteristic inter-meal periods. This, of course, does not preclude 
the possibility that there was some sort of structure in the feeding pattern 
and even characteristic bouts of high frequency responding which could be 
defined as meals. It does, however, mean that there were no feeding bouts 
followed by periods of rest, as is believed to be the case with rats. 
Discussion of Part 11

The experiments just described were exploratory in nature, the main 
object being to find fluctuations in the levels of food or water intake 
which occurred at a regular time relative to the time of lay. With this 
kind of approach it was not possible, nor was it intended, to prove any 
casual connection between any of these fluctuations and physiological or 
behavioural events. Nevertheless the fluctuations found were temporally 
coincident with certain physiological and behavioural varibales. Temporal 
coincidence suggests casual! ty which could be proved by experimental manip
ulation of these variables.

Low food and water intakes were found before lay. In a natural 
environment the behaviour which takes place at this time is directed towards 
finding a suitable nest site and when this is found the bird engages in 
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scraping to construct a nest (McBride, 1968). When confined in cages 
"birds become very agitated moving rapidly within their confined space, 
making rapid and extensive head movements and apparently expending much 
effort to escape from their cages. Movements are also made with the feet 
while the bird is in a crouching position similar to those made during 
nest construction. In view of the current Ethological theory that 
motivational systems can be mutually inhibitory (Van lersel & Bol, 1953), 
the above behaviour could be considered a possible cause of reduced intakes 
with nesting behaviour inhibiting feeding and drinking behaviour.

Even if this was so, however, more complete understanding of the 
mechanism could be sought at the physiological level. An account of the 
neural, neuro—endocrine, and humoral events which have been found to take 
place at this time was given at the end of Part 1. The neuro-endocrine 
events described by Opel (1967) which take place in the hypothalamus 
perhaps indicate the most promising area in which a physiological connection 
between nesting and feeding might be found.

The increase in intake after lay may merely be a compensation for the 
period of low intakes before it. When laying was observed, however, it 
was always noticed that purposeful feeding followed immediately after ovi- 
position. The small deprivation before lay would not seem to be sufficient 
to account for the apparent intensity of this behaviour. It may have been 
that this deprivation was exaggerated by energy being used up in the intense 
activity which preceded lay. It is also possible that the extreme behavioural 
arousal which was occasioned by nesting behaviour did not immediately abate 
after completion of the consummatory act. A high arousal could account for 
heightened activity in the satisfaction of any drives which remained un
satiated. Since heightened intakes occurred after lay on L days on which 
no ovulation followed lay, it is unlikely that any physiological process 
associated with ovulation could be casual.

The strange increase in responding just prior to oviposition which was 
revealed in some of the Skinner box results could perhaps be due to a kind 
of displacement behaviour occasioned by the frustration of the hens ’desire’ 
to find a proper nest site. It might also be that this high rate of re
sponding was due to normal appetitive behaviour when subject to high nest-
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ing motivation.
These two possibilities, of course, mean that it is unlikely that 

the birds would have fed after making these responses. Unfortunately 
this result was not discovered in time to determine whether or not this 
was so by observing the birds.

Morris & Taylor (1966), investigating the daily food consumption of 
laying hens in relation to egg formation proved, as our results do not, 
that food intake is higher on LO days than on L days. They discovered 
that the low intake on L days was accounted for by low intakes on the 
second half of those days. Their results were eventually summarised in 
their conclusion that food intake was 25% lower when no egg was in the 
oviduct than when a formative egg was present. This result is similar 
to that which we found when comparing LO and L ’afternoons’ and also is 
compatible with our trend for food intake to increase gradually on 0 days.

Diurnal rhythms and the inhibition of feeding before lay are features 
of the hen’s food intake pattern which may be of importance in relation to 
commercial practice where feeding is not ad-libitum. Especially where a 
degree of rationing is imposed, a bird may miss a large part of its food 
intake if feeds were given at times when their ’interest' in food was at 
a low level. It would be interesting from both this and a theoretical 
point of view to find out whether diurnal rhythms are governed by the basic 
physiology of the animal or whether they are merely a learned habit which 
could be easily adapted to any imposed feeding regime.

Finally, it might be noted that the results give no suggestion that 
food intake is immediately responsive to changes in the endogenous levels 
of oestrogen. From Mather & Common’s work, described earlier, it seems 
that the highest levels of endogenous oestrogen occur at least 6 hours 
before lay. In most cases, therefore^ it/s effect would have been most 
forcibly felt during the hours of darkness when birds were eating little 
or nothing. Also most birds ate large ’breakfasts’ which could have 
masked any effect of oestrogen at this time. If endogenous oestrogen 
does, in fact, affect food intake it might be revealed by keeping birds 
on a different lighting schedule with much longer periods of daylight. 
A difficulty arises here, however, in that the timing of egg forming 
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processes has only been studied, on schedules with 14 hours of daylight and 
it is not known if these alter with lighting schedule.



PART 111

THE EFFECTS OF OESTROGEN AND

TESTOSTERONE ON FOOD INTAKE AND WEIGHT GAIN
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The Effects of Oestrogen and Testosterone on Food Intake and Weight Gain

This section describes a number of experiments in which the effects 
of oestrogen on the food intake and weight gain of a number of classes 
of stock were tested* These were birds which had a low endogenous level 
of oestrogen so that the levels of this hormone could be adequately con
trolled. In some of the experiments the effects of testosterone were 
also tested. A large number of experiments were done in this series 
since it was easy to study food intake and weight trends while birds were 
being hormone primed in preparation for other studies. 
Experiment 11 The Effect of Oestrogen on the Food Intake and Weight 
Gain of Mature Ovariectomised Hens. 
Materials and Method

The birds used in this experiment were ’J* Line female Brown Leg
horns . These had been ovariectomised at 7 weeks of age by the method 
described by Deol (1955)» At about 22 weeks of age an exploratory 
operation was done to determine whether there was any growth of the right 
ovary and whether or not the first experiment had successfully removed all 
gonadal tissue. Where possible, any gonadal tissue was removed during 
the operation. In cases where the ovaries were too large for this to be 
done progesterone injections were given to cause atrasia so that they became 
small enough for removal at a subsequent operation. No hypertrophy of 
the right ovary was found in any of the birds.

The actual experiment was started when the birds were 10 months old. 
Up to this time they had been isolated in cages. Those of the ovari— 
ectomised birds whose plumage was most male like in character were selected.

The experiment was carried out in the West Battery House at the 
Poultry Research Centre which houses about 2,000 birds.

The birds were randomly split into two groups with six in each group. 
These were then paired at random and each pair assigned to a different set 
of individual cages. In these cages the birds were kept at two levels. 
The experiment was balanced so that an equal number for each treatment was 
housed at each level.
Water, oyster shell and flint grit were constantly available. The birds 
were fed a known weight of pellets and the feeds were weighed at
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intervals and re—filled. The birds were weighed approximately every
week.

Readings were taken from the 29th June to the 17th July before 
oestrogen was given. Observation was then continued until the 31st 
July. During the succeeding three weeks an experiment as described 
in Part IV was done with these birds and after this time a further fort
night’s observations were taken. These are not given in the results as 
they do not reveal any variation in the trends already manifest. The 
oestrogen given was diethylstilboestrol paste which was injected sub- 
qutaneously in the necks of the birds, each dose of 0.2 mis. containing 
15 mg. of hormone. This dose was given weekly.
Results; A graph showing the food intake trends over the period of the 
experiment is given in fig. 21. In the same fig. the weight trends over 
the same period are indicated, these showing that oestrogen did not 
markedly increase food intake but that it had a large effect on weight.

To test whether the increase in weight gain was significant, two *t* 
tests were done. The first of these was a within treatment test in which 
the weight gain of the birds in the two weeks before oestrogen treatment 
was compared with the weight gain in the two weeks after treatment. A 
paired ’t' test was then done on the differences between these. The 
average difference was 88 gms. which gave a significant *t’ value of 3.7 
(P < 0.05).

A second test was done using the non oestrogen treated group as 
controls. For each group the weight gain during the first fortnight of 
hormone treatment was determined for each bird. During this time the 
oestrogen treated group gained an average of 113 grams while the controls 
gained 38 grams on average. The difference (75 grams) gave a ’t’ value 
of 3.1 (P < 0.05).

After a month of this oestrogen treatment many of the birds became 
ill. This may have been due to excessive doses of oestrogen but one 
bird which died shortly after the experiment was diagnosed as having 
septicaemia indicating that our method of administration was unhygienic 
rather than excessive. A post mortem study of this bird showed that it 
had a large cystic oviduct filled with water which might have accounted
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for a large part of the weight gain. Further post mortem studies, how
ever, showed that healthy birds did not have cystic oviducts.
Experiment 111 The Effect of Oestrogen on the Food Intake and Weight 
Gain of Mature Ovariectomised Hens, 
Materials and Method

The birds used in this experiment were the same as in Experiment 
11 but this time each was given the opposite treatment. Since one bird 
died towards the end of the previous experiment there were only five pairs 
available for this one.

The last oestrogen injection of the previous experiment was given on 
the 31st August, 1967. The weights of the group which had been treated 
with oestrogen during experiment 11 were recorded at intervals during the 
period after this date and the present experiment started when their 
weight had reached a stable level. They were in fact lighter at the 
start of the second experiment than at the start of the first.

The same experimental design and location were used but because one 
bird had died they were not balanced against possible bias from positional 
effects, two birds from one treatment and three from the other being kept 
in the upper tier of cages.

The experiment commenced on the 30th October, I967, and continued 
until the 22nd December. Regular readings of food intake and bird 
weights were taken throughout this period. Oestrogen treatment commenced 
on the 23rd November.

During the period of oestrogen treatment injections of 1 ml. of 
diethylstilboestrol (5 mg.) in arachis oil were given intramuscularly 
twice weekly.
Results & Conclusions

Fig. 22 demonstrates the trends in daily food intake and weight 
throughout the period of the experiment. These trends indicate that 
oestrogen treatment increased both food intake and body weight.

Since these birds were fully grown we would expect their rate of food 
intake to be fairly constant. It was, therefore, possible to do a within 
treatment test to determine whether oestrogen treatment increased daily 
food consumption. For each bird the average daily food intake during the 
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period of oestrogen treatment was calculated and subtracted from the 
average intake during the period before treatment. A •t* test was then 
done on these differences to determine whether they were significantly 
higher than zero. These differences averaged over the five birds showed 
that daily intake was 27.6 gms. higher during hormone treatment. This 
gave * t* = 4*39 which was significant (P < 0.05).

A second test was done in which the average food intake of the 
hormone treated group during the period of treatment was compared with the 
average food intake of the controls during the same period. The average 
for the oestrogen treated group was 89.0 gms. per day and for the control 
73.6 gms. per day. The difference of 16,6 gms. gave a ’t' value of 2.46 
(P < 0.05).

A within treatment test was also done for weight gain, the weight 
change during the two weeks before treatment being subtracted from the 
weight change during treatment. On average the birds gained 75*0 gms. 
more during the fortnight of treatment than they did in the 14 days pre
treatment. This increase, however, was not quite significant (’t’= 2.30; 
4 d.f.).

Another ’t* test was done comparing the weight gain of the two groups 
during the period of oestrogen treatment. During this period the hormone 
treated group put on an average of 110 gms. while the controls’ averaged 
a loss of 2 gms. The difference of 112 gms. gave ’t’ - 2.55 (P <0.05).

It can be concluded that oestrogen treatment increased both food 
intake and weight gain in these mature ovariestomised birds.

It can also be calculated how much extra food was used to put on the 
extra weight. Increasing the daily food consumption by 27.6 gms. led to 
an increase in weight gain of 75 gms. over 14 days. Therefore, it took 
27.6 x 14 gms. 386.4 gms. of food to produce 75 gms. of increased weight. 
The ratio of increased food/increased weight was, therefore, 386.4/75 
5.15/1.

A rough theoretical calculation based on net energy data shows that it 
should take between 3.5 and 4 gms. of food given in addition to normal 
requirements for growth and maintenance to produce 1 gm. of fat. 
Experiment IV The Effect of Oestrogen on Food Intake and Weight Gain 
of Young Ovariectomised Hens.
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Materials and Method«
The birds used in this experiment were all ’J’ line Brown Leghorn 

females as maintained at the Poultry Research Centre. These were reared 
in colony cages to the age of about 6 weeks when they were transferred to 
a deep litter pen. At 10 weeks of age they were transferred from this to 
individual cock cages.

All the birds used in the experiment were ovariectomised at between 7 
and 8 weeks of age by the same method as above. At 12 weeks of age their 
plumage was examined to determine to what extent any new pin feathers were 
of the male type. Those whose new feathers were not uniformly male-1 -ike 
were suspected of not having been completely free of ovarian tissue. On 
these a laparotomy was done at about 13 weeks of age, the ovaries examined 
and any ovarian tissue found removed by electro-cautery.

The experimental design consisted of two blocks with 10 birds in each 
block. One block included all those birds which had had only one operation 
while all those which had undergone laparotomy were in the other. Within 
each block birds were arranged in pairs according to weight.

During the experiment the two blocks were housed separately in 
different rooms. In each room there were two sets of cock cages with 
six cages in each set, these being arranged in three tiers with two cages 
in each tier. Pairs were housed in the same tier. Within each block 
pairs were randomly assigned to one of five pairs of cages and for each pair 
the treatment was assigned randomly and these treatments then randomly 
assigned to one of the two available cages.

The actual experiment began on 29th April, I968 and finished on the 7th 
of June, 1968. The birds were approximately 17 weeks old at the start of 
the experiment. Throughout the period of the experiment regular readings 
of food intake and body weight were taken. From the 15th of May onwards 
twice weekly 1 ml. intramuscular injections of diethylstilboestrol (5 mg.) 
were given to one of the treatments, the others, being controls, were 
injected with 1 ml. of physiological saline.

Throughout the experiment the food given was I.C.I. Broiler Breeder 
Pellets. Water was constantly available but no grit was thought necessary

for birds of this age
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Results and Conclusions
The trends in food intake and weight gain are illustrated in fig. 23. 

The trends again show that oestrogen increased both food intake and the 
rate of weight gain.

The analysis was done hy finding the average daily food intake during 
the period before oestrogen treatment was initiated for all birds and sub
tracting this from the average daily food intake during the period of 
oestrogen treatment. An analysis of variance was then done using these 
differences. The analysis had one degree of freedom for treatment effects, 
eight degrees of freedom for between pair effects, nine for within pair 
effects and one between blocks. The variance ratio (treatment/within 
pairs) was 48*97 which was highly significant (P < 0.001). During 
oestrogen treatment the hormone treated group ate an average 7*9 gms. per 
day more than they did before treatment began. The control group on the 
other hand ate on average 8.8 gms. less than their pre-treatment level.

A similar procedure was followed with the body weight data. The 
variance ratio was 30.78 which was again highly significant (P < 0.001). 
During the two weeks following oestrogen treatment the hormone treated group 
gained an average of 91 gms. more than they had gained during the previous 
fortnight while the controls gained 43 gms. less.

It can be concluded that diethylstilboestrol increased both food intake 
and the rate of weight gain.

Taking 91 gms. as the average increased weight gain over 14 days of 
oestrogen treatment, we can calculate that the daily increase was 6.5 gms. 
This was accompanied by an increased food intake of 7*9 gms. per day. The 
ratio of extra food/extra gain was, therefore, 1.215/1. 
Experiment V - Effects of Oestrogen and Testosterone on the Food Intake 
and Weight Gain of Young Female Fowls.

From observation it had been subjectively concluded that cocks spend 
less time eating than hens do. As the higher level of testosterone in 
cocks is a likely reason for this sex difference it’s effect on the food 
intake of female birds was investigated in this and the subsequent 
experiment.
Materials and Method

The birds used in this experiment were all ’J’ Line female Brown 
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Leghorns. Twelve of these were hatched on the 12th of September, 1967, 
and 15 were hatched on the 19th September. They were kept in colony 
cages until 8 and 9 weeks old respectively when they were transferred to 
individual experimental cages.

The experimental cages were kept in two separate rooms. One room 
contained 18 large cock cages in three blocks of six, these being three 
tiers high. In the other room a block of nine small cages also three 
tiers high was kept. Before being randomly assigned to these cages the 
birds were split into two groups, one of 18 birds and the other of 9. 
All the 15 younger birds were put in the group of 18 and three birds from 
the older group randomly chosen to make up the number.

Since there were three treatments in this experiment an experimental 
design which was basically three latin squares with 9 birds in each square 
was used. Each latin square was constructed, the letters A, B or C being 
assigned to each cage. The order of these was then randomised within 
each latin square. The treatments T, for testosterone, 0, for oestrogen 
or X for control were then randomly assigned to A, B or C.

Birds weight were regularly determined from the 29th of December, 1967 
until the 5"th February, 1968. Some hitches at the start of the experiment 
meant that regular readings of daily food intake were available only from 
the 4 th January until the 5th February, 1968. There was a gap in these 
readings between the 22nd of January and 30th January while another 
experiment was being carried out with these birds. Hormone treatment 
commenced on the 10th of January, 19^8, and the last injections were given 
on the 26th January. The last few readings of food intake and bird weight, 
therefore, gave an indication of what happened to these measures when the 
influence of hormones was removed.

Intramuscular injections (1 ml.) were given to each bird twice weekly. 
The testosterone treated birds got testosterone propionate ( 5 mg./ml.) in 
arachis oil. The oestrogen birds got diethylstilboestrol (5 mg./ml.) in 
arachis oil and the controls got physiological saline. Since the birds 
were only 14-15 weeks old at the start of the experiment, it was believed that 
the endogenous levels of these hormones were minimal.

The diet used throughout was I.C.I. Broiler Breeder Pellets. Water
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was constantly available, but no grit was given. 
Results and. Conclusions

Fig. 24 illustrates the trends in food intake and body weight for all 
three treatments. From this the indications are that oestrogen increased 
both food intake and weight gain while testosterone did not effect either. 
With the withdrawal of oestrogen treatment, the food intake of the oestrogen 
treated group dropped below the control level and the weight gain was con
siderably reduced.

An analysis of variance was done to test whether there were any treat
ment effects on daily food intake. For each bird the average daily food 
intake prior to hormone treatment was calculated and subtracted from the 
average daily intake during the period of treatment. These differences 
were then used in the analysis.

For the purposes of this analysis the data was divided into two blocks, 
one for each room. The analysis then had two degrees of freedom for 
treatment effects, seven for column effects, four for rows, one for blocks 
and twelve for residual error.

The variance ratio (treatment/residual error) was 4.38 which was 
significant (P < 0.05). The block effects were also large giving a 
variance ratio (blocks/residual error) or 9*5 (P <0.01). In the small 
block the average differences were for ’T* 6.6 gms., for 'O’ 30.1 gms, and 
for ’X’ 7.1 gms. In the large block the corresponding figures were ’T’ 
0.3 gms., *0’ 6.3 gms., and 'X’ - 0.5 gms. Therefore, it seemed that the 
block effects were caused by the fact that there was a trend for food intake 
to increase independent of treatment in the small block which was not so in 
the large block. The variance ratio of the rows effect (rows/residual error) 
was 3*25 which was not significant. It was, however, large enough to give 
concern about experiment 111 which was not balanced for rows effects. The 
row effects, however, were completely reversed in the two blocks so we can
not make any deductions about the direction of row bias in other experi
ments.

The mean differences over the whole experiment were as follows:-
Oestrogen 14.3 gms.
Testosterone 2.3 gms.
Controls 2.0 gms.
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The standard, error of these means calculated, from the residual 
variance was 3.32 gms. Therefore, the oestrogen mean can he said to he 
significantly higher than zero and also significantly higher than controls 
(P < 0.05). Testosterone was neither.

For the body weight data the total weight gained during the twelve 
days after hormone treatment was started was subtracted from the weight 
gained during the previous twelve days. Using these differences the same 
kind of analysis was done as above.

The variance ratio (treatments/residual error) was 6.7 which was 
significant (P < 0.025). The rows, columns and block effects were small.

The mean of the differences for the three treatments were as 
follows:-

Oestrogen 89 gms.
Testosterone 29 gms.
Controls 4*4 gms.

The standard error of these means was 17 gms. Again the oestrogen mean is 
significantly higher than zero and also significantly higher than controls 
(P < 0.05). Testosterone was not significantly different from zero or 
from controls.

A 't’ test was done to demonstrate the effect of removing oestrogen on 
food intake in the following manner. For both oestrogen treated birds and 
controls, the daily average food intake between the 2nd and 5th February was 
calculated and subtracted from the average daily food intakes during the pre
treatment period. For the control group the average of these differences 
was 1.5 gms. and for the oestrogen group it was 21.47 gms. This indicates 
that the food intakes of the oestrogen treated group dropped markedly after 
the removal of the hormone influence. A ’t* value of 3.04 (P <0.01) 
showed that this drop was significant.

It can be concluded from these results that oestrogen increased food 
intake. This is so both on consideration of the within treatment trend 
and of the comparison with controls. The same conclusions can be drawn 
concerning weight gain. It can also be concluded that food intakes drop 
below the normal level when oestrogen treatment is removed.

In comparison with controls the oestrogen treated group ate an extra
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12.3 gms. per day as a result of oestrogen therapy. This was accompanied 
hy an increased weight gain of 84.6 gms. over 12 days or 7.05 gms. per day. 
The ratio of extra food/extra weight gain was, therefore, 12.3/7.05 or 1.71/1. 

Experiment VI - Effects of Oestrogen and Testosterone on the Food Intake 
and Weight Gain of Young Female Fowls. 
Materials and Method

Experiment VI was essentially similar to Experiment V. The "birds 
used were again young Brown Leghorn pullets "but 15 of these were *B’ line 
and only 9 ’J’ line as previously. The *B’ line at the Poultry Research 
Centre, however, is almost identical to the ’J' line in type and "breeding. 
All the birds were reared in a similar manner being kept in colony cages 
until assigned to the experimental cages at 10 weeks of age.

In this experiment 8 sets of cages were used each consisting of 
three laying cages one above the other. These were all kept together in 
the West Battery House at the Poultry Research Centre.

The experimental design was a modification of the latin square arrange
ment used in the last experiment. The birds and the cages were divided 
into three blocks. The 15 ’B* line birds were divided into two groups, one 
of 9 birds and one of 6 according to their weight, the 9 heaviest birds 
being put in the large group. The third group was made up entirely of ’J’ 
Lines. A latin square was designed, randomised and the treatments allocated 
for both blocks of 9 as in experiment V. In similar fashion an incomplete 
latin square was arranged for the blocks of 6 in which the columns were 
balanced (all three treatments being represented in each column) but rows 
were not. Within each block the birds were randomly assigned to their 
cages.

The experiment started when the birds were 15 weeks of age. Regular 
readings of daily food intake were taken between the 14th February and the 
12th March, 1968. The first weighing was discovered to be faulty so that 
body weight data was available only from the 20th February onwards.

Twice weekly injections were started on the 28th February. On each 
occasion the testosterone treated group were given 1 ml. intramuscular 
injections of testosterone propionate (5 mg./ml.) in arachis oil, the
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oestrogen treated group 1 ml. of diethylstilboestrol (5 mg./ml.) in 
arachis oil, and the controls 1 ml. of physiological saline.

The diet was again I.C.I. Broiler Breeders Pellets. Grit troughs 
which had been previously supplied to these cages for other birds were 
left but the birds did not appear to eat any. Water was constantly 
available.
Results and Conclusions

Fig. 25 shows that oestrogen treatment gave increased food intake 
and weight gain while testosterone had no effect on either. The 
significance of these trends was tested in the following manner.

From the food intake data the average daily food intake of each 
bird during the period before hormone treatment was calculated and 
subtracted from the average daily intake during the period of treatment. 
These differences were then used in two analyses of variance. In the 
first of these the two complete latin squares only were considered. With 
so few degrees of freedom for error this analysis failed to produce a 
significant result but the main point was that the rows and columns mean 
squares were commensurate with the error mean square. A further analysis 
was then done using all the data in which rows and columns effects were 
included in the residual error. This analysis had two degrees of free
dom for treatment effects, two degrees of freedom for blocks and 19 for 
residual error. The variance ratio (treatment/residual error) was 8.63 
which was significant (P < 0.01). The blocks mean square was smaller 
than the error mean square indicating consistency of trends in both *J’ 
Line and ’B’ Line birds.

The average differences for each treatment weres- 
Oestrogen 19 «1 gms.
Testosterone 8.6 gms.
Controls - 1.0 gms.

The standard error of these means calculated from the residual variance 
was 3.5 gms. Taking three standard errors as our significance criterion 
the oestrogen mean was significantly higher than zero and the control 
mean. The testosterone mean, however, was neither.
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For the body weight data the increase in weight of each "bird during 
the 8 days prior to hormone treatment was subtracted from the weight gain 
during the 8 days following oestrogen treatment. Similar analyses were 
done on these differences as were done for the food intake data. The 
variance ratio (treatment/residual error) was 16.85 which was highly 
significant (P < 0.001).

The mean of the differences for each treatment weres- 
Oestrogen 131.9 gms.
Testosterone 3.9 gms.
Controls 5*1 gms.

The standard error of these means calculated from residual error was 15.75 
gms. Therefore, the oestrogen mean was significantly higher than zero 
and significantly higher than the control mean. The testosterone mean 
was not significantly different from either.

We can, therefore, conclude that oestrogen increased both food intake 
and rate of weight gain in these young birds. Testosterone treated birds 
showed a considerable increase in food intake but this was not judged 
significant.

Assuming that the angle of divergence of the weight curves of 
oestrogen treated birds and controls remained the same over the period 
of hormone treatment, which seems more or less justified from fig. 20, we 
can calculate the extra food/extra gain ratio from the above data. An 
increase in food intake over controls of 20.1 gms. per day lead to an 
increase in weight of 126.1 gms. over 8 days or 15.8 gms. per day. The 
extra food/extra weight gain ratio was, therefore 20.1/15.8 or 1.27/1.

Experiment Vil - Effect of Oestrogen on the Food Intake and Weight Gain 
of Young Female Fowls 
Materials and Method

Although described as a separate experiment, the data here presented 
were actually part of Experiment XI described in part V. The first part 
of that experiment, however, helped to corroborate previous findings in 
part 111. The data were obtained in similar manner to the previous 
experiments except that there was no pre-hormone treatment control period.
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The birds used were 18 ’J' Line Brown Leghorn pullets. There were 
three age groups - eight were 14 weeks, six were 15 weeks and four were 
16 weeks of age at the start of the experiment. The observations were 
carried out in a small room accommodating 18 laying cages. These were 
arranged in groups of three one above the other.

It was decided to compensate for age and initial weight differences 
in the analyses of the results. With this in mind, it was impossible to 
balance the experiment for positional effects. These were, therefore, 
ignored and. the birds were split into their three age groups and paired 
according to weight within each block. They were then randomly assigned 
to the cages. The assignment, however, was not completely random since 
members of each pair and each block were kept together.

The first oestrogen injection was given on the 22nd of May, 1968. 
The food intake and weight data which were relevant to the present study 
were obtained between the 23rd of May and the 2nd of June.

The oestrogen treatment consisted of twice weekly intramuscular 
injections of 1 ml. of diethylstilboestrol (5 mg./ml.) in arachis oil. 
The remainder of the birds got control injections of 1 ml. physiological 
saline.

The food given during this experiment was Quickchick crumbs. Water 
was constantly available, but no grit was given. 
Results and Conclusions

The first part of fig. 26 part V shows the trends in food and water 
during the period under consideration. The food intake of the oestrogen 
treated group appears to increase gradually but more rapidly than con
trols over this period while the weight gain of the oestrogen treated 
group appears to be strikingly greater than the controls.

From the figure it would appear meaningless to do a test comparing 
the average intake of oestrogen treated birds with controls over this 
entire period since the oestrogen treated group were already eating con
siderably more than controls on the first day and we cannot be sure that 
this was due to an effect of the first injection of oestrogen. The 
increase in food intake due to oestrogen, however, became gradually more 
marked throughout the period and it was possible to test whether this trend 
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was s ignifleant.
For each "bird, the average food, intake over the first 5 days was sub

tracted from the average food intake during the last five days. An 
analysis of variance was then done using these differences with 1 degree 
of freedom for treatment effects, 6 for between pair effects, 8 for within 
pair effects and 2 for blocks. The variance ratio (treatments/within 
pairs) was 7.38 which was significant (P < 0.05). The average difference 
of the oestrogen treated group of 37«3 gms. per day was, therefore, 
significantly higher than the average control difference of 19.9 gms. per 
day. The between block mean square was less than the within pair mean 
square indicating that the trends were similar in each age group.

For the body weight data the weight of each bird at the beginning of 
the period was subtracted from their weight at the end of the period and a 
similar analysis to the above was done on these differences. The variance 
ratio, (treatments/within pairs) was 14.223 which was significant (P < 0.01) 
showing that the average differences for the oestrogen treated group of 
182.5 gms. was greater than the average difference of controls of 61.2 gms.

We can conclude that oestrogen treatment caused daily food intake to 
increase at a greater rate than in controls over the period considered and 
that it also increased the rate of weight gain. From this data it was not 
possible to calculate a meaningful extra food/extra gain ratio. 
Discussion of Part 111

This group of experiments showed that for all classes of stock tested, 
oestrogen increased the rate offood intake and of weight gain. Experiment 
11 was an exception which did not confirm this conclusion for food intake 
but this was probably due to toxic effects of excessive or unhygienic 
oestrogen dosage.

From the figures, it can be seen that the rate, at which food intake 
responded to oestrogen therapy was very variable. In some cases the
response was immediate, while in other cases the food intakes of oestrogen 
treated birds increased very gradually over a number of days. This did not 
seem to be a function of class of stock. In Experiment V for example, the 
response in young pullets was very gradual whereas in similar stock in 
Experiment VI there was a large immediate response.
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Extra gains may have "been in the form of fat, protein or body fluids. 
Extra food/extra weight gain ratios were calculated because high ratios of 
about 3.5/1 would indicate that the extra gain was mostly in the form of fat. 
The fact that most of the ratios were smaller than this, however, does not 
mean that the extra weight gain was necessarily in tissues with a low 
calorie content per unit of weight. As mentioned in part 1, oestrogen 
treatment can increase the efficiency of energy conversion by as much as 
40%. If this happened in our experiments a large part of the energy nor
mally used for maintence and growth would have been made available for 
extra weight gain. In such a case our extra food/extra gain ratios would 
be misleadingly low. An increased efficiency could explain the seemingly 
paradoxical result of increased weight gain without increased food intake 
in Experiment 1.

A few birds from Experiment 111 and all from Experiment IV were 
examined port-mortem, not immediately after these experiments but always 
after a long period of oestrogen treatment. The subjective assessment 
was made that oestrogen treated birds had more subcutaneous fat, more 
abdominal fat and larger oviducts than controls. Therefore, it is likely 
that these contributed considerably to the increased weight gains found.

The fact that in Experiment V the oestrogen treated bird’s food intake 
sank below control level after the removal of oestrogen treatment suggests 
that energy stored during the period of increased gain was inhibiting food 
intake.

In the experiments in which testosterone was used there was no 
indication that it had any effect on food intake or weight gain.



PART IV

EFFECTS OF OESTROGEN ON APPETITIVE BEHAVIOUR
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EFFECTS OF OESTROGEN ON APPETITIVE BEHAVIOUR

There is some controversy in the literature as to whether need states 
produce an increase in activity or, in ethological terms, that motivational 
states such as hunger and thirst give rise to appetitive 'behaviour. Usually 
it is accepted that appetitive behaviour does exist, the uncertainty being 
as to the conditions which bring it about and the nature of the behaviour 
itself.

The theory initially favoured (Campbell et al, 1966) was that need 
produces an internal drive state which energises spontaneous activity 
independent of external stimulation.

A number of papers, however, failed to demonstrate this appetitive 
activity when animals were tested in simple environments which were barren 
of discriminable stimuli. Thompson (1953) found that hunger had little 
effect on the activity of white rats when tested in a rectangular maze 
with a path across the centre in a uniformly curtained enclosure. 
Montgomery (1953) found that female rats deprived of food or water 
explored less than satiated rats in a single Y maze placed in a curtained 
enclosure.

Such findings led to the theory that environmental stimuli were 
important in relation to this activity. Campbell & Sheffield (1953) 
found that in a highly restricted environment hungry and satiated rats 
differed little in activity while, when new stimuli were introduced, 
hungry animals became much more active. Adlerstein & Fehrer (1955) 
expressed their belief that the increased activity accompanying hunger 
might be due to a reduction in the threshold of the investigatory response 
to stimuli in the environment. In their experiment rats deprived of food 
for 23 hours explored from 50 io 70 per cent more units of their complex, 
asymmetrical maze with highly differentiated extra-maze stimuli, than 
controls. Teghtsoonian & Campbell (i960) tested the activity of rats 
before and during terminal food deprivation in individual stabilimeter 
cages. Two groups of 8 rats were used. One group was kept in an 
ordinary laboratory and subjected to noise and trafficking of attendants 
while the others were in a sound proof, isolated environment. In the 
ordinary laboratory, activity of rats began to rise on the second day of 



8?.

deprivation and reached a maximum 400^ above predeprivation level on the 
6th day. In the uniform environment, however, deprivation initially 
caused a decline in activity before it gradually increased to a level 
just 7O°/o above the predeprivation level.

External stimulation, therefore, seems to be necessary to the mani
festation of appetitive behaviour but there is further evidence that 
stimuli which have been previously associated with food are particularly 
effective in this respect. Hall et al (i960) who failed to find increased 
activity in water and food deprived rats tested in a Dalshiell checker
board maze, which was quite a complex environment, go so far as to suggest 
that these are the only effective stimuli. They further suggested that 
activity might be due to frustration when a stimulus associated with feed
ing is presented without allowing the consummatory response. Sheffield 
and Campbell (1954) found that the activity of hungry rats as measured in 
a stabilimeter was increased when a stimulus which had been previously 
associated with food was presented. It did not increase the activity of 
controls which were also hungry but had not had the opportunity to 
associate it with food. Campbell (i960) measured the activity of rats in 
stabilimeters during 24 hours of light and 1 minute of darkness each day. 
Before deprivation, both experimentáis and controls showed an increased 
activity during the minute of darkness. After water deprivation the 
activity increased greatly during the one minute of darkness but only 
slightly during the rest of the 24 hours. This showed that a change in 
stimulation was enough to increase the activity of deprived rats. Later 
rats were allowed water after the 1 minute of darkness so that it became 
associated with drinking. This gave a further increase in activity during 
darkness.

In all these papers the emphasis has been on activity as measured by a 
recording device. It has been noted by several workers (e.g. Strong, 1957; 
Weasner et al, i960) that different recording devices give entirely 
different results. This may be due to the different types of stimulation 
which these apparatuses provide and also to the fact that they are 
differentially sensitive to different kinds of movement. Perhaps the 
lesson to be learned from this is that we should study the behaviour more 
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closely. Glickman & Jenzen (1961) realised this when they got rather 
incongruous results from their Y maze activity recorder. The concluded 
that since a rat is an olfactory animal the amount of smelling might he 
a better index of appetitive behaviour.

Finally we must examine the implication of the term appetitive 
behaviour and distinguish it from the term exploratory behaviour. 
Appetitive behaviour is random movement or searching which takes place 
under the influence of, and is dependent upon a goal directed motive. 
In the American school of physiological psychology the term exploratory 
behaviour is often used to mean the same thing, but here we wish to use 
it to describe behaviour which seems to be independent of primary motives.

It is important in the present study that we distinguish between 
appetitive and exploratory behaviour. In the following experiments we 
intend to show that oestrogen increased the appetitive component of feed
ing in hungry fowls in the same manner as it has already been shown to 
increase food intake, but first we had to be sure that we were correct 
in calling any increase in the behaviours measured ’appetitive behaviour*. 
First, experiments were done to compare the behaviour of hungry and non- 
hungry birds to determine whether the feeding motive in fowls did in fact 
have an appetitive component and if so to get some idea of its magnitude. 
Secondly, we had to be sure that oestrogen did not cause an increase in the 
behaviour measured by some means other than by increasing hunger. There is 
some suggestion from the literature, concerning hamsters that the repro
ductive hormones have little effect on exploratory behaviour as here defined 
(Swanson, 1966). To determine whether this was so in fowls, an experiment 
was done to investigate the effect of oestrogen on non-hungry fowls. 
Method of Testing

Our intention was not to discover the cause of appetitive behaviour. 
Our object was to measure it, however caused. In order to maximise the 
behaviour and thus probably also more adequately demonstrate differences 
in its extent in different groups of birds, it was decided to use a com
plex environment and also to include stimuli which had been associated 
with feeding. We also aimed to measure investigatory behaviour as well 
as activity.
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Two locations were used for the tests. One was just an ordinary 
room in which incidental noise was considerable. The other was a small
sound insulated room with a low level of incidental noise.

In the first of these a small wooden enclosure about 2-g- yards 
square was constructed with 18" high walls. During observation this 
was covered over with wire netting to prevent the birds from escaping. 
Behaviour was recorded from a hide placed near this enclosure. The 
sound proof room was about the same width as the observation pen. One 
barrier was, therefore, placed across this room to create a 2-g- yard 
square enclosure. Observations were again done from a hide.

Litter in the form of wood shavings was placed on the floors of 
these pens to encourage the scratching - pecking method of food seeking 
which was earlier described as the common appetitive component of feeding.

Each pen was divided into 16 imaginary squares. They were imaginary 
because they were not marked off. Markers were placed round the peri
meter as guides to the location of boundary lines. These squares were 
numbered.

Into certain of the squares on object was placed for the birds to 
investigate. Objects were a diverse collection of common articles. 
Three different sets of objects were used in different experiments but 
in all cases an empty food trough similar to those used by the birds 
occupied a central position.

Birds were put into the test situation individually. Before each 
test birds were kept for 10 minutes in a box such as is used for trans
porting hens. After this settling period it was possible to place them 
gently in square one of the observation pen without startling them. On 
being placed in the pens all birds remained inactive for a few minutes 
and it was concluded that this method of introducing them to the test 
environment was sufficiently standardised.

Records of behaviour were made with the aid of a Trotter box (Trotter, 
1959). This is a clockwork device which passes a roll of cash register 
paper past a small apperture at a constant rate. Symbols which 
represented different behaviour patterns were written on the paper through 
this apperture. Whenever the behaviour of the birds changed the symbol 
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representing the new behaviour was written. At the same time the number 
of imaginary squares entered, by the bird was recorded, by writing down the 
number of the square entered whenever the bird moved across a boundary 
line. Since the paper passed at a constant rate the length of paper 
between symbols indicated the time spent on each behaviour. Three centi
meters were equivalent to 1 minute. The conversion, however, was not 
carried out and the times used were in terms of centimeters.

The categories of behaviour recorded along with the symbols which 
represented them are given below:-

St. Standing doing nothing.
IE Investigating environment. This meant standing

making rapid head movements and paying attention 
to the surrounding stimuli.

MA Moving about or walking.
P Preening. This included all types of grooming.
Hit Investigating litter. This involved lowering

the head and fixating on the litter •
PLit Pecking in the litter.
SLit Scratching in the litter.
LY Lying or sitting.

Some of the above behaviours (IE, MA, P, ILit, PLit, SLit) could be 
executed from a sitting position. They were recorded as a separate 
category of behaviour when sitting.

For each object in the test situation a symbol was adopted. These 
were preceded either with the letter ’I* or ’P’. The *1' indicated that 
the bird investigated the object while the ’P’ indicated pecking at the 
object. Sometimes birds attempted to escape from the observation pen. 
These were indicated by the symbol 'EA’.

Since in most cases comparison of the times spent engaged in any one 
activity did not reveal significant differences between groups an Appetitive 
Activity Index (A.A.l) was calculated which was designed to give an overall 
indication of the extent of appetitive behaviour. This was done by 
weighting different categories of behaviour according to their investigatory 
or foot-seeking content. The total time spent in each of these activities 



91

was then multiplied, by the weight. Products for all categories of 
behaviour were then added to arrive at the index.

The weights given to each symbol were as follows
St 1
IE 3 When behaviours occurred while sitting.
MA 4 The weight was reduced by 1.
P 2 e.g. lying IE s 2.
ILit 4
PLit 6
SLit 6
EA 6
LY 0
I object 4
P object 8
In all cases birds were put in the test pen individually and their 

behaviour recorded for 30 minutes.
Experiment Vlll - The Effects of Hunger on the Appetitive Behaviour 
of Mature Hens

This experiment describes the results of three trials in which the 
effects of hunger on the appetitive behaviour of a group of mature hens 
were investigated. 
Materials and Method

The birds used in this experiment were 11 laying 'J' Line Brown Leg
horn hens approximately 11 months old at the start of the first experiment.

The three trials were carried out in the ’ordinary room*. For the
first two trials the test pen contained the following objects:- an 
empty feeding trough, a yellow rag, a small quantity of sand, 4 coloured 
pens, a multi-coloured object made of perspex and coloured tin foil and a 
gauze such as is used with bunsen burners. For the third trial the objects 
were changed to the following;- an empty food trough, a brick, a yellow rag, 
a multi-coloured object, a formica cage label, a block of wood, a piece of 
coal and a light bulb.

The first trial was carried out during the week beginning 1st August, 
1967 and the second a week after the completion of the first starting on



TABLE XV. EFFECTS OF HUNGER ON THE APPETITIVE BEHAVIOUR OFMATURE HENS.
Category of Behaviour Half Hour Averages Mann—Witney*U» Probability•Hungry Not HungryNo. of Squares Entered 43.3 32.8 29 N.S.No. of Objects Pecked 2.64 0.44 15 P < 0.05The following are total times ( cms.) engaged in each behavi our.Pecking Objects •15.67 1.33 12.5 P < 0.02Investigating Objects 6.33 3.44 24.5 N.S.Pecking Litter 64.O 28.0 17 P < 0.05Scratching Litter 8.77 4.89 36 N.S.Standing 37.7 54.2 38.5 N.S.Lying 56.7 197.0 19 N.S.Standing + Lying 94.4 251.2 30 / N.S.Moving About 70.1 59.6 30 N.S.

Category averages include lying + standing.
N.S. ■ = Not significant. 
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the list Augustj 1967» The third trial was done 5 months later starting 
on the 9 th January, 1968.

In each trial half the "birds were deprived of food for 24 hours "before 
testing. The other half were not deprived. Between trial 11 and trial 
111 treatments were switched so that birds which were tested hungry in the 
first two trials were tested without deprivation in the third trial.

The birds had been reared in colony cages and during the months 
previous to the experiment had been stored in pairs in cock cages. They 
were put into individual cages a month prior to the first trial.

Since the birds were laying it was important to test them at times 
when it was not likely that they would show nesting behaviour. This was 
particularly difficult in the case of those which had to be deprived of 
food 24 hours before the test. It meant that a test could not be done 
in any logical temporal order. 
Results

In the second trial familiarity with the environment seemed to 
eliminate any differences which were present in the first trial. For 
this reason we shall describe only the results obtained from Trials 1 
and 111 taken together.

Despite precautions, some birds showed nesting behaviour during the 
first trial so that reliable results were obtained from only 4 birds in 
each treatment. In Trial 111 results were successfully obtained from $ 
birds of each treatment.

The averages of the A.A.I. scores for both trials were I684 for 
hungry birds and 1100 for non-hungry controls. The difference between 
these, however, was not significant.

Further results and ’U* Tests which compare other categories of 
behaviour are given in Table XV. They showed that hunger increased the 
number of objects pecked and the time spent pecking objects as well as 
the time spent pecking litter. There were non-signifleant trends for 
hungry birds to enter more squares, to spend more time moving about and 
spend less time standing and lying. 
Conclusions

Despite the fact that there was no significant increase in A.A.I 
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the hungry birds showed an increased interest in their environment by 
pecking at objects and the litter more than controls.
Experiment IX - The Effects of Hunger on the Appetitive Behaviour of 
Pullets.
Materials and Method

The birds used in this experiment were 8 intact ’J’ Line pullets, 
four of which hatched on the 9th January, 1968 and four on the 16th of 
January, and 8 intact ’B* Line pullets, four of which hatched on the 
26th December, 1967 and four on the 22nd January, 1968. They were 
divided equally into control and experimental groups.

The birds were reared in colony cages and had been kept in a deep 
litter pen for a few weeks before being put in the experimental cages. 
Space limitations meant that they had to be kept two to a cage. Before 
testing, therefore, the deprived group had to be deprived in pairs. 
Testing was carried on throughout each day for 3 days. The sequence of 
testing was two hungry birds followed by two controls. The deprivation 
periods were not accurately 24 hours. Some were deprived of food for 
23-g- and others for 24g- hours before testing. Controls were not 
deprived.

The tests were started on the 28th of May,. 1968, when the oldest 
birds were 22 weeks of age. Since they were, therefore, approaching 
maturity it was felt that the degree of maturity could have an 
important effect on performance during test. The birds, therefore, 
were classified according to degree of maturity as judged from the size 
of their combs. Classes were tested in sequence so that effects of 
degree of maturity and time of testing were confounded.

The tests were carried out in the sound insulated room with the 
following objects available for the birds to investigates— a food 
trough, a light bulb, a green coloured pot scrubber, a yellow sponge, 
a block of wood, a grey rag, a scrubbing brush and a cage label. 
Results

The average A.A.l. for the hungry group was 1339 and for the non- 
hungry controls 1152. An analysis of variance was done with 3 degrees 
of freedom for class effects, 1 for treatments and 11 for residual error.



,TABLE XVI EFFECTS OF HUNGER ON THE APPETITIVE BEHAVIOUR OF PULLETS.
'Category of 'Behaviour Half Hour Averages Mann-Uitney 'U' ProbabilityHungry Not Hungry
No. of Squares Entered 16.00 6,78 30. N.S.No. of Objects Pecked 0.88 O.78 28 N.S.The following are totai. times (cms.) engaged in each behaviour.Pecking Objects 2.13 2.63 26 N.S.Investigating Objects 0.00 0.25 28 N.S.Pecking Litter 77.0 107.4 16 N.S.Scratching Litter 9-75 29.75 24 N.S.Standing 79.3 43.5 25.5 N.S.Lying 173.3 173.8 29 N.S.Standing + Lying 252.5 217.3 25 N.S.Moving About 22.1 7.5 27 N.S.Investigating Environment 161.3 151.3 31 N.S.Preening 10.4 17.4, 25 N.S.

Category averages include lying + standing.
N.S Not significant
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The class moan SQuar© was small showing 'th.a’t "tim© of tssting and d©gr©© of 
maturity probably had little effect on the results• The variance ratio
(treatments/residual error) was 4.457 which fell just short of significance 

Table XVI shows that there were no significant differences in the 
levels of any other categories of behaviour. 
Conclusions

Hunger did not significantly increase the appetitive behaviour of 
these pullets. Such trends as there were tended to be different from 
those in the previous experiment in that the hungry birds pecked less at ’ 
objects and litter than the controls and there was little difference 
between the groups in the time spent inactively standing or lying. This 
difference could have been partly due to the fact that the birds in this 
experiment had experience of deep litter pens.
Experiment X - The Effects of Oestrogen on the Appetitive Behaviour of 
Young Ovarieotomised Female Fowls

This experiment set out to discover the effect of oestrogen on the 
behaviour of birds in the test environment when none were hungry. 
Materials and Method 1 ■ II 0

The birds used in this experiment were the same ones as described in 
Experiment IV. They were kept in the same cages and were tested in the 
order in which they were caged so that we could take advantage of the 
experimental design of the previous experiment in analysing the results.

The tests were begun on the 5th June, I968 when the birds were on 
average 22 weeks of age. There were two treatments with 10 birds in each 
treatment. An oestrogen group had been getting twice weekly injections 
of diethylstilboestrol since the 15th of May and controls twice weekly 
injections of saline over the same period.

The tests were carried out in the sound insulated room with the same 
group of objects as listed in Experiment IX. There were no food 
deprivations before the tests. 
Results

The average A.A.I. for the oestrogen treated group was 2502 and for 
the controls 1603» An analysis of variance was done on the individual



. TABLE XVII. EFFECTS OF OESTROGEN ON THE APPETITIVE BEHAVIOUR OF OVARIECTOMISED PULLETS.
Category of Behaviour ' Half Hour- Averages Mann-WitneyLU’ ■ Probability.. Oestrogen Controls
No. of Squares Entered. 20.4 14.4 42.5 N.S.No. of Objects Pecked. 1.8 1.4 41 N.S.The following are total times (cms.) engaged in each behaviourPecking Objects 5.4 3.3 40 N.S.Investigating Objects 0.7 1.5 45 N.S.Pecking Litter 253.1 124.6 20 P <0.05Scratching Litter 112.0 63.9 26 N.S.Standing 2.5 59-5 32 N.S.Lying 11.4 105.8 11.^ P <0.02Standing + Lying 13.9 165.3 5 P < 0.002Moving About ) 23.5 23.1 44 N.S.Investigating Environment 95*8 145.8 23 P <0.05Preening 30.5 -14.5 26 N.S.

Category averages include lying +■ standing.
N.S. = Not significant.
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A.A.I. scores. Blocks and. "between pair mean squares were found to "be small 
and the variance due to these was included in the residual errorvariance. 
The variance ratio (treatment/residual error) then found was 12.586 
(P < 0.01; d.f. 1, 18) which showed that the scores for the oestrogen 
treated group were significantly higher than control scores.

Further results and ’U’ Tests are given in Table XVII where it can be 
seen that oestrogen treatment significantly increased the time spent peck
ing the litter and the time spent investigating environment. It also 
decreased the time spent lying and the time spent standing + lying. 
Conclusions

Oestrogen given to non-hungry ovariectomised pullets increased their 
A.A.I. scores. It also increased their ’interest’ in the litter and 
reduced their time spent passively standing and lying. It had a very 
small effect on interest in objects or on activity measured as number of 
squares entered or as time spent moving about. 
Discussion of Part IV

The results of the experiments in this section showed that hunger 
increased the time spent pecking litter, the number of objects pecked and 
the time spent pecking objects by mature hens. Hunger had no significant 
effect on the behaviour of young pullets but it was noteworthy that hunger 
tended to decrease the time spent pecking objects and pecking litter in 
this experiment. In the third experiment it was shown that oestrogen had 
a large effect on A.A.I. of non-hungry ovariecomised pullets. It 
increased the time spent pecking litter and investigating environment and 
reduced the amount of lying and standing. The conclusion has to be that 
oestrogen has a much larger effect on the behaviour tested than hunger. 
There is too much inconsistency in the results of the first two 
experiments to allow the behaviour patterns produced by oestrogen and 
hunger to be qualitatively distinguished.

We should redefine the behaviour produced by oestrogen as exploratory 
rather than appetitive behaviour since it seems to be independent of the 
primary feeding motive. It would, therefore, be purposeless to do the 
proposed experiments testing the effects of oestrogen on the behaviour
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Ox hungry birds since we would, not know how much of any increase was due 
to this effect on exploratory behaviour and, therefore, any effect of 
oestrogen on appetitive behaviour could not be distinguished. It would 
require a very large experiment, beyond our resources to test for a 
hunger-oestrogen interaction which would reveal any effect of oestrogen 
on appetitive behaviour.

The fact that oestrogen increased exploratory behaviour in the 
absence of hunger could have a number of possible explanations. It 
could be for instance that oestrogen reduces emotionality. The fact 
that differences disappeared in Experiment VIII when birds were familiar 
with the test environment suggests that the level of emotionality was 
the important difference between groups in the first trial.

Another possibility is that oestrogen has its effect by increasing 
the level of sex motivation. In relation to this possibility the find
ings of Kawakami & Sawyer (1959) are of interest. They found that, in 
rabbits, sexual receptivity induced by oestrogen and progesterone treat
ment reduced the threshold voltage of the stimulation necessary in the 
mid-brain reticular formation to produce cortical arousal. If such a 
reduction in arousal threshold occurred in sexually receptive fowls an 
increase in exploratory behaviour would not be unexpected.



PART V

THE EFFECT OF QUININE ADULTERATION

ON THE FOOD INTAKE OF OESTROGEN TREATED BIRDS
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THE EFFECT OF QUININE ADULTERATION ON THE FOOD INTAKE OF OESTROGEN 
TREATED BIRDS.

In this section we shall describe two experiments which compare the 
effect of quinine adulteration on tie food intake of oestrogen treated 
and non—oestrogen treated birds.
The Adulterated Diet.

The birds in the following experiments had been used to feeding on 
pelleted rations. Since it was thought that quinine could not be readily 
mixed with pellets a diet of a different physical compostion was necessary. 
From experience it had been found that hens do not readily accept mash after 
being used to pellets and it was decided to feed drumbs. The type used 
were I.C.I. Quickchick crumbs.

A test was carried out to determine what concentration of quinine would 
give a suitable decrease in appetite without making the diet completely 
unacceptable. With 0.30 of quinine HCL powder mixed through the crumbs it 
was found that the food intake of pullets was reduced to 120 of the normal 
level on the first day and after three days the food intake had recovered 
to a level of about 500 at which it remained while the adulterated diet 
was continued. This was thought suitable and a level of 30 of quinine 
was adopted for the following experiments.
Experiment XI - The Effect „f Quinine Adulteration on the Food Intake of 
Oestrogen Treated Pullets, 
Materials and Method.

The birds used, and the experimental situation, have already been 
described in Experiment VII. To recap: there were two groups of intact 
’J’ line pullets with 9 birds in each group. Twice weekly injections 
of diethylstilboestrol were given to the oestrogen group and physiological 
saline to the conti'ols starting on the 23rd May and continuing until the 
20th June. Over this period daily readings of food intake were taken and 
the body weight of the birds determined at regular intervals. During the 
experiment they were fed ordinary Quickchick crumbs except during the 15 
days between the 2nd and 17th of June when the adulterated diet was 
substituted.
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Results.

Fig. 26 shows how the levels of food intake and "body weight changed 
over the period of the experiment. Before the quinine adulterated diet 
was given the oestrogen treated group were eating more than controls.

After adulteration doth showed a severe decline in food intake which 
recovered partially reaching a plateau after 3 to 4 days. The recovery 
of the oestrogen treated "birds was apparently more rapid than that of 
controls. On re-introduction of the normal diet, the controls compensated 
for their depressed food intake "by eating well above the pre-adulteration 
level for two days. While the oestrogen treated group compensated in 1 ike 
manner their food intake was only slightly above pre-deprivation level for 
one day. Throughout the whole experiment the food intake of the oestrogen 
treated group was greater than the controls. The oestrogen treated group 
gained weight much more rapidly than controls before adulteration, but 
while eating this diet they seemed to lose weight slightly more rapidly 
than controls.

It has already been demonstrated (Exp.VIl) that food intake was 
significantly higher in the oestrogen treated group than controls at the 
start of the experiment.

Three analyses of variance were done to determine whether oestrogen 
treated birds ate significantly more than controls during the period of 
quinine feeding. It will be remembered that the birds were blocked by 
age and paired by weight, but in all the analyses it was found that blocks 
and pairs effects were small and they were included in the residual error. 
The tests tested - 1) Whether there was any difference in the level of 
food intake between the two treatments on day 1 of quinine feeding. 
2) Whether there was any difference in their average daily food intake 
during the plateau period from the 8th to the T/th June. 3) Whether there 
was any difference in average food intake over the entire period of quinine 
feeding. The results were as followss- 
F 5-iod
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Period Average Daily Food Intake (gms.1) F ProbabilityOestrogen Controls
1st Day 20.8 11.2 2.23 N.S.
Plateau 53.2 45-3 6.72 P < 0.025
Entire Period 48.9 39-4 6.32 P < 0.025
These showed that the difference between treatments was not significant 
during the first day but was so when longer periods were considered. 
The difference between the two treatments on day 1 was just as great as 
during the whole period. The failure to demonstrate that this was 
significant was probably due to the fact that 1 day’s readings have a 
greater variance than food intake data averaged over a number of days.

Next a series of tests were done to determine which group suffered 
the greater reduction in food intake. The level of food intake which might 
have been expected over the period of quinine feeding if on a normal diet was 
estimated by averaging the daily food intakes of each bird for the 5 days 
before quinine was introduced and the last day after the re-introduction
of normal diet. The reductions were then calculated as the difference
between expected and obs a?ved food intake. Since there were no blocks
of pairs effects previously the simple ’U’ test was deemed sufficient for
this purpose. The results were as follows:—
Period Average Daily Reductions (gms) ’U' Probability

1st Day
Oestrogen Controls

69.7 58.2 23 N.S.
Plateau 37.2 24.I 9.5 P < 0.02
Entire Period 41.5 30.0 13 P < 0.02

These demonstrated for all but the individual day’s results that the 
oestrogen treated group suffered a greater absolute reduction in food intake 
than controls.

From this data the percentage reduction in food intake could be 
calculated for each bird (reduction/expectation x 100). This done, the
same procedure above was carried out giving the following results:-
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Period Average 
Oestrogen

% Reduction 
Controls

•u* Probability

1st Day 77.9 83.5 30 U.S.
Plateau 40.6 34.4 24 U.S.
Entire Period 45-6 43.0 35 N.S.

The trends showed that apart from the 1st day the oestrogen treated 
group suffered a slightly greater percentage decrease in food intake, hut 
there was no significant difference between them and controls.

Finally, an analysis of variance was done comparing the weight loss of 
the two treatments over the period during which adulterated food was given. 
The variance ratio (treatments/residual error) was 27.956 (P <0.001; 
d.f. 1, 16). This showed that the oestrogen groups’ average loss of 54*4 gms. 
was greater than the controls’ loss of 18.9 gms.

We shall discuss conclusions in the discussion at the end of this section. 
Experiment XII - The Effect of Quinine Adulteration on the Food Intake 
of Oestrogen Treated Ovariectomised Pullets. 
Materilas and Method.

This experiment was more or less a repeat of the previous one using the 
ovariectomised pullets and experimental situation described in Experiment IV.

There were two groups of birds with 10 in each group. Regular readings 
of daily intake were started on the 18th of June, 1968, when the birds were 
approximately 24 weeks old and continued until the 12th of July. During this 
period the ordinary Quickchick diet was given, except between the 24th of June 
and the 8th of July when they were given adulterated diet. Regular obser
vations of body weight were taken from the 3rd of June until the end of the 
experiment. Having been used for other experiments the birds had been on 
oestrogen treatment for 1 month before the start of this experiment. As 
usual the treatment had consisted of twice weekly injections of diethylstil- 
boestrol to the oestrogen treated group and physiological saline to the 
controls.
Results

The trends in food intake and weight gain are illustrated in fig. 27. 
The food intake trends show that both treatments were eating about the same 
amount of food before the adulterated diet was given, that both showed about 
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the same reduction immediately after the quinine was given, that "both 
reached the same plateau after a few days on quinine hut that the oestrogen 
treated group were probably quicker to reach this plateau. In this case 
the oestrogen treated group seemed to show the largest compensation for 
depressed food intake when the normal diet was restored. The body weight 
trends seem to show that the oestrogen treated group was still gaining 
weight slightly more rapidly than controls before the adulterated diet was 
given, and also that the oestrogen treated group suffered a slightly 
greater loss of weight during oestrogen treatment.

A paired 't* test was done to determine whether the apparently greater 
rate of weight gain in the oestrogen group before the adulterated diet was 
given was significant. It will be remembered that birds were paired 
according to weight. The average weight gain of the oestrogen treated 
group between the 3rd and 24th of June was 129*5 gms. and for controls 
94.5 gms. The difference of 35*0 gms. gave ’t' = 1.11 which was not 
significant.

£ similar paired ’t* test was done to test whether the oestrogen group 
lost more weight than controls during quinine feeding. The oestrogen treated 
birds lost an average of 88.5 gms. over this period while the controls lost 
54.5 gms. The difference of 34*0 gms. gave ’t’ = 1*259 which was not 
significant.

The three Mann-Witney ’U* tests were carried out to determine whether 
there were any significant differences in food intake during the first day 
of quinine feeding, during the plateau period from the 28th June to the 8th 
of July or during the entire period. The results were as follows:-

No difference in food intake could be demonstrated.

Period Average Daily Food Intake (gms.) 'E1 Probability
Oestrogen Controls.

1st Day 17.7 13.7 40.5 N.S.
Plateau 43.5 44*1 49 N.S.
Entire Period 38.9 40.1 45 N.S.

Reductions in food intake were also calculated as previously giving 
the following results:-
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Period Average Daily Reductions (gms.) *U’ Probability
Oestrogen Controls

1st Day 63.O 61.0 46 N.S.
Plateau 37*3 30.6 33.5 N.S.
Entire Period 41»9 34*6 31 N.S.

The last of these was nearest to significance of all the tests done and
an analysis of variance was done on the results, but with 
did not approach significance.

*F» = I.454 it

Also in the same manner as before, the percentage reductions in food 
intake were calculated giving the following results:-
Period Average °/o Reduction *U*

Oestrogen Controls
Probability

1st Day 78»4 81.8 43»5 N.S.
Plateau 45*8 40.1 38 N.S.
Entire Period 51»8 45«3 35 N.S.

In all of these except day I, oestrogen treated group had a slightly
larger percentage reduction than controls but none of the results approached
significance.
Discussion of Part V

Normal hunger can be defined as that which is produced by food depri
vation in normal animals. We have already described in Part I that experi
mental procedures which produce increased food intake can produce abnormal 
hunger. Ventromedial lesions, for example, produce abnormal hunger since 
they increase appetite while decreasing quinine tolerance. Quinine adul
teration is, in fact a means of imposing food deprivation and we wish to 
decide whether hunger produced by this means in oestrogen treated birds is 
normal or abnormal.

In the second of the two quinine experiments the birds had been on 
oestrogen treatment for some time before the present study and the increased 
food intake which oestrogen had produced earlier in treatment (ref. Experiment 
IV) had waned so that oestrogen treated birds and controls were eating at 
approximately the same rate at the start of the experiment. The results 
in this case showed that both groups ate the same amount of adulterated 
diet and there was, therefore, no apparent abnormality in the hunger 
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produced in the oestrogen treated birds.
In the first experiment the oestrogen treated birds were eating more 

than controls before the adulterated diet was given and they continued to 
to so after adulteration. During adulteration, however, the oestrogen 
treated birds suffered a greater reduction in food intake. What are we then 
to decide? Were oestrogen treated birds abnormally resistant or abnormally 
sensitive to quinine adulteration? The answer may lie in the finding that 
the percentage reduction in food intake was almost the same in both groups. 
A corollary of this finding is that the amount of quinine adulterated food 
eaten was proportional to the reduction in food intake caused by adulteration.

To clarify this we shall tabulate those results of the first 
adulteration experiment obtained over the entire period of quinine feeding.

Oestrogen Treated Controls
Average daily intake of 
adulterated diet. 48.9 gms. 39»4 gms.
iFfMt St"*1'41”1 41.5 gms. 30.0 gms.

Average percentage daily 
reduction in food intake 45*6% 43.0^

Our argument is that, since the percentage reduction in both groups 
is almost the same, the ratios - average daily intake/average daily reduction, 
must almost be the same in both groups.

i.e. 48.9/41.5 F 39.4/30.0
i.e. 1.18/1 ? 1.31/1

If we assume that these two ratios are equal within the limits of 
experimental error, we can state the intake of adulterated diet was 
proportional to the reduction in food intake. This reduction is equivalent 
to deprivation so that we can re-state the previous sentence as - the amount 
of quinine adulterated food eaten was proportional to deprivation. Miller 
(1957) found that when normal rats were deprived of food for varying lengths 
of time, their quinine tolerance was proportional to deprivation. Thus 
it seems that our oestrogen treated fowls were behaving like normal rats and 
there is no reason to suppose that the hunger produced in oestrogen treated 
birds by quinine deprivation was in any way abnormal.
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The critical reader may feel that we are wrong to consider the 
percentage reductions in food intake the same in "both treatments, the 
oestrogen treated "birds suffering a slightly greater percentage reduction 
than controls. This fact may weaken the argument of the preceding 
paragraph, but the slight discrepancy was probably due to oestrogen treated 
birds making use of reserves of energy built up as increased weight during 
hormone treatment to supplement their dietary energy. Their state of 
deprivation would not, therefore, be as severe as their reduction in food 
intake would suggest. The fact that oestrogen treated birds lost more 
weight than controls in both experiments centainly suggests that this was so.



PART VI

EFFECT OF OESTROGEN ON RATE OF FEEDING

AFTER FOOD DEPRIVATION.
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EFFECT OF OESTROGEN ON RATE OF FEEDING AFTER FOOD DEPRIVATION.
The two experiments described in this section were designed to test the 

effect of oestrogen treatment on the rate of feeding of pullets after 24 
hours and 6 hours food deprivation.
Experiment XIII - The effect of Oestrogen on the Rate of Feeding of 
Ovariectomised Pullets after Periods of Food Deprivation.
Materials and Method

The birds used were again the 20 overiectomised pullets described in 
Experiment IV and they were kept in the same experimental environment. 
They were kept in two separate rooms with 10 birds in each room. Half the 
birds in each room were getting twice weekly injections or oestrogen and the 
other half control injections of saline.

The first of two tests was done after 24 hours of food deprivation on 
the 11th of June, 1968 when the birds were 23 weeks old and had been receiving 
hormone treatment for 4 weeks. The second test was done a week later after 
6 hours deprivation.

In the first test food intakes were measured at 10 minute intervals for 
a half hour after food was first given. Five birds were tested together, all 
being of the same hormone treatment to avoid possible effects of social 
facilitation. After each 10 minutes of feeding, food troughs were removed 
and quickly replaced by fresh ones containing a known quantity of food. In
the second test food intake was measured for only one 10 minute period. Food
used during these tests was Broiler Breeder Pellets.
Results
Test I:- The average food intakes of the two treatments after 24 hours 
deprivation were as follows 
Treatment Average Food Intake (gms.)

1st 10 mins. 2nd 10 mins. 3rd 10 mins. Half Hour Total 
Oestrogen 21.0 4«7 2.5 28.2
Controls 18.1 5.9 2.7 26.7
The oestrogen treated group appeared to eat slightly more in the first 10 
minutes, but by the end of the half hour trial appeared to be eating less than 
controls.
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Analyses of variance were done to determine whether any of these 
differences were significant. The largest 'F* value was obtained when 
comparing intakes during the first 10 minutes but even this (»F* 1.24;
d.f. 1, 8) was not nearly significant.
Test II During the first 10 minutes of eating after 6 hours deprivation 
the oeskogen treated group ate an average of 19*4 gms. and the controls 
13.5 gms. The variance ratio obtained on testing this difference was 
3.73 (d.f. 1, 8) which was not quite significant.

Although none of the tests proved significantly difference there 
seemed to be a much bigger difference between the treatments after only 6 
hours deprivation than after 24 hours.
Experiment XIV - The Effects of Oestrogen on the Rate of Feeding of Intact 
Pullets after Periods of Food Deprivation 
Materials and Method.

The birds and the experimental situation were the same as described in 
Experiment VII. Again half the birds were getting twice weekly injections 
of oestrogen while the rest were getting control injections of saline.

The first of two tests was done on the 28th June, 1968 when the birds 
were between 19 and 21 weeks of age and had been receiving hormone treatment 
for 5 weeks. This test was done after 24 hours food deprivation. The 2nd 
test was done 1 week later After 6 hours deprivation.

The procedure followed during the tests was essentially similar to that 
employed in the previous experiment except that, because there were only 18 
birds, they were tested in 3 groups of six. In each group there was an equal 
number of birds from each treatment. There was, therefore, the possibility 
that social facilitation could have reduced the differences between treat
ments, but the physical arrangement was such that we could check whether 
proximity to an oestrogen treated bird influenced the eating pattern of 
controls. This check gave no hint that social facilitation was having any 
effect on the results.

Since there were frequent loud noises in the experimental room, a 
radio was played to the birds for 1 day before and during the tests. 
The food used was again I.C.I. Broiler Breeder Pellets.
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Results.
Test 1
Treatment

The eating pattern after 24 hours deprivation was as follows 
Average Food Intake (gms.)

1st. 10 mins. 2nd. 10 mins. 3rd. 10 mins. Half Hour Totals
Oestrogen 25.0 9.1 4.7 39.1
Controls 27.0 6.6 2.9 36.5
There was again little difference in the rate of eating of the two groups. 
In contradiction to the last experiment, it was the controls that ate most 
in the first 10 mins.

Analyses of variance were again done to determine whether there were any 
significant differences "between the two groups. The highest variance 
ratio (1.82; d.f. 1, 14) was obtained when the third 10 min. totals were 
compared. The variance ratio obtained when the half hour totals were 
compared was only 0.49 (d.f. 1, 14). There was, therefore, no significant 
difference between the treatments.
Test 2 s— During the first 10 mins, of eating after 6 hours deprivation, 
the oestrogen treated birds ate an average of 19*2 gms. and the controls an 
average of 17.2 gms. The variance ratio (treatments/residual error) was 
1.29 (d.f. 1, 16) which was not significant.
Discussion of Part VI.

In the two experiments described in this section we were using short 
term food intake after standard period of deprivation as a measure of 
motivation. The aim was to discover whether any abnormalities in the hunger 
of oestrogen treated birds could be revealed in this parameter.

In order to determine whether there were any abnormalities we must 
decide what results would be normal. In normal rats Miller (1957) found that 
short term food intake and length of previous deprivation were correlated only 
if deprivation periods were shorter than 6 hours. This was because, although 
qjiinine tolerance continued to increase, short term food intake reached a 
maximum with a deprivation time of about 6 hours. Wood-Gush &. Gower (1968) 
doing a similar study with mature Brown Leghorn cocks found that their short 
term rate of intake of pelleted food tended to reach a maximum with 
deprivation periods of 24 hours. In fact, there was a slight increase in the 
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amount of food eaten in half an hour when the deprivation period was extended 
to 48 hours hut this was slight.

In cases where oestrogen increases food intake, we would expect any 
period of deprivation to produce rather more severe results in treated than 
in control birds. If food was removed for 6 hours, oestrogen treated birds 
would, in effect, be more deprived than controls. In fowls 6 hours of 
deprivation is still within the range in which short term rate of feeding is 
proportional to deprivation. Therefore, in the 6 hours trials we would 
expect the oestrogen treated birds to eat at a faster rate than controls. 
With 24 hours deprivation we would still expect the oestrogen treated group 
to be more deprived than controls, but with 24 hours deprivation the rate of 
feeding is approaching its maximum. We would not, therefore, expect the 
difference to be manifest in the results of the 24 hours trials.

The best that can be said from the results obtained is that these 
expectations were not contradicted. The data did indicate that differences 
were greater after 6 hours deprivation than after 24 hours deprivation, but 
it must be admitted that, with the small numbers used, our tests were not 
sensitive enough to allow definite pronouncements to be made.
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SUMMARY OF RESULTS AND CONCLUSIONS.
Results
Part II
1. There was a positive correlation "between a hen’s hourly food, intake 

and its hourly water intake on days during which no laying and no 
ovulation occurred.

2. Hens ate more food on days during which ovulation occurred than on 
days in which no ovulation or oviposition took place.

3. Hens drank more water on those days in which ovulation occurred than 
on days in which an egg was laid but no ovulation took place.

4. Food and water intakes of hens were depressed for 1-2 hours preceding 
oviposition .

5. Food and water intakes of hens were elevated for 1-2 hours following 
oviposition.

6. Hens did not ingest their daily food requirement in the form of discrete 
meals when kept in a Skinner Box.

Part III
1. Administration of oestrogen increased both the daily food intake and 

weight gain of female fowls.
2. Administration of testosterone had no detectable effect on either the 

food intake or weight gain of pullets.
3. The food intake of obese oestrogen treated pullets fell below the normal 

level of food intake on termination of oestrogen treatment.
Part IV
1. Certain types of investigatory behaviour were intensified when laying 

hens were deprived of food indicating that the hunger drive in fowls 
has an appetitive component.

2. Administration of Oestrogen produced a marked increase in the 
exploratory behaviour of ovariectomised pullets.

Part V
1. Oestrogen treated pullets ate more quinine adulterated diet than non

treated controls but only when tested at a time when oestrogen treated 
birds were eating more of a normal diet than controls.
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2. Obese oestrogen treated pullets lost more weight than controls when 
given a quinine adulterated diet.

Part VI
1. Oestrogen administration had no detectable effects on short term rate 

of food intake in pullets tested after 6 and 24 hours of food 
deprivation.

Conclusions,
Here we wish to say a final word about the effects which oestrogen 

produced on feeding behaviour and attempt to deduce the type of physiological 
mechanism which probably underlies these effects.

In part III we confirmed previous findings that oestrogen increased the 
food intake of fowls. In parts V and VI we tested the effect of oestrogen 
on other parameters of feeding motivation and the results were compatable 
with the idea that oestrogen exaggerated the food deprivation which was 
involved in these experiments. Let us call the results of a series of 
experiments testing different parameters of feeding motivation such as 
quinine tolerance and rate of feeding, a pattern of motivation and let us 
call the pattern of motivation produced by food deprivation a normal pattern 
of motivation. We can then say that oestrogen produced an increase in 
feeding motivation and that the pattern of motivation was apparently normal.

From our review of literature it seemed that agents which act on brain 
mechanisms to produce changes in food intake frequently produce abnormal 
patterns of motivation. Inhibition of the ’satiety centre’, for example, 
would cause increased food intake but reduced quinine tolerance in rats. If 
a treatment produced an abnormal pattern of motivation a direct central effect 
would, therefore, be indicated. Since oestrogen produces an apparently 
normal pattern of motivation, however, its site of action could be either 
central or peripheral.

The increased food intake caused by oestrogen treatment is apparently 
used mostly for fat synthesis. Another way of looking at the question of 
site of action is, therefore, to ask - is the increase in fat synthesis caused 
by increased food intake or is increased food intake caused by increased 
fat snythesis? There is one finding in the literature which seems to 
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indicate the latter. In fowls, oestrogen treatment increases the efficiency 
of energy conversion (Andrews & Bohren, 1947) an effect which is very unlikely 
if increased food intake is the primary effect of oestrogen. Therefore, 
in the absence of evidence to the contrary, the writer favours the theory 
that increased food intake is produced by metabolic changes which cause 
increased fat synthesis.
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