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PREIrACE

la hie study of the literature relevant to the physiology of
appetite* the author of this thesis has been impressed with the large
amount of work on the control of daily food intake* There are,
of course, details to be filled in end final decisions to be reached*
nevertheless, in the hands of experienced workers in this field,
knowledge has progressed a long way* The author has been equally
impressed with the fact that there is good evidence than an animal
Can to a large extent balance its diet if given the components
thereof separately* Here, it seems to him, the underlying physiology
has barely been touched upon* The reasons for this appear to be
twofold* In the first place, the study of the control of daily
food intake has, from the very outset, been in the hands of physiologists
end neurologists, whereas the study of differential, or specific,
appetite has been in the hands of experimental psychologists to a
large extent* The result of this is that these two facets of the
same subject have been approached with two entirely different points
of view by people with different scientific backgrounds* In the
second plsce, the measurements used in both lines of study have been
limited to the weighing and measuring of food and the weighing of
animals* The suitor®s observations of men and animals have led him
to the conclusion that there are wide variations in individual
patterns of eating* he knows one man, for example, who starts the
day at a*m* with rump steak and three fried eggs; this man is not
obese. tie knows other people who have the greatest difficulty in

eating anything before midday and then eat but little; these people



ar« not emaciated. He has noticed similar though leas marked
variations among farm animals.

Such thoughts and observations led him to consider a line of
approach to appetite in which the weighing and measuring of quantities
woulld be but secondary to the measuring of the temporal distribution
of feeding activity, for surely there must be a physiological
background to this. Although his main interest is in differential
appetite, he feels that this study should not be wholly divorced
from the control of daily food intake. With these ideas in mind he
initiated the development of the apparatus descriDed herein.

It will be seen, by those with the patience to read this thesis,
that the use of this apparatus is beset with difficulties and pitfalls
which must be tackled step by step. The author was fully aware of
this. He accepted the fact that the project on which he has
embarked must extend over a long period of years. It is not possible,
therefore, in a single thesis of this sort, to claim to have made
large additions to an already large fund of knowledge. Instead,
the author has described the thoughts which have led him into the
path he intends to follow. he has devoted a large part of this
thesis tc a description of the development and construction of the
apparatus he intends to use in measuring the temporal distribution
of feeding activity and has described the type of information which
this apparatus yields. Lastly, he has shown what lessons have been
learned about the design of future experiments and what further lines

of study appear, at this stage, to be profitable.



The author does not, therefore, claim to have solved major
problems* he does claim to have initiated an approach which he
hopes and believes will ultimately prove fruitful. This is implicit,
or even explicit, in the title of this work, An Approach to the

Physiology of Appetite.



INTRODUCTTION .

From time to time discussions appear in the scientific press
as to whether hunger and appetite are the same thing or whether one
can distinguish between the two (lvy 197°5)e While the writer
inclines to the view of Brobeck (1957) that hunger is an extreme
condition which is not normally concerned with regulation, as air
hunger is not normally concerned with the regulation of respiration,
he feels that the argument is fruitless end therefore has decided
to avoid the issue by referring to both as the regulation of food
intake. Borme breadth of mind is necessary, however, since,
especially in the older literature, the terms are frequently used
as synonyms, and the writer has decided to take the advice of
Mr. Pickwickj-

"'It"s best on these occasions to do what the mob do."
"But suppose there are two mobs?" suggested Mr. Snodgrass.

"Shout with the largest," replied Mr. tickwick." (Dickens 18.56).

While it would be indecorous to describe a body of learned

opinion as a "mob'", the principle of the thing is the same. Moreover,

the subjective components of the states cf hunger and appetite are

at least as nebulous as were the policies of the "Buffs" and the "Blues"

and it were better not to attempt the difficult task of describing

aither. The two terms will therefore be used somewhat indifferently,

governed by the usage of particular authors but the writer of this
thesis prefers to use the term "hunger"™ as representing merely a

more intense condition than the term "appetite".

The history of the study of appetite and hunger divides naturally
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Into three sections. To a certain extent these sections converge
and intermingle, but the course of development of knowledge of them
followed different paths which are easiest to describe separately.
First there was the primitive belief, urising no doubt in the days
when learned men felt real hunger, that hunger arose in the region

of the stomach. The writer is happy to say that, in spite of spending
a war in Europe, he has not experienced this sensation which is
described as an unpleasant one in the region of the epigastrium.

That the stomach is involved in this state is clear from a considerable
body of evidence, but further investigation showed that perhaps the
stomach per se was not the important factor, since it might well be
controlled from above. This debate led to the peripheral versus
central origin of hunger controversy. The second path was the path
of obesity. This, after one or two deviations, led to the present
concept of the hypothalamic control of food intake and leant such
support to the theory of the central control of food intake that the
peripheral theory might perhaps have been neglected. OFf interest
here is the meeting of physiology and psychology in the field of
drive and motivation. The third path has hovered on the borders

of psychology almost from the start. The facts that animals are
alive and that the diet necessary to keep an animal alive is far from
simple have led psychologists, nutritionists, and physiologists to
the conclusion that animals are able to select their own diets.

&perimental evidence supports such a conclusion to a large extent,
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ead it has become apparent that, in eating, an Bnirral not only
answers the question of, "How much?" but the more difficult one of,
"How much of what?".

This review of cur present knowledge of the regulation of
food intake will deal with the subject under these three heads.
THS KCLE OF THE STOMACH

Larsscn (195*0 undertook an informative review of the early
literature. eUnfortunately, little of that work ie available and
first hand comment ie therefore impossible. Haller (1776) and
Darwin (18C1l) postulated the peripheral origin of hunger. Although
Darwin®s view is somewhat at variance with subsequent evidence
supporting the rcl# of the storr.eeh in hunger, since he attributed
the eensttior to quiescence of the empty stomach, these two papers
seen to be the natural development of the not unexpected view that
since the sensation of hunger is felt in the epigastrium the stomach
must be invclved. Whet is more interesting is the large body of
Opinion that postulated a hunger centre in the brain sensitive to a
starvation state of the blood (Kagecdle 1826, Kilr.e-Edwards 1878, Foster
1891, Roux 1697). Here the absence of the literature is frustrating
in that one wonders on what evidence such surprisingly accurate
postulations were based. Neither Magendie nor houx was convinced
that there were no peripheral influences at work, but their opinion
seems to have been that these influences aroce in a somewhat diffuse

way and not specifically from the stomach. Cue would have thought



that the natter was clinched by Sherringtcn®s (190C) demonstration
that neither denervation nor removal of the stomach affects the
regulation of food intake. The writer has not been able to obtain
a copy of Sherrington®s paper, the importance of which seems to have
been overlooked. It seems, from information gleaned from a variety
of reviews, that Sherrington measured food intake over a longish
period and found it unchanged. He does not appear to have been
interested in’the sensation of hunger per se, in contrast to Cannon
and Waahbume (1912).

Cannon found that in his subject Washburn®, hunger pans coincided
with contractions of the stomach* His finding was fully confirmed
by Carlson (1912). Carlson®s subject, a hr. V., had accidentally
swallowed a corrosive liquid in his youth with the result that his
oesophagus had closed up completely* He fed himself by chewing his
food and then spitting it into a gastric fistula made for that purpose.
This singular state of affairs was important in that it was possible
for Carlson to insert a ballon into kr. V"s stomach without making
him swallow. It could not, therefore, be argued that the gastrio
contractions were induced by the act of swallowing. The inability
of Mr. V. to swallow led Carlson to another important finding. He
was able to leave the balloon in situ while kr. V. was chewing his
food, and found that the act of chewing Inhibited the gastric
contractions. He therefore postulated that gastric motility ia

to a certain extent controlled reflexly from the mouth.
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A significant feature of the work of Cannon and bashburne,
end Cariscn is that they did not claim to have made a contribution
to the understanding of the regulation of food intake. Cannon and
Keshburne claimed to have made a contribution to the understanding
of the sensation of hunger end Carlson to the physiology of the
stomach. There is thus no conflict between them and Sherrington
who seems to have claimed to have made a contribution to knowledge
of the regulation of food intake but to neither the sensation of
hunger nor the physiology of the stomach* This induces in one"s
mind s strong suspicion that the sensation of hunger is not necessarily
a factor in the normal, day to day, regulation of food intake.

nowever that may be, the fact remains that hypermotility of
the stomach appears in hunger states and the strong contractions
correlate with hunger pargs. It was natural to suspect that the
blood glucose level might be the factor determining the intensity
of gastric motility. This was investigated by Eulatao and Carlson
a92nM). They found that intravenous injections of glucose in unfed
dogs inhibited hunger contractions, while insulin injections increased
gastric motility and tonus, the effects correlating well with the
blood glucose level. The effects of the insulin injections could
be reversed by glucose.

It is a curious fact that such carefully performed end well
controlled experieients should have received only partial support

from subsequent workers. Kulinos (1S2? and 1933), Quigley (1929),



*ad Carlson and Quigley (1931) confirmed that insulin injections
increase gastric motility, while Short (1929) and McKay et al (19°0)
found that insulin injections increase food intake. On the ether
hand Long and Bischoff (1930) and freyburgh (1935) found that they
do not* There seems to be little doubt that insulin does increase
gastric motility, but more that it affects food intake. Indeed,
Freyburgh reported that in man the suggestion that an injection would
Increase appetite was as important as the injection itself. However,
as McKay et al* pointed out, much depends on the type of insulin
used, whether its action is of short duration or long* They found
a significant effect on food intake when they used prctamine-einc
insulin but not when they used ordinary insulin*

The question of glucose injections and gastric motility is
answered as clearly but in the reverse sense. Only Carlson and
Quigley (1931) have been able to confirm Eulatao and Carlson”s (192Q)
results* Mulinos (927) found injections of glucose ineffective in
«tilling an active stomach, while Mulinos (1933), Quigley and Hallaran
(932) and Scott et al. (1936; could find no correlation between
blood sugar levels and the occurrence of hunger contractions.
Jaaovits and Grossman (19%#, 1919 a, b) and Janowita et al. (1979)
ebowed that parenteral administration of glucose did not depress
eppetite either at the following meal or over longer periods, and

that intragastric administration of glucose was less effective in
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reducing food intake than edeinistretion by mouth. This latter
finding is reminiscent of Carlson®s (1912) finding with Kr. V. that
chewing inhibited gastric hunger contractions. The sum of the
evidence leads to the rather contradictory conclusion that low blood
sugar ia a stimulant to appetite and hunger contractions, while high
blood eugar does not lead to satiety.

Allied to the role of hunger contractions and blood sugar, is
the question as to the origin of hunger contractions. Are they a
local, autogenic phenomenon, or is there a neural mechanism ut work?

Kuch of the work oh gastric motility and its control had a
clinical bias, which is not surprising in view of the desire to gain
control of ulcerative conditions. Thus in 1520, Ivy reported that
in dogs with acute duodenal ulcers, gastric motility, particularly
gastric tone, is reduced by extrinsic denervation. ihjch of the

evidence quoted in support of the vagal origin cf gastric hunger

contractions is in fact not relevant thereto. For example, Robins
and Eoyd (1925) made only the following inference to the vagi, "In
cne animal the vagi nerves were sectioned nbcve the diaphragm. This

procedure did not affect in ruy wey the rhythmical activity of the
pouch and inhibition from the stomach was as easily obtained after
the operation as before." The touch referred to was a h"eidenhain
pouch. Again, Beroovitz (1925) is quoted in a similar context, but
hie paper was concerned purely with a denervsted Heidenhain pouch

which was compared with an innervated pouch only to show that the



effect of ergctoxin waa altered by the presence or absence of

extrinsic nerves. J.’trea et al. (1927) came to the conclusion

that "a decrease in the initial emptying time is the only pronounced
and constant result of double vagotomy.I" wvuigley et al. (192*0 were
&cre concerned with the humoral inhibition of gastric motility than
with vagal control. Finally, vji&ley 19*»2 made the following
statement, '"'The mechanism controlling the spontaneous initiation

and termination of hunger contractions is unknown. Vagotomy tends

to depress and splsnchnicotociy to augment this motility in a character-
istic manner. Nevertheless, hung:r contractions occurring in the
completely den.rvatec stomach arc stifikingly similar in the transplanted
gastric pouch and the moon stomach From which it was made. This
indicates the act of an unicentified humoral factor....*’

The tenth knell to the stomach as a peripheral sensing organ
seems to have been oounded by Grossman et al. (197) who found that
insulin augments foot intuka both in ncihmal doge and in dogs with
extrinsically denervated stomachs and suggested that insulin hypo-
glycuemia acts directly on the brain tc excite food taking behaviour;
and by Grossman and stein @9tfc) who found: '"The sensations of hunger
induced by insulin continue to occur after complete vagotomy in man.
These sensations include feelings of emptiness and weakness. In
those persons in whom epigastric pangs of distress associated with
individual gastric contractions are s part of the sensation complex

of hunger, vagotomy, by abolishing the ccr.tractions, eliminates this



particular kind cf sensation. The removal of this component of
the sensation complex of hunger is recogrised by the subject, but
it does not cause a significant change in the general affective
response to hunger.

"In most of the subjects, the gastric com}oner.t of hunger
sensations is absent or negligible both before and after vagotomy.

In these subjects, vagotomy caused no detectable charge in the hunger
response to insulin.

"Both gastric and extra-gastric stimuli contribute to hunger
sensations in man. In no_jt individuals, the extra-gastric components
predominate in the sensation complex of hunger. Elimination by
vagotomy of the gastric component of the hunger sensation complex
(hunger pangs) has no significant effect on the manifestation of
the extra-ga6tric component (feelings of weakness and emptiness
associated with the desire for food). Vagotomy abolishes the
gastric pangs by abolishing the gastric hunger contractions, not
by interru ting the sensory pathway."

It appears, then, that the whole controversy was sparked off
by the fact that both Cannon and Carlson found therselves subjects
who, quite by chance, were among the minority who experience hunger

pangs.

THE BOLE OF THE HYPCTilAL".>"US.
In 134C, Bohi* reported the ceac of an obese woman with some

genital dystrophy. It appears that she died under circumstance*

17



which permitted a. autopsy, nrd it was found that she had e tvrtour

in the region of the pituitary. In I¥XI, Frohlich reported several
cases of e similar nature end attributed the syndrome to a dysfunction
of the pituitary. The syndrome came to be variously called the
JjyShlich syndrome, the adiposogenital syndrome, and dystrophia ediposo-
genitslis. Its description and the fact tret FrShlich attributed

it to pituitary dysfunction led to a controversy which extended over

8 long period of years.

hrdheirr, in 1904, was the first to question Frohlich’ conclusion
88 to the cause cf the syndrome. He argued that since the hypophysis
was relatively undamaged in iome cases and no particuler type of
tumour wee responsible, and since the cne factor common to all cases
was eosvpreasion of the bsse of the brain, it was to this last common
factor that one suet look for the cause of the syndrome. He therefore
suggested that a neural lesion wee responsible.

P curicus feature of the controversy that followed was that no
one seems to hove thought of the possibility that the obesity
characteristic of the syndrome was the result cf excessive erting.

It is not clear from the literature whether or rot the concept of
energy balance hod arisen at that time. If it had, then in this
controversy the input side of the balance was entirely ignored and
attention was directed to the ute of energy. >3nee the hypothalamus
is the part cf the brain mo. t vulnerable to the tumours in frohlich"s

syndrome, it was natural that a ,reat deal of attention should have

18



19.

been devoted to possible hypothalamic control of metabolism,starting
vitta Karplue and Kroidl 1in 19C9. Interesting end profitable though
this off-choot of the controvrrs.. turned out to he, it ib not proposed
to fellow it here since it is irrelevant to the natter in hand.

The controversy therefore not rows down to two questions. If
the jituitary is remover! without osniage to the brain, v,-ill the
FrBhlich syndrome develop? Is it possible tc produce the FrBhlioh
syndrome by *ypothclamic lesions without damage to the pituitary?

As reported by Brobech et nl. \19*3)» Aschner, in 1912, produced
adiposity in dogs subjected to hypophyseal operations in which the
infundibulum was damaged. This paper is not available tc the writer
and comment is therefore not possible, but, in 1913? Camus and Kou&ey,
In investigating the role of the hypophysis in diabetes insipidus,
found that their dogs with ulroot complete hypophysestomy remained
in good health apurt from polyuria and polydipsia. In 1920 they
reviewed their own work. host. of it is concerned with diabetes
insipidus, but they found that in three dogs with almost complete
hypophysectcmy there was no genital atrophy; in two ether degs, on*
with partial hypophysectcmy and one with an intact pituitary, they
cauterized the surrounding region, which resulted in the first deg
in genital atrophy and obesity and in the second in genital atrophy
Alone. They concluded that both were attributable to brain damage
and that the genital atrophy port of the syndrome could he separated

from the obesity



More definite evidence came in the following year when Bailey
Breaker (1912 e, b) published two papers which are of great
importance in the physiology of water oalance but which contain the
following statement! “Lesion of cue tuber cinereai has produced in

two dogs a chachexia hypophyaeopriva with genital atrophy, and in

two other dogs an insiaeously developing adiposogenital dystrophy.

The integrity of the pituitary was in each case verified histologically*
The very close similarity in the wording of the two papers suggests

that they both concern the same experiments. This very clear
implication of the hypothalamus in obesity wet confirmed by Camus

end house.y in 192c.

The uecisive work was that of iinith who reported in 1927 and
again in 193GC. his careful contrast of the effects of hypophyseetomy
without brain damage with those of lesions of the tuber cinereum
without hypophyseal damage demonstrated beyond peradventure that the
Frohlich syndrome was hypothalamic in origin. In the interim between
these two papers, Grafe ana Grunthal produced similar eviaence (1929)-

Further confirmation of the involvement of the tuber cinereum
la obesity appeared from time to time from workers in the field of
diabetes insipidus, but two important questions remained unanswered!
what part of the tuber cinereum was involved, and wfaut effect were
each lesions producing that could lead co obesity? in 1931* Newburgh
emphasized the importance of overeating in the etiology of all forms

Of obesity, and in 1932 lulton et al* urew attention to the increased
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appetite which accompanies frontal lobe lesions. Keller et al.
(1933) came rather nearer to the matter in hand in reporting that
transient adiposity in dogs and cats with hypothalamic and pituitary
lesions is associated with enhanced appetite. It thus appears that
at that time, thought on the etiology of obesity was turning away
from metabolism towards overeating.

Although the idea that overeating was an important factor in
obesity was being mooted, there was, at this time, still a great
deal of work being done on the possible relationship between the
hypothalamus and m tabolism. It was in this psychological climate
that Hetherington, usually in collaboration with Hanson, embarked
on a thorough examination of hypothalamic obesity as it was now called.
In 1939 Hetherington and ianeon finally exonerated the pituitary
from any involvement in the syndrome. In 19C Hetherington and
Veil made a careful examination of the chemical composition of the
bodies of fat rats. They found a large increase in fat deposition
with a tendency to mineral depletion, especially calcium and they
Attributed these results to disordered metabolism. In the same year,
Hetherington and Hanson used Clark®"s adaptation of the Horsely-Clark
Stereotaxic instrument in placing lesions in the hypothalamus of
the rat. Their lesions were large and they could only indicate the
Approximate area where thoi,e effective in producing obesity must be
placed, but they took the opportunity of making a thorough examination

of the endocrine status of their animals. The only glands which



<bowed changes as compared with those of normal rate were the gonads
and their appendages. In 1992 they returned to the attack with
smaller lesions and produced important results. They found three
types of effective lesions, those involving the anterior two thirds
of the ventromedial hypothalamic nucleus, those involving the caudal
one third of the same nucleus and the premamnillary area, and those
involving an area dorsolateral to the roammillaries. Unilateral
lesions at all levels and midline lesions were ineffective, and the
fornix was exonerated.

Thereafter it was possible for other workers to place lesions
accurately. in the same year brooks and Lambert produced obesity
in the monkey by placing lesions in the ventromedial nucleus and
fiuch found that lesions in the posteroventral thalamus and rostral
essence”™halic tegmentum were effective in the same species.

Thus 1972 was a significant year* It ended with an outline
of an anatomical system starting in the ventromedial hypothalamic
nucleus and descending round the mammillaries to the mesencephalic
tegmentum* The integrity of this system was necessary for the
prevention of obesity.

It appeared that the answer had been provided as to what part
of the hypothalamus was involved. The question as to how it gave
rise to obesity was finally answered in 1573 by Brobeck et al.

They showed beyond doubt that hypothalamic obesity was cue not to a
disturbance of netabolism but to overeating, which they called

hyperphagia. lietherington and Sanson®s (Iv"2) descending pathway



BOW took on a new opening. The ventromedial nucleus became the
satiety centre which is iIn some way responsive to a stimulus state
that arises when an animal has had enough to eat. The downward

or caudally projecting pathway is an inhibitory one, acting, although
Brobeck et al. did not say so, on those motor centres in the medulla
which are res onsible for eating activity.

The work of Brobeck et al. (1973) was fully confirmed by Brooks
end Lambert (197) who added the interesting fact that even if
hyperphagia was prevented by limiting food intake, it none the less
returned when food was provided ad libitum. These authors described
the dynamic phase of obesity, the period of rapid weight gain, and
the static phase, the period during which obesity acquired in the
dynamic phase is maintained. lasting curing the static phase to
bring the rat"s weight down to that of the unoperated littermate
was Ffollowed by a renewed dynamic phase curing which the animal once
more became obese, possibly more obese than before* There is thus
no doubt that the effect of the lesions in the ventromedial hypothalamic
nucleus is permanent and not some passing disruption of a normal
cotaol mechanism* Even in pair fed animals, however, those that

were potentially obese showed a slight advantage in weight gain over

their controls. Brooks (19*6) attributed this to a slight decrease
in activity. However, a similar experiment performed by Tepperman
cl. (973) yielded a somewhat different result. here the control

ret was trained to eat its daily ration cf food in three hours, as
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wo6 the curetcm of the pair fed operated rate. The control rat

then developed a metabolic pattejn similar to the operated rat.

This led the authors to attribute the slight weight gaining advantage
of the operated, pair fed animals to a change in feeding habits.
Tepperman et al. did not measure activity and there is thus no evidence
that the trained control maintained its usual activity at night.

Xt must have made some sort of change in order to avoid committing
sayhem on the laws of thermodynamics*

It is therefore accepted that the state of obesity resulting
from lesions of the ventromedial hypothalamic nuclei is due in the
main* if not entirely, to a large increase in food intake without
any compensating increase in metabolic rate. This nucleus is called
the "satiety centre"™ which signals the fact that an animal has had
enough to eat, but a satiety centre alone is not enough. There
must be something on which It can act, a mechanism responsible for
the urge or willingness to eat*

Anand and brobeck (1951 a, b) found that lesions of the lateral
hypothalamic area at the same rostro-caudal level as the ventromedial
nucleus resulted in cessation of eating even to the point of
starvation. infective lesions, like those of the ventromedial
nucleus, had to be bilateral. lince lesions in this region in
previously operated, hyperphagic rats stopped the hyperphagia and
converted it into aphagia, it was concluded that the lateral hypothalamic
«rea 10 the basic centre and its act vity is modulated by the ventro-

medial nucleus. They obtained similar results in cats, and Anand
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ft al. (1955) obtained confirmation in monkeys and cats. The area
ff such lesions includes the lateral hypothalamic nucleus, the medial
forebrain bundle, and the direct amygdalo-hypothalasic fibres, but
Anand and Brcbeck were of the opinion that the decisive factor was
the nuclear lesion*

A considerable amount of work. (Korgane and Bosnian 1957. 1959 a. b.
150, and Bribram and Bagshaw 1953) Indicates that the amygdala are
involved in the regulation of food intake, but lesions in that region
alter the behaviour pattern in the direction of increased intake, so
that the result obtained by Anand and Brobeck is not likely to be
due to interruption of the amygdalo-hypothalaraic fibres. korgane
(1961 a) effectively showed that the medial 1"crebrain bundle is not
involved in the regulation of food intake* Thus the probability
that the effective lesion in the lateral hypothalamus is indeed one
Of the lateral hypothalamic nucleus almost amounts to & certainty.

In 1957. Morrison and Mayer noted that, while placing lesions
in the lateral hypothalamic nucleus, their full sham operated animals
(that is animals in which the electrode had been inserted as far as
the target but no current was passed) showed a brief period of aphagia
following the operation. Morgsne (1961 b), noting that the electrode
track passed through the lenticular fasciculus and realising that
thia tract is efferent to the globus pallidus, (kanson and Banson 1939).
AriSns-k&ppers <t al. 1936, Eard end kioch 1937, and Laruelle 193*0,

euspected that it was this damage to the lenticular fasciculus which
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caused the phenomenon observed by Morrison and Mayer. Ke
therefore placed lesions in the globi pallid and succeeded in
reproducing the aphagia usually obtained by lateral hypothalamic
lesions.

Support for the theory that coming events cast their shadows
before teir, is to be found in the paper published by Ingram, Barris
and Hanson in 1936 on the association between hypothalamic lesions
and catalepsy. They state, '"... During the first days and weeks
after operation the cats shewed no interest in food and required
feeding by tube. After the somnolent stage was passed they began
to indicate hunger by cries and apparent restlessness. However,
even though hungry they rarely ate if left to their own devices.

It was necessary to give milk by stomach tube or by introducing the
fluid into the mouth from a bottle. Meat was taken only when held
to the lips, and often only when forced into the mouth. Cnee the
food was in the mouth there seemed to be no difficulty! it was
masticated and swallowed readily and even voraciously. Thus there
was no true dysphagia, except possibly in one case (cat 5) in which
the meat was not swallowed even when placed in the mouth." In cat 5
the lesions were such that they coulo h.ve involved the lateral
hypothalamic area on both sides end the ventromedial hypothalamic
nucleus on one, though this is doubtful. They thus almost precated
by years the discovery by Morgana (1961 b) that there are two parts

of the lateral hypothalamic feeding area.
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There ie a far lateral part which gives absolute aphagia, and
« mid-lateral part, somewhat lateral to the columns fornicis descenders,
which giveE a temporary aphagia accompanied by lack of motivation or
drive. This Ffinding confirmed the previous obeervatione of Teitelbaum
and Stellar (1950 and Williams and Teitelbaum (1959) that there con
be recovery from aphagia resulting from lateral lesions. In an
extension of his studies, Morgan® (1961 c) produced good evidence
that the medial forebrain bundle, although not involved in the basic
feeding mechanism, is involved in hunger drive. While the physiology
of motivation and drive is not strictly germain tC this work, an
important fact arises. When Mcrgane placed lesions in the medial
forebrain tundle and then stimulated the far lateral ares, the animals
would still eat but locked drive. Thus while there is an efferent neural
pathway for the drive mechanism, there has teen no demonstration of
an efferent pathway for the basic mechanism.

In various stimulation experiments (Anand and Dua 1955, Andersson
19651* Delgado and Anand 1953, and larsecn 195*0, the latency between
the onset of stimulation and the feeding response in long. This
hae suggested to Delgado and Anand that transmission is humoral rather
then neural, however, the critical evidence of the extraction of a
ehenlcal factor which, on injection, will cause feeding is yet to come.
There is on interesting suggestion here, especiaixy in view of Glde
(1958), that there is a basic drive mechanism which is neural but

without direction, and a basic feeding mechanism which is humoral and



adds direction but doee not possess drive. Against this background,
the lack of drive in the hypothalamic hyper*hagic rat (Anlicker and
Mayer 1955* Anlicker <tud Meyer 1957* Kkiller 1957, Hiller et ai. 195k)
would seem to arise from lack of a cut off to the feeding mechanism,
which, of its very nature, will make an internal state of need
impossible end thus make drive impossible.

Thus lesions and stimulations fend to confirm that a feeding
centre exists in the lateral hypothalamic area, probably in the lateral
hypothalamic nucleus, and that this nucleus probably receives
activation at least in part from the globus pallidus. There appeal”s
to be, at present, no evidence of an efferent neural pathway from this
nucleus but a faint suggestion that it might obtain itb effects by
humoral means. At some convergence point, either at the hypothalamic
level or lower in the brain Ce..i, the activity of the ventromedial
nucleus inhibits the effects of the lateral hypothalamic area. The
evidence as to tho level at which this happens is not clear, although
Torseberg and Larason (95*0 found evidence of changes in metabolic
activity in the lateral hypothalamic nucleus in the hungry and fed
animal, and this in turn suggests that the action of the ventromedial
nucleus is a direct one on the lateral hypothalamic nucleus.

The fact that the existence of this feeding and satiety mechanism
*ay be said to have been proved raises the pertinent question in the
physiologist’s mind, "What are the stimuli which control iit7"

Nothing ia known about the eti- uli which activate the lateral feeding
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area, but there has been some debate about those which operate the
satiety mechanism. The elimination of the stomach as a peripheral
receptor giving rise to sensations of hunger and satiety, already
discussed, and the failure of Scott et al. (1938) to correlate periods
of hunger contractions with lowered blood sugar, led Broteck (1978)
to consider the control of appetite as a factor in temperature
regulation.” His position was strengthened by the previous work of
Booth and Strang (1938) which gave a strong suggestion that there

is a correlation between skin temperature and satiety as a high protein
meal progresses. Brobeck’e suggestion that animals eat to keep warm
bears a strong resemblance to Adolph®"s (1927) that animal6 eat for
calories, and is embodied in his thermostatic theory of the regulation
of food intake which is based on the inverse relationship between
environmental temperature and appetite.

Support for Brobeck®"s theory came from Stevenson and Kixon (1937)
who investigated the increase in activity shown by rats deprived of
food and water. IT the animals wexe immobilized, the deep body

It appears from these experiments that, falling
sufficient food to preserve the deep body temperature, the animals
resort to running. The biological value of this is incidental, but
none the less important, since such an increase in activity is likely
to take them from an area of dense population and low food to an
area of sparse population and more food, almost as if they were obeying

the laws of gaseous diffusion. Brobeck stated his thermostatic
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theory with great clarity in 1957./ following eating there is a
ylae in temperature, and this is greatest when the meal has a high
epacific dynamic action, such us a hzfkh protein diet. following
eating there is a slight rise in central body temperature and a
greater rise in skin temperature. The hypothalamus contains cells
that are responsive to an increase in central temperature. Granted
these premises, Brobeck suggeststhe following process of satiations-

1. Sensory input from the gnstro-intestinal tract

signals that eating is in progress.
2. With a few minutes the rate- of heat production rises.
J. 1"he consequent rise in body temperature might
act direct on the hypothalamus cx by vaso
dilatation through sxin receptors, or both.
T Activity other than rating is inhibited.
9. A critical temperature is reached at which
eating stops.
6. Within a few hours temperature tails and eating
once more becomes possible.

Be states that the specific dynamic action of the food is not
the only factor, but that it, together with body temperature, can
account for most phenomena. Indeed, in 196c¢c Brobeck had the
Opportunity of defending his theory against all comers. He made
one small change; mj actual variation in body ten.p-eratuie is not

Accessary proviced that there is a change in the balance of activity
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between tho.e hypothalamic mechanisms responsible for heat
conservation and production and those responsible for heat loss.
That there should be a linkage in the hypothalamus is reasonable
enough and the defence was lively and highly successful, but the
final proof is lacking. The fact that in 1961 Han and Erebeck
failed to reveal any abnormality in the temperature regulation of
hypothalamic hypcrphagic rats is not disproof of the theory. All
that is necessary for hyperphagin is a break in the linkage between
the temperature regulating mechanisms end the hunger-satiety mechanism.
In apparent conflict with Erobeck is the school of though
centred on Fayer. In 1931* f*ayer and Bates suggested that the
regulation of food intake was basically biochemical. This was
followed in 1952 by a paper by the same authoro describing how they
could alter food intake by manipulating the blood sugar within the
physiological range in normal animals. If, however, the homeostatic
mechanism was disrupted by hypcphysectomy and alloxan treatment, then
the effects of induced hyperglycaeraie were much more marked. This
led them to suggest that there is a glucoststic mechanism of the
regulation of food intake. Kayer=a argument (9537 was that since
the fat and protein contents of the body have high inertia, they
cannot be involved in the hour to hour regulation of food intake.
On the other hand, the glucose content of the body is limited and
labile and is the most likely v<triable to be controlling intake.

The difficulty which this theory faced was the large appetite in the



dietetic with o high blood eugor. This prcblea was approached by
van ltalic et ul. (1555) who took samples of finger aiid venous blood
in can and found a close correlation between the hunger state and
what they called the arterio-venous blood sugar difference, or delta
glucose. The fact thut it was capillary rather than arterial blood
that they used does not sffact the validity of their
the difference is large, the appetite is snail and vice versa. In
the diabetic, where the threshold for entry of glucose into cells
is high, the venous level eppracimatea to the arterial level and gives
a high reading of venous blood sugar level when utilization is low
and appetite large. It is only when the arterial level bcoaes very
Hiucb higher than usual that the entry threshold is exceeded and the
glucose becomes available with s decrease in appetite.

>e b.& take it as proven that appetite is inversely proportional
to the arterio-venous bleed sugar difference, but for the glucostatic-
mechanisin to be accepted, it is necessary to show that the ventromedial
hypothalamic nucleus is sensitive to this cifference. Erecher and
Waxier (199) and Anderson (1953) described the development of obesity
in cice after the injection of the of goldthioglucose. This
obesity has been shown to be essentially similar to chat resulting
from hypothalamic lesions (fregly, Marshall and Kayer 1957* holifield
et al. 191)5* harsson and ftrom 155, *ershall and Mayer 195%* and
Mayer and Zighera 195%*)* ..urshall et si. (1955) found that the

hypothalamic damage resulting from the administration of goluthioglucoee



s confined to the ventral part and was most extensive in the
Infundibular region. Marshall and Mayer (19S6) demonstrated that
the gold radical was toxic and the glucose radical was necessary for
entry into cells. They therefore suggested that the glucose uptake
of the ventromedial nucleus, or at least that general area of the
hypothalamus, is high and it might thus act as a gluco-receptor.
honvever, owen et al. (1953> described lesions outside the hypothalamus
no a result of the action of the drug, and Larsaon (1959) reported
increased inactivation of insulin by the livers of goldthioglucose
obese mice, suggesting, if not damage, at least altered cellular
activity.

Since Mayer®s theory depends upon the proof that the ventromedial
hypothalamic nucleus is a gluco-receptor, it must be regarded as not
proven. In any case, the theory meets with one major snag; it
cannot account for the high satiety value of protein. The writer
finds himself doubting if there is any res! conflict between Mayer
and Brobeck, since, if the arterio-venous glucose difference is high,
Cellular metabolism and therefore heat production will also be high
ehd an animal might then well find itself in a thermal crisis which
eill, according to Brobeck, prevent its eating. Although the final
P?00F as to what is the stimulus to the ventromedial hypothalamic
aucleus is yet to cor.c, it appears that the thermostatic theory of
Brobeck meets with fewer objections than does the glucostatic theory

Of mayer, and that a combination of the two meets with no objections

-t all.

>3.



In his discussion of the etiology of obesity, tfayer (1955)
referred to the possibility of a lipoetatic regulation of food intake*
The existence of this possibility is clear from the behaviour of
hypothalamic obese animals which reach a certain degree of obesity
end then return to normal food intake* It is tempting to pustulate
that the fat depots ere exerting some sort of influence on the
hypothalamus and that the threshold of response to this influence
ie raised by lesions of the ventromedial nucleus. There is at
present r.o evidence as to what the nature of this influence might
be, but, because of the inertia of the fat depots, such a regulation

»uet be a long term one*

HOW MUCH OF WHAT? OK DIFFERENTIAL APPhTITE.

It is a feet that the voriou- species of animals, including man,
hate not only survived over a long period of years, but have indeed
thrived without any knowledge of their own nutritional requirements.
It is legitimate to ask if this survival is purely a matter of chance
or whether there lies behind it some regulating mechanism which guides
«a animal to the food it needs and thus makes homeostasis possible.
*h« First indication that the matter is not purely a question of
chance csrrc in a paper by Cefcome and frendel in 191& (a paper which
is rot available to the writer). They gave rats the choice of a
balanced end nn unbalanced diet end found a distinct preference for
the balanced one.

Although this appears to have been the first controlled

experiment, there have been from time to tir,e numerous reports.



35.

often in obscure journals* of the tendency of various sorts of
livestock to select their diets (inward 1915. 1922, sward et al.
1927, Ciodden 1926, Kevins 1927, Crr 1929. Price 1929). It was
clear that here was a case to investigate in controlled experiments
more detailed than those of Csborne and Mendel.
Acpetlte for minerals.

salt.

In 1936, Richter gave adrenalectomized rats the choice of
water cr lit saline, and in another group the choice of water and
3% saline. The control rats preferred water to saline, while the
operated ones showed a strong preference for saline and ingested
sufficient to keep themselves alive for considerable periods.
Further, if normal rats were given a salt-free diet, but access to
salt solution, the amount of salt they ingested each day was
approximately that provided in the standard McCollum diet (0.577 grain/
Kg body weight as opposed to 0.659 Tor the McCollum diet). Richter
and Eckert (1936) repeated the experiment, giving the adrenalectomized
rats the choice of a variety of sodium salts and a variety of chlorides.
It was apparent that the increased appetite was for sodium rather
than for chloride. Pregnant rats also showed an increased appetite
for sodium chloride (Richter and Barelare 1936, Barelare and Richter
1938). The increased salt appetite of adrenalectomized rats is
reversed by administration of desoxycorticosterone acetate (Richter
1971), a finding that was confirmed by Clark and Clausen (193).

Although Ecott (1975) and Scott et al. (19*8) disagreed with Richter



on iMuxj points, they were at one wiuh Lit in holding tout salt
Hi petite jo dictated by need ana it incx-etsed in progsancy.
ec any therefore take it that an appetite ior salt which varies
vich the animallu needs is firmly establishede indeed* the existence
of bf.ch an appetite in man in established by the cane reported by
rilkins and kichter (") and in strongly suggested by Davis (1939) -
Cklcim; ..
In three studies of the c.fect of pirathyi“oiufcctomy on appetite,

Richter end sekert (1*26, 1937* 1939%<- fount «n increased appetite for

amounts cf colclua. lactate eaten core sufficient not only to keep

the trio;tic olive but evun to reverse the symptoms of parathyroid
deficiency* iachter ana Inzeisrc (1333/ found the expected changes

in appetite curing pregnancy ana i&ctuticn* an increase in appetite

for calcium curing pregnancy, a further increase during lactation,

and a return to normal at weania&* fnexe scorns to be no ether evidence
in support of these findings or an opposition to them.

It is thus established that in so far as two of the major cations
err concerned, appetite is adjusted to supply the needs of the moment,
that, as kichter would have liked to put it, the organism, acting
-3 a whole, tenaves iIn sues a way as to support its homeostatic
...ecucnlsms=  rh”rc is an I/ >tiau 't tnia sl&o appliou to

p-ACwpSatu triagie not perhaps wc coicriuc* *hlo latter deficiency



should not cause surprise, even if it is confirmed, since sodium
cou.aioniy occurs in the form of cnloride and in correcting a sodium
deficiency, an animal would automatically correct a chloride
deficiency and the processes of natural selection would not operate
In favour of an animal which had a mechanism for correcting its
chloride balance by adjusting intake* ouch an adjustment of sodium
intake is clearly necessary for survival of terrestial animals which
are subjected to continuous aim varying losses* it Is true that
such losses are to a large extent controlled by the kidney, but the
kidney can only act in the direction of conservation; it can never
make good a deficiency* in this sense, thirst car. be regarded as

a special appetite for a mineral which results in the search for and
ingestion of water in support of the conserving activities of the kidney*

Other uiet&ry constituents, however, have nothing analagous to
the kidney to act as a conservation organ, with the result that the
maintenance of a proper balance between the organic constituents
of the body must rest heavily on adjustments of intake*

Appetite for organic diet&ry constituents.

It woi> implicit in osborne and mendei"c (I"ylb) original paper
that such appetites muse exist, since it appears that the difference
between the two diets offered to the rats lay in more than mineral
imbalance. ihe definitive experiment to test this deduction was
performed by kichter, hoit ana bareisre in 1>37* The choice offered
to their rats consisted of purified casein, olive oil, dextrose,

sodium chloride, calcium lactate, dry yeast, and cod liver oil*



"he rate of growth of anlciela given this choice was better than

that of the controls or. the standard hcbollua, diet end oestrus. cycles
and activity were nomal. "iwo typrc cf uiet *ere selected. Some
rats i referred & high fat diet and other a high cerfcokycrate, tut

the t.;o groups showed no differences in cycles, activity, or growth.
*i thdrew&i cf coo liver oil led to a definite cod liver oil appetite
when it was r?placed, from which bjULter, Holt and LaxGlare concluded
that there wes tma appetite for vita, in A which war cc.recting a
deficiency. When yeast was withdrawn, there was a definite appetite
for it when it was replaced, again suggesting the correction cl a
viltuE-ir deficiency.

The selection offered showed certain deficiencies, and these
were corrected ir another e.i>eri«. .ent, the results ol which were
reported ir 19J0 by the same authors. in the 193? experiments,
the rata effo/tr at breeding were net very successful, which war
attributed to the lxc.-, of Vitamin a. Ibis was corrected by the
addition cf wheat germ oil as a separate choice. cediaa phosphate
and potassium- chloride were also provided. breeding was now
successful and, although growth was us rapid as on the icCollua diet,
the intake of total calories and total solids was leas. Thus the
ability of rats to select their diets from purified ingredients 3eemed
to le established and in 1939 the final report of C.h. lavie on
exy eriaenta with cbilcren indicated that ouen an ability is shared

by man.



This report is a happy combination of fascinetion and interest*
It ia true that the experiment differed free, those of Kichter, Holt
end Etrolare not only in the choice cf ani,.al, but else ir. the fact
that the infants had the choice cf natural foods rather than
purified ingredients* The children were weanlings and were
therefore unprejudiced by parental conditioning* The food® offered
to then were unfixed and in the .r.an uncooked, and their attendants
served simply to assist then and not to guide. That the children
throve on the diet goes without saying, since one oust presume that
the ©Oxperimwnt would have been abandoned were this not so. The
interest lies in certain special responses. There was, for instance,
the pause in eating In order to ingest salt which appeared to be
taken as a duty rather than a pleasure* "There was the child with
rickets who voluntarily took cod liver oil until euxfc time as the
condition was healed. Fir?al ly, there i.ere the changes in diet
associated with infection, the changes in food intake coming hours
before there was any overt sitr. of a change in the clinical condition
of the children.

m@G> two are in marked contrast to that published by
Ten in I'J0. in which he found that ruts one week after weaning were
Wieble to select an dieuate diet an the free ..election basis. They
selected a very low protein riot and .vade poor growth, having a high
calorie intake per grow of weight gain* The carbohydrate provided

w...s ilicHotu, find the lonestion arose iIn “cn*a .cind as to whether the



young rate became addicted to sueetness, an indeed many animals do*
he therefore cnengea nis carbonyurate to rice at.arch after the
experiment had been in progress lor xorty-nine days. This had no
effect on che protern intake* cut two ox the rate died shortly after
the change, one ircir peritonitis and one lrom undisclosed causes,
so that the tinai period from forty-nine to sixty-nine days was a
measure of the performance of two rata only. it would have been
more satisfactory to repeat the whole experiment using a dillerent
carDohydiate. lhe fact resains, however, that these rata failed
to select sufxicient protein to maintain a reasonable rate of growth,
son®"s protein was caseinogenl prepared in his laboratory, whereas
kichter®s protein was casein which he describes as purified. There
sight ©? something in this difference which led the rats to avoid
protein unless the drive to eat it was higher than usual. however,
the results ox this experiment gain significance because they axe
supported by later work.

bcott Qy*tb) and bcott ana vednt Q946 b) founu that 93 out of
fao weanling rats ate protein, ana thought that the taste for protein
night ce quite capricious. this did net appear to be cue to a
dislike oi casein per se, since roughly the same proportion of animals
refused to eat protein if the one provided was casein, iactsibu/nen
or Tibrin. ihe only aversion, which appeals to have been general,

was for egg albumen. Indeed, they could lind no eviaencc of an

appetite for protein



bcott ana Verney U>77) founu tne appetite for carbohydrate
was independent ol that for pfocein out inversely propofticnal to
that for fat, an if the animals satisfied their energy requirements
from fat or carbonyurate ana tiien toon protein as a sort of supplement.
However, ocott et al. (I™td; found some indication ol on increase in
protein appetite with age* out of jI rats *11 days old, only 9
selected protein in their ale.to, but after the age of six weeks, 0Q
per cent selected protein. varkentin et ai. also found an
increase in protein appetite with age but aid not find an inability
to select enough in the very youn™ rat* it appears, then, that the
very young rats might be unable to muse reliable selections, and this
is one important difference between the experiments of ocott iljlib)
and non (193ii on the one hand and tnose of hichter, holt and asreiare
11937. 193b-" on the other; Richter aid not use very young rats. The
curious result arises that the xeiativeiy unprotected weanling rat
cannot select its own diet while the far more protected human infant
can, but there is a difference between purifies ingredients and
natural foods. ihe question of flavour comes into it. bcott and
quint tl99b b; investigated tnis by aaaing flavours to the feeds arid

found the rats indifferent to the auditions. ikis, nowever, cannot

ki

be taken as conclusive evidence. iHui is quite capable of distinguishing

mdivioual instruments in an eucncstra} night not other animals with
a more highly developeu sense oi smell bo able to distinguish

particular ouours in an orchestra oi smeilV -e do not know, and



at the moment there seems little chance of finding out. e can
only conclude that on present evidence the existence of an appetite
for protein is doubtful.

hot so with carbohydrate and fat. The inverse relationship
between fat and carbohydrate appetites described by Scott and Verney
(1977) is underlined by Kichter and Schmidt (1971) who found an
increased appetite for fat and a decreased appetite for carbohydrate
in pancreatectomised rata. Cn the standard hcCollum diet, these
rats showed polydipsia (presumably the result of polyuria) increased
appetite, and hyperglycaemia, these '"'diabetic" symptoms being largely
removed or ameliorated on the self selection diet. One wonders
what would have happened to these animals had they been kept for a
longer period after operation (they were kept for days) since they
must inevitably have become ketotic. It is quite possible, of course,
that the pancreatectomy was not complete, since the rat has a very
diffuse pancreas which is difficult to remove in toto. There might,
therefore, have been sufficient intermediaries from carbohydrate
metabolism to make the proper use of f&ts possible. That the change
in the selected diet was indeed associated with the insulin deficiency
was demonstrated by Kichter (1972) when he increase the dextrose
intake of rate by giving insulin injections. Other experiments on
the effects of endocrine function were performed by War! entin et al.
(1973) who altered the thyroid status of ruts. Here there were no

differential effects on dietary constituents, but merely a general



increase or aecrease in all of them.

Since it is clear from Kichter and Schmidt (9%1) sad Kichter
(19*t2) that the m tabolic consequences of insulin deficiency or
excess have an effect on the carbohydrate and fat appetites, it is
pertinent to ask whether other means of altering metabolism can have
their appropriate effects. It haet been known for a long time that
a deficiency of vitamin B will depress appetite (Karr 1920, Cowgill
1921), but when detailed investigations were made by kichter et al.
(1938), Kichter and Earelare (1939) and Kichter and hawkes (19**1) it
became apparent that the effect of the deficiency was to depress
appetites for protein and carbohydrate specifically, so that the bulk
of the calorie intake was in the form of fat. It seems therefore,
that the accumulation or possibly deficiency of intermediate metabolite
must act as a stimulus to some unknown part of the central nervous
system and alter the affective response to the taste or smell of the
basic foodstuffs. The aversion which Kichter’a animals developed
for protein is interesting. IT there is no protein appetite, the
protein appetite cannot be reduced, or so it would seem, and yet this
eversion developed. The suspicion must therefore be aroused that
there is in fact a protein appetite but that in certain circumstances,
not immediately apparent, it cannot bo detected.

fe can conclude at this stage that apvpetites for carbohydrate
and fat exist and that there is a disctinct possibility that a protein

appetite also exists These appetites change with changes in



metabolic patterns. In the case cl a disturbed metabolic pattern
due to a deficiency or excess ol" insulin, the changed appetite will
prolong the animal"s life but will not cure the condition. vihen
the disturbed pattern is caused by a vitamin B deficiency, however,
this prolongation of the animal®s life might well have survival value
since it will give an opportunity for the correction of the deficiency.
For the survival mechanism to be effective, that rat®"s behaviour must
be such that its chance of acquiring the missing vitamin is enhanced.
In 1937t Kichter, holt and Barelare demonstrated not only an increased
appetite for the B vitamins but a craving for them in rate suffering
from a deficiency. This craving was so startling that it is worth
quoting from the paper.
"(Vitamin B deficient; rats show an overwhelming appetite for

vitamin B in pure crystaline form, either or riboflavin. Vitamin

was given in the form of an aqueous solution of thiamine chloride
in graduated, inverted bottles. C&e vitamin deficient rat drank 11 cc.
or 5,500 international units in less than half an hour; another rat
drank 29 cc or 17,500 international units in 2k hours. The odour
of the vitamin as well as its taste arouses great interest. This
is shown by the fact that the rats found the bottles at once, even
when as many as 12 other containers filled with different foods or
solutions were present in the cage at the same time. It was difficult
to stop the animals from drinking the substance, once they had tasted

It. efforts to remove the bottle were met with fierce resistance.



The bottle was held tightly with both paws and even with the teeth.
By reaching far up into the bottles the rata cede every effort to
obtain every regaining drop of the vitamin. Riboflavin . C.05%
solution elicited a similar though less marked craving. Due to

the si:all available amount of the vitamin preparations, it was not
determined how long the craving might remain evident.”

Richter and Hawkes (19*+1) showed that such rats had a strong
appetite for nicotinic acid as well as for thiamine and riboflavin.
Their work was substantially confirmed by Scott and Quint (1976 c©)
who found that deficient rats developed appetites for thiamine,
riboflavin, and pyridoxine, but not, rather surprisingly, for
pantothenic acid. Indeed, Richter and Rice (95> found that
deficient rats would eat up to 3 to 5 grams of the faeces collected
from normal adult rats and could thus supply themselves with the
needed vitamins.

There is thus clear evidence that there are separate appetites
for different dietary components, sodium, calcium,phosphate, carbohydrate,
fat, possibly protein, thiamine, riboflavin, nicotinic acid, and
pyridoxine. There might, indeed, be others. It is apparent that
the appetites for these dietary components are related to metabolic
need, but it is not apparent how this regulatory mechanise: works, nor
what the mechanism is. Young (1971) has it that there is no general
hunger except in the sense that there is a sum of individual hungers.

Neither Brobeck nor Kayer would agree, and their evidence indicates



that there is in fact a general hunger* The fact remains, however,
that there are these specific hungers, and whether they sum to form
total hunger, or whether they are modulators of a general hunger state
is not determined. Brobeck et al« (19"3) found that rats with
hypothalamic hyperphagia selected the same diets as controls, which
suggests strongly that the ventromedial hypothalamic nucleus, although
concerned with general satiety, is not concerned with differential
appetites.

Richter (1939 a) and Richter and KacLean (1939) found lowered
salt taste thresholds in adrenalectomized rata. This suggested to
Richter (1929 b) that taste is an important factor in guiding an
animal in its choices, and be showed that de-afierenting the taste
buds rendered adrenalectomised rats Incapable of making the choice
between salt and water. That this is a central mechanism rather
than a change in the thresholds of the buds themselves was demonstrated
by Ffaffman and Bare (1930) by single fibre recording in the corda
tympani .

Little or nothing is known about this central mechanism which
enables an animal to select a suitable diet and it was in the hope

of throwing some light on it that the present work was undertaken.
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It is clear that the carbohydrate an<y protein appetites are
dependent on the vitamin B complex* It is further clear that, since
fat and carbohydrate appetites vary inversely, there ia a further
interdependence here. Thus the appetites for the three main dietary
constituents are dependent on vitamin £ and to a certain extent on
each other. We are, on other words, dealing with a set of inter-
dependent variables,

A certain number of hours after a meal, an animal®s thermal
balance or arterio-venous blood sugar difference will change in such
a way as to induce in it the urge to eat. IT the dietary components
are offered separately, what happens? It may be that the animal”s
affective response to all fooas is much the Bame, although there is
no evidence of this. Let us assume, however, for the sake of

explanation, that this is so, and that the animal®s first choice

of food is made purely at random* It eats one food and then stops*
Why? It must be the result of some stimulus state arising from the
ingestion of that particular food* Is it a by product of digestion

and absorbtion or is it the accumulation of a metabolic intermediate?
Here the time sequence is important* If the period of this eating
is short, then a metabolic change is unlikely and one must look to
digestion end absorbtion for the stimulus. If the period is long,
then a metabolic intermediate becomes a possibility.

The stimulus state might be specific or non-specific. In

other words, the animal might feel sated end stop eating altogether,



in which case the first action of the stimulus state will be non-
specific. The state of satiety would then wear off. When the
state of appetite returns and the animal returns to eat, it might
sample the same food or simply sniff at it and find that the smell
is no longer attractive, or go immediately to another food and eat
there, or undertake a process of sampling and experiment* The
behaviour of the animal in changing from one food to another should
give an Inkling as to the effect and perhaps the general nature of
the stimulus state generated by ingesting the first food.

IT the stimulus state is specific, the animal might become
sated with that particular food but not become fully sated. It
might go straight to another food* If an animal eats food A, will
the stimulus state arising therefrom lead the animal to eat food 3,
and will the new stimulus state lead to food C? Finally, will eating
C lead to an appetite for food A? The process might, in fact, be
cyclical. There might, on the other hand be some sort of error
control which will lead to an oscillatory sort of behaviour*

The writer®s first aim is to find out, not how much of any food
the animal eats in 2¥ hours, although food consumptions will of course
be measure”, but how the eating is distributed te«?porally over the
period. What, in fact, is the pattern of feeding behaviour exhibited
by an animal offered the different ingredients of its diet separately*
Should there be no pattern, should the selection be purely random,
this too will be important since it will mean that the selection of

diet is in no way dictated by need and that our concept of the animal®s



behaviour supporting ite homeostatic mechanisms will go by the board*

Assumingi which is most likely, that some sort of pattern is
determined, it follows that some brain mechanism or mechanisms must
be imposing that pattern* The second stage of the project will
consist of an effort to uncover those mechanisms by lesions which
will disrup the pattern of behaviour.

The third stage will be the attempt to identify the metabolic
intermediates or digestive and abscrtive factors that act as stimuli
to the mechanisms determined in the second stage.

The experimental work described herein presents the first run
of the apparatus and an attempt tc learn from the behaviour of six
rats given a complete mexed diet how future experiments of a more

definitive sort should be designed*



DEf£olG» OF THE AtP ARH ns.

Tim TFOTCTYfs

The project demands a detailed record of a rat"6 feeding activity
when given the opportunity of feeding at any one of several troughs*
This alone makes the standard method oi operant conditioning impossible,
since it would involve teaching the animal what type of food would
be obtained by which manoeuvre, and the learning factor would become
enormous* further, the successful recording of feeding behaviour
of the type required necessitates recording responses to very subtle
changes in the drive level* This means that the rat would be
required to do no more than put its head in the trough to get food*
The aim in constructing the apparatus was to record these insertions
of the rat"s head without any active participation on the animal®s part*

Three methods were considered: a mechanical switching device
which would operate an electrical circuit, a capacitance mechanism in
which the animal®s capacitance was used to change the frequency of
output of an oscillator, and a photo-electric sensor*

With the mechanical switching device, the lever or plate to be
moved would have to be extremely light in operation and this would
in turn entail fine machining of hinges and pivots. buch moving
parts would have to be in or very near to the troughs with the result
that fine food particles, such as rats distribute about their troughs,
woulld inevitably find their way into the bearings and be the cause

of repeated and troublesome breakdowns*
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Many circuits ore available for triggering a variety of
mechanisms by altering the output of an oscillator on the approach
of an animal”s body. Such a mechanism is, in fact, a proximity
switch, and as such will be apt to give false readings since it
cannot differentiate between the rot inserting its head into a trough
or just bringing its head near the trough. There is also the further
difficulty that the rat"s propensity for gnawing extraneous objects
might very well lead to damage to the sensing device.

For this reason, more serious consideration was given to the
photo-electric mechanism. When dealing with a small animal such
as a rat, everything has tc be snail in prox>ortion. All leads and
other easily damaged parts must be protected by metal shielding to
prevent gnawing, of vital parts. These considerations imposed the
use of a small electric bulb as a light source. mjcperiment showed
that a six volt dial light bulb would fit neatly into a half inch
brass tube 08 gauge) if the inside woe turned out until the wall
was 1/52 inch thick. A hole 1/8 inch in diameter drilled in the
side of the tube, with the bulb adjusted so that the filament was
opposite the hole, permitted the emission of a beam of light which,
a two inches, had acquired a diameter of one and a half inches.
Thus the light intensity was somewhat low and necessitated a sensitive
sensor to detect the cutting of such a beam.

Further limitations were imposed on the design. hech rat was
to be given the choice of fat, carbohydrate, protein, fat soluble

vitamins, water soluble vitamins, minerals, and water, necessitating



a minimum of seven troughs, at eighth being added for any other food
constituent which tight have to be ofiered separately. Thus, for

one rat, a recorder having eight independent channels would have to
be provided. When the apparatus was completed and the experiments

proper began, it would obviously be useless to monitor the behaviour

of one rat at a time. Six rats in one experiment would form the
minimum number which would give reliable results. Ultimately, then,
U8 units would have to be constructed. This meant that all units

would have to be simple so that expenses would be low, and compact
so that the apparatus would not become ridiculously large. It was
decided therefore that the electronic circuits should be based on
transistors rather than valves.

In considering the type of sensor to be used, selenium cells
were eliminated without trial. The light source was dim, and, in
order to have a trough of reasonable size, the minimus length of beam
was two inches (the diameter of one trough). In order to obtain a
reasonable response from the cell, the whole of the spread beam at
that distance, one and a half inches diameter, would have to be used.
This alone vtould introduce constructional difficulties and would
result in a hole one and a half inches in diameter through which a
rat would most certainly interfere with the selenium cell. with a
wide effective beam, there was the danger of partial occlusion with

a graded response from the cell, whereas a clean on/off response was

required. Lastly, there was the probable expense of 48selenium cells.



The small aeon tube was attractive both in size and price, but
the type of illumination to be used did not produce sufficient
ionization to have a significant effect on the threshold. Thus
tile decision to use a transistor as the sensor was reached by a
process of elimination.

In the prototype, OC 71 transistors with the paint removed were
u&ed. Their advantage immediately became apparent. The sensitive
part of the transistor, the emitter-base junction, could be positioned
behind a 1/8 inch hole "looking at"™ the 1/8 inch hole in the tube
carrying the bulb. Thus the effective width of beam became small

and a clean cut off of the light was possible.

The electronic unit.

Since the rat spends little of its time eating, it van decided
that the recording apparatus should be off when the light beam across
the trough was not interrupted and should only come on when the beam
was cut by the ret putting its head into the trough. The circuit
devised for this purpose by Mr. W. V. McBride, Electronics Technician

in the Tepartment of Physiology is illustrated in Figure 1.
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Figure 1. Diagrams of photo-electric, amplifier, and power supply circuits.

R1 1,800 ohms.
R2 6,700 ohms.
R3 200 ohms.
S Stylus.

C 1,000 micro farads.
T1l OC 71 photo transistor.
T2 OC 71 transistor.
T3 OC 26 transistor.

Figure 1.
(From de Caire 1961)
In order to explain the working of this circuit the following
symbols will be used.
V voltage difference
I current
a the positive rail
b the base of the transistor
c the collector of the transistor
d the negative rail
e the emitter of th? transistor
1, 2, 3» Transistors 1, 2 and 3
Thus Ve2b2 is the volts e difference between emitter and base

of transistor 2, while 1b2 is the current flowing in the base of



transistor 2

The resistor 32 is merely a current limiter end plays no active
part in the operation of the circuit.

"_.hen the transistor T1 is illuminates, its resistance it
relatively low and the voltage drop across it relatively small,
hut the total voltage drop across the circuit 31, 11, 32, is always
equal tc the supply voltage, therefore the voltage drop across 21
is relatively high. Conversely, when the light is interrupted,

the resistance of Tl is relatively high and the voltage drop across

21 is relatively small. Thus:-
light on Light off
Vael -0.2vVv -C.1v

But since the base of T2 is tied to the emitter of Tl and the
emitter of T2 to the positive rail, Vael is in fact the same as Ve2b2.
This means that when the light is on, the base current of T2 is high
and when the light is off it is low*

Light on Light off
1b2 -200 Jj A -10 Ji A

Consequently, when the light is on, the resistance of 12 is low
and the voltage drop across it is singll, while when the light is off
its resistance is high as is the voltage drop. In both cases, the
residual voltage drop is across J.

Light on Light off
Ve2c?2 -L.ifpv -2.5V

One cannot soy that Ve2c2 is the same as Ve3b3 because of the



pretence of tho recorder (s) in e.ries kith e3, tut Ve2c2 does in

fact control the base current of T3 and results in e phase reversal*

Light on Light off
1b3 -5mA -10mA
Vb3«3 -C."N3V -0.3V

This, of course, alters the resistance of T3 and the current

flow through £ and T3*

Light on Light off
1*3 0. A Q.kA
Vc3e3 -3.7V -2.3V

Thus, vith the light off, the current flowing through the
recorder is doubled. It is true that a change of C.2A is not large,
but in the prototype, when the recorder consisted of a heatea stylus,
it was sufficient to cake the difference between a hot stilus and
a cold one.
The power supply for each unit of eight channels was by transformer
and bridge rectifier with a smoothing condenser. The L.C. voltage
was theoretically 6, but actually swung between 3 and 6 with changes
in the mains voltage. There was considerable ripple, despite the

condenser, but this seemed to be quite harmless.

The recording system.
The element wire used as a recorder was shaped into a small
hairpin and mounted on the end of e spring loaded arm which wrote on

a single channel electrocardiograph paper. It thus acted as a hot



stylus on heat sensitive paper, writing under low pressure. The
actual heat of the stylus was not measured, but it was well below
red heat. Since recording was done on a very slow moving paper
(C.13 rro/second) neither great heat nor great pressure was needed.
With this paper speed, half Millimeter represented a time lapse of
approximately four seconds, which was adequate for the type of work
to be undertaken.

The type of record produced consisted of a black mark (stylus
heated) when the rat was feeding, and no mark (stylus cold) when the
rat was not eating (Figure 2).

A Palmer kymograph as used in student experiments formed the
paper drive. On test, the drum speed proved to be somewhat in excess
of 0.13 mm/aecond in bottom gear with the brake on. The brake was
therefore adjusted to give the minimum possible speed. It was hoped
to attain a speed of 0.10 mra/second in bottom gear with the brake on,

but such tension on the bra: e proved to be too much for the motor,

which stopped. It was impossible, in fact, to get a lower speed than
C.13 nua/eecond. This rather awkward speed made interpretation of
the records a slow business. Taster speeds had to be avoided on the

grounds of the cost of the paper and the bulk of a twenty-four hcur record,
Xhe kymograph had to be equipped with a paper supply, a paper

drive, and some means of winding up the paper. In order to form a

sufficiently large and atabl-? platform on which to mount these appliances,

a piece of ieraals 12 inches square and quarter inch thick was obtained.
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Figure 2. Examples of records. Upper trace, a rat places its head in a trough but does not eat;
note the tendency to produce an unbroken line. Lower trace, a typical meal at eleven o’clock at night:
broken lines and dots were produced from several channels, but in the lower one which represents
visits to the water trough, where there is no chewing, the tendency is to produce unbroken lines of
short duration. Marks and figures on the bottoms of the graphs represent centimetres of paper used
since the start of the experiment. Figures below the graphs represent the time. Lines on the graphs
have been retouched for clarity of reproduction.
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A hole was cut in the centre* so shaped that the iermale could fit
snugly on top of the motor housing of the kymograph while passing
round all the excrescences that have been placed there* Screw holes,
counter sunk* and corresponding with the holes for the retaining Bcreus
in the top of the motor housing were drilled in the iermale, with the
result that the existing retaining screws could beused for fastening
the fermale firmly to the top of the housing* A view of the layout
of the top of the permale platform is shown in figure 3*

The paper supply consisted of e vertical shaft* turned to be a
free fit in the cardboard centre of bchuco Mo* 3* single channel,
electrocardiograph paper* The bottom consisted of two perspex discs,
cne on top of the other visible in figure 6. The bottom disc was
~ressed on to the centre shaft end the top surface was roughened with
fine sand paper* The second disc was a free fit on tne centre shaft*
and had both sides roughened with sand paper* When a roll of paper
was in position on top of the perspex discs and traction was applied
to the free end, the friction between the paper and the perspex* and
between the two perspex ciacs was sufficient to keep the p>aper under
slight tension without imparting a breaking strain to it* The free
end of the paper was leu rounu the standard six inch myograph drum*
against which it was pinched by tne paper drive.

The paper drive consisted of small rubber rollers, usually used
for pinching the paper against the placten of a typewriter* The rubber

on these rollers proved to be rather hard and considerable pressure



had to

Figure 3

A view of the top of the prototype recorder. Above
the myograph drum are the* riting levers end the
springs which hold them against the drum (the nine
leads to the electronic unit are visible). To the
left of the myograrh drum, from above downwards, are
1, the paper supply, 2, the rubber crive wheel for
the paper collector and 3, the paper collector. To
the right of tho myograph auw.: are the paper drive
rollers.

be applied against the crue to obtain a positive drive.

This

was achieved by counting tho rollers on a vertical rod at the end of

en ara .

locker

The rollers were then greased into position and the arm

by aeans of a wing nut. The drive obtained in this way was

unfailingly efficient

6¢C.



The principle involved in wincing up the paper was that of a
slipping drive operating a drum on which the paper could be wound
at e speed rather faster than that at which it was delivered by the
paper drive. The slipping drive was provided by the rubber driving
wheel from a Grundig record player (Ffigure $), This was mounted at
the end of a free swinging arm in such a position that it could be
pressed against the bottom of the myograph drum. The drum on which
the paper was wound was made from the idler of a mammalian kymograph
(figure K). A flange for carrying the paper was pressed on to it
and a brass ring was fitted to the bottom. The diameter of the
ring (1 7/8 inches) was less then the diameter of the collecting drum
(3 inches). The collecting drum was mounted at the end of a swinging
arm which could be locked in position by means of a wing nut. By
slackening off the wing nut end swinging the arm over, one could pinch
the rubber driving wheel lightly between the brass ring on the
collecting drum and the bottom of the myograph drum. While no paper
was being collected, the drive was positive. But because of this
positive drive, the linear speed of the circumference of the brass
ring was the same as that of th circumference of the myograph drum.
The smaller dimensions of the brass ring, however, mean that the
revolutions per minute were greater. The collecting drum was being
rotated at the same number of revolutions per minute as the ring, but
the diameter was greater, and this meant that the circumference was

in fact moving faster than that of the myograih arum. When the paper



Figure *e.

The paper collector. The roller has been removed from the recorder
ami mounted on the top ox a retort stand* from above downwards, 1,
the collecting roller, 2, the flange on which the paper rests, and

3, the ring which is norrally in contact with the rubber drive wheel*



fed out by the paper drive was connected to the collecting drum by a
or.all piece of cellotape, any alack initially present was tehen up.
The paper then came under slight tension and the rubber driving wheel
started to slip on the myograph drum. The drive was no longer
positive, but a constant tension was maintained and the paper was
wound Firmly on to the collecting drum.

Provided that the kymograph spindle and the vertical shafts
of the paper supply and the collecting drum are truly vertical to
the Fermale platform, end provided also that the upper surface of
the top perspex disc on the paper supply and the upper surface of
the flange cn the collecting drum are accurately at riOht angles to
the shafts and at the same level, such a system works well and reliably.

The writing levers were maue of several parts ~Figure 5). The
distal part, farthest from the pivot, consisted of three inches of
copper clad laminate with copper on both siaes* To the distal end
of this was soldereu the element wire, bent into a suitable shape
and crimped for greater strength# bear the proximal end, the copper
on one eiut was cut through, and proximal again to this cut, a brass
sleeve was fitted to the laminate and soldered to the copper strips.
Thus on one side, as a result of the cut, the stylus was insulated
from the brass, while on the other side it was in electrical continuity
with it. Froximal to the enu of the laminate, the sleeve was shaped
round and pincheo to form a tight fit on a 1/6 inch brass rod. The

proximil end of the rod was fitted ana silver soldered into a brass



Figure 5

A writing lever from the prototype. i'llo lever has been removed
fro® the appaiatue end mounted on & red for photography* At the
left is seen the element wire which acts as a writing joint and
which has been coated with chalk to renter it visible. This wire
is soldered onto the two copper strips of the copper-clad laminate,
at its light hand end, under the first piece of insulation tape,
the laminate is soldered to the brass sleeve. The upper strip is
in electrical continuity with the sleeve. The light flex is
soldered to the lower strip which is cut through between the point
of attachment of the wire and the sleeve (the cut is ret visible).
At the le”el of the second piece of insulation tape, the brass
sleeve it. shaped round and fitted to the tress rod which io in
turn fitted into and silver soldered onto the brass hexagon* On
the next ’flat” but one to the lever, is the rod for the attachment
of the spring.

hexagonal section i inch thick, Ibe object of the brass sleeve
fitted to the rod was to form a beans of adjusting the length of the

levers incividually and thus of aligning the styluses. On the next

6h.



flat but one of the brass hexagon to which the lever was fitted,
another 1/8 inch brass red, li inches long, was fitted. This formed
the attachment for a light spring to maintain writing pressure.

The eight levers representing the eight troughs were mounted on
a 3/16 vertical rod which was firmly bolted to the Permale base
(Figure 6). The hexagonal brass portions of the levers were drilled
so that they fitted snugly but freely over the 3/16 rod. A brass
collar with a set screw was placed over the vertical rod, and the
hexagonal portions of the levers placed on top of it, all rotating
surfaces being separated by thin washers. Another brass collar with
a set screvr was placed on top of the levers, being carefully adjusted
as to pressure so that free rotation was possible without rocking
movement* Thus the levers could rotate on the upright independently
ami there was no vertical movement at the lever tips. Another
vertical rod bolted to the Permale base formed the attachment for the
eight springs which maintained writing pressure (Figures 3 and 6).

In all eight levers, there was electrical continuity through the

brass proximal ends and the uprights with one side of the copper clad

laminate. From these uprights a lead was taken to the positive earth
of the electronic units. (The eight units were, of course, parallelled
across the power supply.) Cn the other side of the copper clad

laminate, the side with the? cut in it, a light, single flex was soldered
distal to the cut on each lever. These eight leads were connected to

the emitters of the CC 26 transistors (T3 in Figure 1).



figure 6.

A side view of the prototype recording unit. At ritht front are
7 or the £ levers (ore was "“bciroved™ to ferr. part of another piece

of apparatus/. lhe springs and their attachment are clearly viexble.

behind tK- lever rcuntinp is the pap.-r supply shoving the two perspex
friction discs. The paper collector IS alirost concealed by the
ttyograph drum. The paper v..rive rollers are cn the left.

6f



The troughs
In constructing the feeding troughs, the first consideration had
to be size. Limited funds prevented the construction of a cage to

fit the troughs, and it was therefore necessary to construct the

troughs to fit the existing cages. Certain parameters were, however,
fixed. The most important of these was the size of the hole through
which the rat would have to put its head to obtain food. Keasurenent

on several rats indicated that this hole had to he not less than I£
inches in diameter. Such a hole could be conveniently cut in a tube
of 2 inches outside diameter (1 7/8 inches inside diameter). The
headhole was cut with its top edge £ inch from the top of the tube,
which, being 26 Inches deep, allowed a trough depth of 12 inches.
These trough dimensions were critical. The result we3 that an eight-
trough unit would occupy a minimum length of 16 inches. Since the
width of the cage was 17 inches inside, it was not possible to space
out the individual troughs so that the photo beam could pass straight
across the front of the head hole. It was necessary, therefore,

to position the light and transistor tubes as in Figure 7* In the
pair of troughs illustrated, the light tube is at the back and the
transistor tubes at the front, such that the beam shone across the
trough at an angle of *%5° to tho straight edge of the base. In the

pair of troughs adjacent to those illustrated, the light tube was

placed at the front, between tie.., and the transistor tubes at the back,

"Itkc-ugh tt.is arrange .rot was net ids-al, it worked *ell enough in the

event



transistor tubes

. ead holes/ ®dilf>f<>>r=awNS

Figure 7,

A drawing of two cf the eight troughs showing the positions of the
light end tronsietor tubes. The two sirs of troughs adjacent
to those iliustrsteu have the transistor tubes at the back and the

light tubes at the front. The drawing is by f.iss sdith F. Andrews
of the South African rnsitute of hctiical Research.
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The base of the troughs consisted of a brass plate 1/6 inch
thick, and to this were soldered all tubes. The tubes were also
soldered together and thus gave rigidity to the apparatus.

The top of the troughs was formed free sheet metal bent to fit
snugly over the tops of the troughs and drilled with holes which
registered accurately with the tops of the lamp and transistor tubes.
All bulbs and transistors were mounted on this plate. In order to
keep the number of wires leading from the troughs to the electronic
unit to a minimum, all components of the circuit (Figure 1) BI, TI,
B2, were mounted on top of the trough* They were provided with a
common power supply (2 wires), there was a power supply to the lamps
(2 wires); and one lead from each i<l to the base of the corresponding
T2 in the unit (6 wires), making a total of 12 wires. This wiring
was protected by an additional lid fitted with a half inch brass tube
through which the wires were led from the cage. Four brass rods
(1/8 inch diameter) were soldered to the base of the troughs and
passed through holes in the top of the troughs and protecting lid.
These rods were threaded at the top and fitted with nuts, so that the
protecting lid could be fastened down and, pressing on the top of
the troughs, held that down as well* Thus all wires, transistors and
lamps were protected from the unwanted attentions of the rat.

THE PINAL MODEL
The electronic unit

The original electronic unit, having proved reasonably satisfactory,
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remained unchanged except in details despite the fact that the element
wire was to be replaced with a coil* This raised two difficulties
which caused some trouble in operation* The first was that the cut-
off in the light on position was incomplete. This meant that the
coils were always energised to a small extent and involved very careful
adjustment of the mechanical components of the recording system to
counteract the effect. The second arose from the small difference
between the light on ana light off positions. The consequence of
this was thut the power available was snail and in some channels the
deflection was also small. Although this did not affect the interpretation
of the records* it meant that safety margins were small and led to a
certain lack of reliability.

The remedy for these difficulties would have been either to
interpose relays between the electronic units and the writing coils,
shunting, the excess current which flowed in the light on position, or
to redesign the circuit. The first woulc have been expensive and
the second was not possible un. er the conditions then existing. The
circuit ha6é in fact been redesigned since the conclusion of the work
described herein by Kr. Morris Filner of the Department of electrical
engineering.

In view of the large number of rejects necessary to obtain eight
QC 71 photocells, and in view of the fact that the final model required
kb such cells, the writer decided to putchase CCP 70 photo-transistors.

This had no material effect on the circuit. It is a moot point whether
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the change actually resulted In an economy or not. for greater
simplicity of construction, the negative supply was earthed instead
of the positive.

The recording system

The recording system used in the prototype suffered from two
faults. first, no matter how carefully the writing points were aligned
at the beginning of a 2% hour recording period, they were badly out of
alignment at the end of it. The cause of this was mainly the nature
of the heated stylus recording system. When the stylus is hot, it
actually melts the wax or plastic surface of the paper. However, when
the stylus goes cold, it tends to stick to half melted material which
imparts a slight pull to it, ultimately spoiling the alignment. No
doubt this fault could have been overcome, but was far surpassed by
the second one.

The second fault arose not so much in the construction of the
recorder itself as in the price of the recording paper. sven at the
slow paper speed used in the trial period, the cost per day for one rat
amounted to 50 cents. Recording continues for seven days a week, and
it was envisaged that the ultimate recording periods would run for
several weeks or even months. Recording from six rats simultaneously
would clearly make the total cost of paper prohibitive. It was this
consideration which led to the abandonment of hot stylus recording.

An it turned out, the hot stylus would not have recorded all the information
now obtainable because of the time it takes to heat up to writing tem-

perature. This was net realised at the time.



There are two ways of recording on ordinary paper with some common
writing instrument - intermittent and continuous. The intermittent
method wa6 tried Ffirst. In this, a pencil is held just off the paper
by a weight or spring and is pulled on to the paper by a solonoid when
the signal arrives. The Tfirst attempt worked satisfactorily from the
mechanical point of view, but the pencil made a mark so faint that it
could easily be missed. ball point pens were next tried, but they are
not immediate writers, usually requiring half a revolution of the ball
before inkireaches the paper. Capillary writers proved unsatisfactory
because, if off the paper for more than a few minutes, they tend to
block. The intermittent system was.therefore abandoned in favour of
continuous writing.

Here, the writer is in contact with the paper continuously but

is deflected on arrival or the sijoaal. At once it seemed that the

ball point pen had con* into its own. Later experiments, however, showed

that they vere too unreliable and they had to be abandoned.
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A Ffurther examination of pencils wan made* HB and coloured pencils
recorded quite will for an hour or so, but after that the points appeared
to become polished and smooth and the t.ark became so faint us to be almost
illegible. All grades of pencil up to 6B were tried. The softer
grade of pencil wrote quite well, but the point soon became blunt and
the line proportionately woolley. The tendency for such records to
smudge means that they are not permanent.

A search for suitable writing instruments was started. It is
true that the use of capillary writers would have been possible, but
in the view of the Instrument Maker who was responsible for cost of the
mechanical work and design, the provision of feed pipes and reservoirs
at exactly the right height above the writing points would have served
further to complicate an already complex piece of machinery. It was
therefore decided not to use them. At this stage, the author found
two types of draughtman®s etylogré&phic pens which exactly fitted the
apparatus and these were adopted. Their adoption immediately raised
two problems.

The First was ink. Several types of ink, including Nigrosina
ink as recommended fer the Grass o.b.G., were tried, but all tended to

block. finally, ksterline ink proved to be the only one tc approach



ICO per cent reliability, and even that gives trouble sometimes*

The secchd problem was one of suitable paper. lip to that time,
rolls of cheap paper as used in Neuter®s ticker machines were employed*
This paper is easily obtainable, and has a sufficient length per roll
for changing of paper not to become a troublesome business. But as
soon as a liquid ink was used, it was found that the paper was absorbent
and the line became blurred. The type cf paper used in cash registers wta
somewhat better but still not satisfactory. There are numerous charts
for recording machines available, but all are expensive and none is very
long,” and the machine, as finally constructed, turns out 12 meters of
paper per drum per day. Finally, and at the last moment, the problem
was solved by a member of the staff of National Cash Registers who found
a thin, glazed paper which was specially prepared at short notice in 3"
rolls of the correct diameter. The cost of this paper for six rats is
10 cents per day. Bach roll lasts five or six days.

The general arrangement of the recording drums was controlled by
two considerations. In the first place, the ultimate failure of the
student kymograph in the prototype, suggested that we needed a motor
with e large excess of power, arid that this on® motor should drive all
six drums* It seemed to be much easier to arrange this drive on to
a horizontal shaft. Secondly, when the decision was taken, it was
believed that ball point pens would ultimately be used, and these run
best in a vertical position. In the event, the decision to use a

horizontal shaft proved a fortunate one, since, although it involved



considerable redesign, it rendered possible the use of stylographic
pens*

The frane on which the recording unit was to be counted (Figure 8),
consisted of a disused kymograph table which was *& inches high, and,
with the top on, 2b inches wide and 60 inches long* The top was
removed (this later served as a shelf for the paper supply) end a third
transverse support placed in the middle of the framework thus revealed*
There were thus three transverse supports on which were mounted three
ball races to carry the 60 inch horizontal shaft on which the drums and
driving sprocket were fastened. The base of the kymograph table
constituted a shelf, and on this, st one end, was mounted the power unit,
a half horse power induction motor. This motor has a rated speed of
1750 rpm and considerable gearing down had to be adopted to obtain a
reasonable paper speed* It was originally intended that the drive
should be through e gear box giving bottom gear of approximately
13C,0<C to 1, but the lack of suitable milling machine and our inability
to get our gears cut elsevhere led to the abandonment of the idea.
Instead, the initial drive was through two V belt pulleys giving ratios
of 3to 1, 1 to 1, and 1 to 3* The driven pulley was counted on a worm
drive giving a ratio of 50 to 1, This drove a *C to 1 worm drive
through a rubber coupling, and this, in turn, drove a 20 to 1 worm
through a similar coupling. Thus, using the 3 to 1 pulley, the reduction
was 12C,CCG to one, but alternative ratios of *0,000 tc 1 and 13*333

to 1 were also available* The 120,CCG to 1 ratio gives a paper speed



Figure 8.

The recording unit* The writing levers are on top. On the shelf
below them are the paper supplies and below that the six electronic
units are housed on two shelves* The power unit and reduction gears
are on the right. Un the left above is the pipe carrying the cables
to the cages and below is the tine marker. The paper collecting
bins are behind.
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of approximately 8 ®&. per minute. The final drive from the last

worm to the ahaft was by means of a rear bicycle sprocket ana a bicycle
chain. Cne of the sprockets was solid, and the other a free wheel,

so that the druse could be turned by hand in the forward direction

when required and the need for a clutch was obviated. However, the

use of these three worm drives entailed the construction of an additional
small shelf to carry them. Since, with these ratios, the motor is
running fairly light, its speed is constant. Its efficiency has been
proved by its ability to run for several weeks non-stop.

The old system of paper drive end collection was no longer
applicable. The paper supply depended on gravity to keep the supply-
roll on the base and thus in alignment; the drive rollers were hard
and required very considerable pressure to give a positive drive; and
the winding up mechanism was necessary because the paper was running
horizontally and tended to kink if allowed to fall into a bin or other
receptacle.

Since the supply roll now had to lie horizontally, it was decided
to fous»: it in a sheet metal box six inches long and having a cross
section of inches square in order to house a paper roll five inches
wide end 3c inches in diameter (Figure 9). In each end of the box
a slot was cut from the top to half way down, being wide enough to
accommodate a % inch spindle easily. These boxes were screwed on
to the shelf aforementioned ( igure 8), each one being accurately
aligned with the edges of the druse above it. night-inch spindles

(Figure 12) were turned with one inch at each end $ inch in diameter



Figure 9»

A paper supply box with a roll of paper in situ. The springs
preventing the lifting of the roll are seen at either side.

76



79

and the rest £ inch in diameter. Two perspex discs for each spindle
were cut 3? inches in diameter with a hole in the centre large enough
to be a loose fit on the spindle* Unlike the discs in the prototype,
these were not roughened, but were intended as smooth surfaces to
reduce friction between the roll of paper and the metal box on one

side and between the paper roll and the positioning spring on the other.
Since the paper roll was 3 inches wide and the box 6 inches long,

there was a space between the roll and one end of the box. In this
space, and forming a loose fit on the spindle, was the positioning
spring which kept the paper pushed up against one end of the box.

With the type of paper finally used, it was possible to drill out the
wooden spool in the centre so that the roll was a loose fit on the
spindle. Thus the only tension on the paper was that caused by the
pressure of the positioning spring# ft was originally hoped that the
weight of the steel spindle would be sufficient to prevent the roll

from lifting from the box. In the event, it was found that springs,
screwed into the wooden shelf and clipping over the ends of the spindles,
bad t-- be added (Figures 9 and 1C), Figures 9, 10, 11 and 12 show
successive stages in removing a roll of paper.

From the boxes, the paper was led over the kymograph drums and
under the pens which wrote vertically on toj of them. Thence, the
paper passed down the other side of the irum end was ,inched against
it by the paper-drive rollers, Tc obviate the very considerable

pressure used in the prototype to get a positive paper drive, orton



A paper supply box.

Figure 10*

The first stage in removing a roll of paper.

The springs are *lipj>iSg off the ends oi the steel spindle.

8c



A pa~er ly box.

Ilie roll and swindle are lifted out

positioning spring,
perspex disc.

Figure 11.
The second stage

lirst perspex aisc,

in removing a roll oi paper,

of the box. Left to ripLt, the

roll of paper, second

bl



A paper supply box and

Figure 12.

Its component parts showing the steel spindle.

On the spindle, left to right, are the positioning spring and two

perspex discs.
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rollers on £ inch bteel shafts wore made specially. These are soft,
and, having a diameter of £ inch, form a good drive with comparatively
little pressure. i.ach rollsr wuo icuntea in slots cut in two brass
tubes which also contained phosphor-bronze compression springs to
maintain pressure against the drum* (The housing of one of the
compression springs and tlie end of one of the rollers are visible at
the right hand side of Figure 13)-. .although this drive is satisfactory
there is a certain amount of paper slip. "This is revealed by the
fact that the paper speed varies between the different arums, the
range being from ™8 to 5Q Cue. per hour. oven a somewhat greater
variation would not be serious, since the final model is fitted with

a time marker.

When once the paper has been round the drum, it is fed down
a sheet metal chute into a bin, whence it can be easily wound up by
hand, (Figure 13)*

It was realised from the start that with eight recording levers
and one time marker, each iiable to undergo a lateral deflection,
there would be very little room on the paper. however, since, with
the exception of the time marker, onj.y one channel could be active
at any one time, each lever could serve two channels, deflecting one
way Ffor one channel and the other for _.he second. This reduced the
number of levers per drum to four, a fifth being inserted for the time
marker . The levers (Figure iKj are mace of phosphor-bronze spring
wire, Ik gauge. The spring in the metal was to act as the return

mechanism after deflection* A steady bearing at the hinge end was



figure 13-

The recording unit showing paper chutes and collecting bins.

At about il o"clock on the end druri in the brass tube housing a
compression spring pressing the paper drive roller areinst the
drum. The end of the orten roller is Just visible. The writing
levers and pens are clearly visible on top. The six uprights
projecting above the pens are port of the time Bmrker.



Figure

A lever in osition on the drum. The ether levera have been
turned back ana those on the far aide covered with a cloth. The
coils which operate the levers arc under the sheet B8 guard. ..
To the right is the upright of the ti;r.e marker. The time marked
lever, with a weight near the bearing has been turnec beck.

as
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secured by the use of taper pins.

The roe8nB of deflecting the levers had to conform to simplicity
and cheapness, while the amount of current to be passed by the CC 26
transistors should not be more than amps. It was decided to
leave a margin of safety and draw not more than 2 amps, preferably
less. (The wide discrepancy between the figures used iIn designing
the coils and those given in the description of the electronic unit
arose from the fact that both the Instrument Maker, who was responsible
for this side of the design, and the writer who wound the first coils

were under the impression that much greater voltages would be available

than were ultimately delivered. Testing was done by tapping
volts from a 6 volt accumulator. The result of this was that the
coils and electronic units were but ill matched. None-the-less,
the system worked!). The first attempt at devising e suitable

mechanism consisted of turning up brass bobbins on which formex coated
copper wire of various gauges was wound, but the best efforts at the
voltage and amperage available were indeed poor. At this stage,

news came of a pile of obsolete telephones on the railway scrap yards.
The A.C. bells from these, with their soft iron cores and permanent
magnet boosts, when remagm>tised and rewound by the Lepartment of
electrical engineering with S.~.G. 2R wire (SCO turns per coil),
proved the answer to the problem, having a resistance of ohms

and deflecting the levers adequately. (Figure 15).



Figure 15.

The colls which operate the levers. The sheet metal guard has
been removed. The white powder visible in the photograph is
cockroach repellent.



It was hoped originally to use an electronic time marker,
marking minutes, ten minutes and hours* In the event, the gadget
never achieved a sufficient state of reliability and the Instrument
Maker unearthed a synchronous motor from the store giving one revolution
every five minutes. (This is visible at the bottom left of Figure 8),
Cn this he fitted a perspex disc having five cams, one wider than
the rest* These cams operated a microswitch in circuit with a relay.
The time marker levers are thus deflected once a minute with a longer
deflection every fifth minute*

The troughs suffered from certain defects. In the first place,
it was inconvenient to have the troughs inside the cage; secondly,
the fact that the photo-beam shone obliquely across the trough rendered
it possible for a rat to sip liquids from a full trough without cutting
the beam, although he could neither eat, nor drink from a half empty
trough without doing so; thirdly it was impossible to empty or clean
the troughs properly without removing the electrical components from
the top, and this meant readjusting the alignment of photo cells and
lamps every time, a somewhat lengthy and trying process; and fourth
the writer had grave doubts about the adequacy of the water supply*

The correction of the first two faults required the construction
of special cages by a wire basket maker (Figure 16). The correction
of the first fault required these cages to have a two and a half inch
high opening across the front equal in width to the length of the
troughs. Over this opering a shelf of galvanised iron formed a

platform from which to hang the troughs by means of sheet metal screws



Figure 16.

The six cages with troughs in position« The curious order in
which the cages are numbered is the result cf crossing the cables
in passing them through the pipe.



(Figure 21). Tie fact that the photobeams were now to pass directly
across in front of the troughs meant that the length of the eight
troughs would be greater than any existing cages. It also meant
that there was a danger of accidental cutting of the beam. To
obviate this, a half inch gap was allowed between the trough and the
floor of the cage. The principle of illuminating two photo cells
with one bulb was retained. Since the cut-off was never quite
complete, it was essential that the two deflection coils operating
one lever should be well balanced. This was easier to achieve if
the two photo cells operating them were subjected to exactly the
same intensity of light. The cages were made two foot square, some
four inches more than necessary, in the hope of being able to add
activity recording at a later date*

The third defect was rectified by making the troughs in two
parts, an upper and a lower (Figures 18 and 19). The lower part
consisted of the actual food containers soldered on to a £ inch brass
plate for rigidity. The upper art of the troughs consisted of
outer tubes with the head holes in them, light and transistor tubes,
a top £ inch brass plate to which all tubes and electronic components
were attached, and a sheet metai lid. All this was hung, from the
shelf on the cage by sheet metal screws. The new arrangeaent with
the beam passing straight across the front of the head hole, and the
resulting spacing out of the troughs, meant that there were three

gaps wide enough to accommodate a quarter inch bolt. Accordingly,

9C.
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Figure 17.
The front view of a set of troughs. The water tower is on the
right. Cn top is the sheet aietal housing of the electrical components*
The three pairs of tubes and the end ones contain transistors. The

other four contain lights.



Figure 18#

The troughs iIn position on a cage. The water tower is st the
left* The three nuts which must be removed to release the troughs
con be seen under the bottom plate.

92



This page is intentionally left blank



Figure 19*

The Tfirst stage in removing the troughs* When the three nuts
are unscrewed the feeding troughs are easily detached from the rest*
There is no need to proceed farther than this stage at feeding time.



Figure 2C.

The second stage ip removing the trmghs. The 12 point plug
connecting the troughs with the electronic unit is removed.



Figure 21*

The third stage in removing the troughs. The sheet metal screws

have been taken out and the upper part of the trough lowered.
cage can now be taken away for cleaning end sterilising.

The
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these spaces were drilled right through from the top of the shelf*
Three long 1 inch bolts were passed right through with the nuts at
the bottom. To remove the feeding troughs, one simply has to undo
the three nuts and remove the bottom plate together with the feeding
troughs, the rest remaining in situ and in no way subject to
distrubance (figure 19)#

The possibility of a water shortage was obviated by the provision
of a water tower next to one of the end troughs (later designated
trough number 1I). This water tower, with a capacity of cCO ral.,
worked on the air-lock principle (Figures 17, 18, and 19)e In the
first model, a 1/8 copper tube from the bottom of the tower to the
bottom of the trough was intended to act as s water supply tube, while
the air lock tube consisted of copper of a similar size passing from
a point i of the way up the trough to the top of the tower. However,
the pressure difference between the top and bottom of the tower proved
insufficient to draw a drop of water up the air-lock tube, and the
trough did not refill on being emptied. In the second model, a 3/8
inch tube, with the top 1 of the way up the trough passed horizontally
across to the tower, but when the level of water in the trough dropped
below the bottom of the pipe, some still remained in the pipe and
formed a meniscus which was a sufficient barrier to the entry of air.
In the third and final model, the 3/8 inch tube passed from trough
to tower at about - This proved satisfactory. It meant that

there was something in excess of ml# of dead space in the bottom
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of the tower, but there were still some I™C ml. of water available
above the pipe. The top of the tower was Tfitted with a screw top
and a cork washer impregnated with vacuum grease. This provided an
air-tight seal and facilitated refilling.

Figures 15 to 21 show successive stages in the removal of the
troughs.

All six electronic units were housed on the recording unit
(figure 8), three on the bottom shelf, and three on the shelf between
it and the one on which the paper supply boxes are Tfastened. This
means that there are six twelve-core cables passing between the
recording unit and the cages. In order to protect them and improve
the general neatness of the layout, they are conveyed through a 1]
inch galvanized pipe (Figures fFand 16). (This proved to be a mistake.
It would have been better to tolerate the danger of damage and the
untiLy appearance and gain esse of removal.)

One further addition wss made to the apparatus. Twice, during
the early stages of the experiments, there were power cuts during the
night. Since the whole apparatus stops and starts together, there
is nothing to show when the cuts occurred, and it is impossible to
form an opinion as to whether the 27-hour record should be retained
or rejected. To overcome this difficulty, the University electrician
provided a synchronous electric clock which operates on the same 15 amp
point as the rest of the apparatus* This clock, obtained from the
former University Residence at Cottesloe, is of the old variety which

is not self starting. Thus it stops at the time of the power cut end
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does not start again, so that the operator knows in the morning that
there has been a cut and at what time it started. A brief examination
of one record tells him the time that is missing, and thus the duration
of the cut* It is therefore possible to decide whether the record
is so seriously curtailed that it must be discarded.
Operation

The apparatus is housed in the rat room of the ihysiology Animal
Laboratory* It occupies the whole of one end of the room, which
is temperature controlled with a minimum of 7C°F and is run strictly
to routine* At 8 a.ra. the cleaners enter, swill water over the
floor, and brush the surplus water off with a broom* After the cleaners
have finished, at about 8.70 a*i.», feeding starts, being completed at
about 9 a.m., depending on the number of animals in the room. Thus
during this period from 8 a.m* to 9 a.m. there is considerable
disturbance, and it seemed reasonable to feed the rata in this
experiment at the same time, rather then introduce a further disturbance
later in the day.

In view of the swilling down of the floor, all wooden apparatus,
or ungalvanized metal, stands on bricks.

In front of the recording apparatus is a table on which are
providedj-

i"he laboratory record book in which is entered,

(@) the troughs into which food is to be placed.

(b) the amount oi food placed in the troughs,
and the amount of water placed in the tower.

(c) the amount of food and water remaining
from the previous day.
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(d) cnce a week, the weight of each rat*
A measuring cylinder.
A baby enema syringe.
A spring balance weighing in grams.
A bottle of Esterline ink.
A iasteur pipette.
Several pencils.
A selection of plastic spoons.
Six strips of sheet metal 2 inches wide and 2K inches long.

As the operator enters the animal house, he collects the food

from the refrigerator. He then enters the rat room and glances at
the clock. If it has stopped, he notes the time before resetting
it. He then places the food on the table and takes the six sheet

metal strips and slides one into each cage in front of the feeding
troughs, thus preventing the insertion of the rats’ heads. As he
places the last strip in position, he notes the time on the clock

to the nearest minute. At the same time, he listens to the time-
marker and notes the click which c meg nearest to the time. He then
takes a pencil and marks the "blip" appropriate to that click with
the time and the number of the cage.

Thus, on the record from cage 6 he writes, say, 833 8, and on
the others 833 5, 833 #f 833 3, 833 2, 833 1. This marks the
end of the previous day"s record. he turns the arums until his time
mark is well clear of the paper drive rollers and tears off all six

records at the rollers, laying the ends over the sides of the collecting
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bins* He is now ready to start feeding.

He starts with cage 1, undoing the three nuts and lowering
the feeding troughs, which he places on the table. Now he takes the
enema syringe and sucks the water out of trough number 1 with it
until the trough is empty and no more water enters by the supply pipe*
He squirts this water into the measuring cylinder and notes the volume
in the record book. This is the volume of water left, less the dead

tCrvwi
space. He theeugfos the water away and refills the cylinder with
fresh tap-water. Then he fills the water tower from the cylinder
and makes a note of the amount put in in the record book. Using a
medium and then a small plastic spoon, he scoops out the food remaining
in the feeding rough and weighs it, entering the weight in the record
book. He makes this up to X0 grains with fresh food, and, having
cleaned the trough of spillage, he refills it. He then replaces the
number 1 troughs and proceeds to number 2 cage to repeat the process,
continuing until all six cages have been dealt with.

IT the pens and paper require no attention, he now removes the
six metal strips, noting tho tiae as before and entering it, the cage
number, and the di.te cn each of the new records. This marks the
beginning of a new 2K hour period. it usually takes minutes to
replenish all six cages, so that the 2K hour record 1b in fact 234
hours long.

When pens or paper require attention, the blank period Is

lengthened. however, the effect of this is mitigated to some extent
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by pressing into service en African laboratory assistant. This

iran, who operates four days a week, is fully capable of dealing

with the feeding and watering, leaving the writer free to attend

tc pens and paper as necessary. It is always possible so to arrange
the filling of the j«ns that they require ro attention on days when
the writer works alone, but it occasionally happens that the paper
has to be replenished on those days.

kolling up the previous day"s records c&n, of course, be done
at leisure after the feeding end watering is complete, but, until
this process has been mechanised, it is done by an African cleaner
on six days a week, being dene by the writer on the seventh (Sunday).

Although the aim has been regularity in the management of the
apparatus, there have been occasional lapses. A technician offered
to relieve the writer on alternate Suncays. Since this was an act
of kindness on the part of a very willing young mar., the writer did
not feel that he cculd impose the degree of punctuality that he
imposes on himself. There were further irregularities at examination
time.

In view of the complexity of the apparatus, and thus the
possibility of faults developing, the writer has found it necessary
to undertake a rigid routine of inspection three times a day (except
on Sundays when two inspections have to suffice). In this way it
has often been possible to spot and correct an airlocked or blocked

pen which would otherwise hve resulted in a serious loss of information.
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The First act in each inspection is a glance at the clock to see
that it is still going. One then counts the number of lines being
drawn on each drum (a glance is not sufficient) and notes if any
of the lines is abnormally thin, which indicates a pen about to stop
writing. standing by the recording machine, one glances along the
cages, counting the lights in each (there should be four). It is
undesirable to stand near the c ges unless necessary since this
elicits an alerting response in the rate who usually feed shortly
after such an event before returning to sleep.

It is occasionally necesoary to test a channel or adjust a
pen. This results in a deflection or eeries of deflections. These

are marked with an X to indicate that they were not done by the rut.
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THE RECCMHDS AND THEIR

INTERPRETATION.

As stated in the description of the apparatus, Tfour levers
are used to record the events taking place in the eight troughs.

The left hand side in Figure 22 shows the order in which the troughs
are represented on the tracings* There is an inversion of the
trough order on each lever due to a fault in wiring. As this rather
trifling mistake is common to all six records* the writer decided

to tolerate it. In fact* it caused no difficulty in interpretation*
The centre trace is the tine marker®s record. There is an upward
deflection of the lever every minute* every fifth deflection of the
lever being of longer duration than the rest*

This record* which reads from right to left* illustrates the
difficulties mentioned at the beginning of the Design of the Apparatus*
sad the Final Model. In order to avoid the expense of relays*
the output from the GC 26 transistors is fed straight to the deflection
coils. Since the transistors are never without current flow, there
is sometimes a certain amount of imbalance even when the electronic
adjustments have been performed with the greatest care, or an imbalance
might appear in the middle of an exj;eriinent due to the collection
of dust on a photo cell. There is thus a tendency for the lever to
be pulled to one side when both output transistors are off. This

can be corrected by compensating with the lever. It will be remembered



that the spring in the lever acts as a return mechanism. By

bending the lever a little to one side, one can induce an equal and

opposite imbalance and thus centre the righting point. In the

bottom trace of Figure 22 an imbalance between channels 1 and 2 is

clearly visible at the right hand side - a deflection in the number 1

direction and none iIn number 2* This fault is corrected by bending

the lever in the number 1 direction and thus leaving seme movement

of the deflecting mechanism in the nus ber 2 direction. At the left

side of the record, the number 2 deflection, though small, is

sufficiently visible to be legible# Bhould the correction be

continued farther, there is a danger of reaching the condition shown

in the record from troughs 5 and 6. Here the lever has been bent

a long way in the direction of number 6 to get a good deflection in

number 5* with the result that the return from the number 6 side

is slow. This slow return, which can also result from excess writing

pressure on s pen, though untidy and a nuisance in some ways, does

not affect the interpretation of the record, since the start of the

return is clearly visible. When a rat pa;s a series of rapid visits

the result is a ripple effect instead of the clear rectangular pattern

of the efficient lever (Figure 23 contrasted with Figures 2K and 25)*
When the prototype was in operation, it was housed in the writer’s

office, and it was therefore possible to observe the rat and correlate

the result with the record. This has led to the adoption of certain

conventions in the interpretation.
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X"igure 22*
the recorder. The trough order is written to the
left of the record which reads from right to left. In the centre
trace, the tune-murxver gives one minute intervals. In the bottom

U-oce the recorder was out of adjustment and ia being corrected,
further details of this are given in the text.
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Figure 23

Top trace. The record from a eluprieh lever. Thie does not
present any difficulty in interpretation. The record reads from
rifcht to left.
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Figure 2k,
k meal with the fcod in ti“ough number 2. Kanctom visits are

marked with arrows. The record reads from ri~ht to left.
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Figure 25-

A meal with the food in trough number 6. Kandom visits are
marked with arrow®©e The record reads from right to left.

Vihen a rat eats at one of these troughs it does sc by inserting
ite head and withdrawing it several tic.es. The periods during which
its head is outside the trough appear tc be occupied in chewing* and
might last anything up to one minute. Thus, in the record from the
prototype (Figure 2) a meal is represented by a broken line. All
gape of less than one minute are included in eating time, while gaps
of more than one minute are recorded as pauses. In the records from
the final model, such gaps in the record appear as returns to the

baseline, or towards the baseline in the case of a sluggish lever.

1C9
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A rat will occasionally insert its head into a trough for
purposes other than eating or drinking. Presumably this is some
sort of play and involves any of the troughs whether they contain
food or water or not. Such visits are extremely brief, one second
or so in duration, end ore termed random visits. Such random visits
might occur as interruptions to a meal or between meals and might
involve the food and water troughs. It is important to distinguish
between random visits to the food and water troughs and visits for
the purpose of eating or drinking. With a record such as this, it
is not possible to estimate duration more accurately than to the
nearest quarter of a minute. Thus, anything of a duration of one
eighth to three eighths of a minute is termed one quarter. Any event
of a duration of less than one eighth estimated time is said to occupy
sero time, this means that it is random. It might be expected, and
the writer did indeed expect, that there would be borderline cases
between eating time and random visits. In the event, this is not so,
and the vindication of this convention will appear in a consideration
of the experimental results. Peals containing random activity are
illustrated in Figures 2% end 25»

As we have seen, the time at which a daily record starts is
entered on the record to the nearest ninute. In interpreting the
record, therefore, one marks off the time trace in five minute and
hourly intervals, using a 2K hour clod. Much of the record is blank,

but is interrupted by episodes, which are composed of events. Cire
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can, therefore, by recording the beginning and the end of an
episode to the nearest quarter of a minute, measure its duration.
ITf one measures the duration of all eating and drinking events, and
takes random visits as zero time, then by measuring the duration of
pauses between events to the nearest quarter of a minute, the total
of such time estimates should be equal to the duration of the episode.
This forms a useful and necessary check on one"s estimations. A
legitimate discrepancy can arise when a rat pays a rapid series of
random visits with none of the pauses approaching a quarter of a
minute, and yet the whole occupying an appreciable period of time,
in fact a quarter of a minute; in this case, the total is that much
less than the duration of the episode. however, one is always
conscious of such a discrepancy as one goes along.

There are thus four types of event which might form part of

an episode

Drinking time

hating time

kandom visits

lau&es

An episode which contains eating time, however short, is termed

a meal. The writer wished to be able to distinguish between events
that occurred at meal times and those that occurred between meals
and was thus faced with the interesting question, "How long must a
pause be befor it ceases to be a pause?” This is reminiscent of
the problem of how long a Galvanic pulse must be before it becomes

a D.C. current. However, the writer again falls back on his experience

with the prototype. IT a rat leaves the troughs for more than six
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or seven minutes, it rarely returns to them in under half an hour,
bounding, a pause must be less than ten minutes. This somewhat
arbitrary convention works well in practice. Lven at the height
of feeding activity, as midnight approaches, episodes ere seldom less
than twenty minutes apart. Out of a total of 1,183 episodes there
were 81 intervals of less than 15 minutes and 57 of between 15 and
20 minutes. All other intervals lasted twenty minutes or more.

The interpretation of the record in Figure 25 «s it wojjld appear

in the Journal ist-

1151*

= O
|

1200

6 1*
2*

1217*

That is to say, the episode started at 115* and continuted until

1217*. The figures in the first column are the trough numbers, those
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in the second column being the duration in minutes. Where there

is no figure in the first column* the time represents a pause. A
dash in the second column represents zero duration or a random visit.
Here feeding time is &L and drinking time i minutes.

There remains the question of artefacts. At infrequent
intervale, a record might contain a slow deflection, taking a minute
or more, instead of the usual sharp one (Figure 26), This usually
occurred at one of the end troughs and could be of long duration
broken, occasionally, by slow returns to the baseline. The only
wd% to find the cause of this was to station oneself in the rat room
and watch. bach rat was picvided with a round enamel bowl in which
to sleep;, but sometimes one of them would climb out of the bowl and
lie down to sleep in front of the troughs with its back towards the
lights. During its movocsents in sleep, the long hairs of its back
would move into and partly obscure the beam, causing this slow,
partial deflection. These deflections are easily distinguished
from the more usual kind and, when once their cause was known, they
were ignored. When there was any doubt at all, the deflections
were recorded.

r

The other type of activity, even more ra)te, consisted of a sharp
deflection which was maintained for a long period. This proved to
be of sinilir origin, but in this case the rat inserted its caudal
end into the beam and went to sleep. When such events ere of
ridiculously long duration they can be written off as artefacts and

ignored. However, cne does not Know how often short events of this



Figure 26
An artefact. In the botto. truce there is drift in number one

channel . This is followed by a clean deflection which was counted
os drinking time between meals*

sort occurred. That they are frequent is suggested by on examination
of betwe- n meal activity. Much as the writer would wish to avoid it,
it seems necessary to further protect the troughs by making the rat

enter a short passage to get to each one.
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THE EXPERIMENTS.

As already indicated, the object of the experiments described
herein is two fold* In the first instance, it is necessary to
know at much as possible about the rat"s eating behaviouI-under the
conditions presented by the experiment. The importance of this
lies in the slowness of the procedures and the fact that only nix
rets can be accommodated at one time. Thus, tc obtain results with,
soy, a hundred rats-, the experiment in question would have to be
repeated seventeen times in order to accommodate them, fuppcoing
an experiment lasts three weeks with each group of rats, the whole
will take about a year, assuming continuous running, which is unlikely.
To reduce this, one must somehow increase the efficiency of the
experiments so that smaller numbers can be used. This involves
knowing where the main sources of variation lie in a uniformity trial
and thereafter so arranging or grouping the rets that this variation
is eliminated in the statistical treatment of the results. Alternatively,
some fault in the management of the rats might be revealed which will
lead to a better procedure in future. Thus, preliminary, exploratory
experiments are essential.

In the second place, when one comes to the definitive experiments,
some of the ingredients offered to the rats will be taken in very
small quantities, the B vita;ins for example, and thus visits to these
troughs will be of very short duration. Cne can, it is true, dilute
those constituents and thus make the rat spend longer obtaining his

requirements, but there is a limit to this; one must not dilute below
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the teste and smell thresholds* It is therefore necessary to
make a stud} of the random visits to troughs and see, if possible,
how they can be reduced or eliminated. IT they carnot be eliminated,
one must know whether trough position is in any way correlated with
the number of random visits, whether, for example, the end troughs
are more subject to random visits then the middle ones. Armed with
such knowledge, one can arrange things so that the dietary ingredients
which are taken in only small quantities are placed in troughs least
subject to such random visits. There is, of course, an essential
fallacy in this reasoning. V.c have made the assumption that a rat"s
behaviour towards a trough which presents no gustatory or osmic
stimulus will be the same when a del mite stimulus is provided. Hie
writer does not believe this but admits that one must take due
precautions in case he is wrong*

ho special arrangements ars necessary for investigating the
rat"s general feeding behaviour* It matters not which trough the
food is placed in nor even if it is placed in all of them, since one
must assume that the quantity it eats and the time intervals at which
it eats are determined by the factors discussed in the first part of
the introduction. When it comes to random activity, however, the
position of the trough must be of importance. Since it was possible
to put a little more than a day"s supply of food in one trough, the
writer decided to use one trough only and supply a complete mixed diet*

It was the writer’s intention to use the McCollu:: Diet described

by Pichter and Schmidt (1939)*
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Grehasi Flour 7?5 g®»
2kire Kilk Pov.der ICC gm.
Casein ICG gm.
Futter 5C gm
Coditcn Chloride 1C gm
Calcium Carbonate 15 gm.

Vhich amounts to:-

Carbohydrate 2b. 2%
Protein 26.7%
Fat 1*»_.1%

However, it proved impossible to obtain Graham Hour and this
was replaced with unsifted wheat flour. ho doubt this resulted in
a small dilution by reason of the cellulose content, but this should
not have affected the rats” intake of nutriments (Adolph 1977)e

The food was moved to n different trough at the beginning of
each week, end, since there were seven trough positions for each rat,
this imposed a seven week period on the experiment. lhe troughs were
used in random order so that the rats did not form habits and were
unable tc ;redict what the next change would be. This was, perhaps,
being rether ~crnickety and led the writer into an act of thoughtlessness.
Ke randomised the order for each rat independently. This needlessly
complicated feeding und led one of hia assistants to make a mistake.
Had all the rats used the same trough each week, no information would
huve been lost and the mistake would net have occurred. The only

alternative to this arrangement, strictly speaking, is one in which
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no two rate had the earae trough position in the same week. The
only additional information to be obtained by such a complex arrangement
would be an unbiassed estimate of the performance at each trough, and,
as it turned out, this would not have been worth while* As it is,
trough position is confounded with time and is biassed. leccavi!

The rats were albino laboratory rata which have been bred in
the Department of Physiology for twelve years. Three of them, those
in cages 2, 3» and were littermates, while the other tbree are
unrelated to then or each other* The term "unrelated" is, of course,
relative in an inbred colony* All were males, K months old in October
1963 when the first run of the experiment, later abandoned, began

nnd their weights werel-

Cage number Rat weight at start (gins) height at end (gms;
1 2(8 230
2 2Mt 3n2
3 222 ZZh
k 22C 2%
5 23C 268
6 218 510

Details ef their weights throughout the second run of (
experiment are given in Appendix I*

On the 1™+th of October 19&3, the first experiment began-



It soon became apparent that it was impossible to interpret
the records at the speed at which they were produced, and the writer
decided tc concentrate on one rat and keep the interpretation up to
date at all cost* Any spare time which became available was to be
devoted to bringing another rat up to date. The reasons for this
deci&ion were partly that it was the tore interesting way of doing
a monotonous job, and partly as a check cn the apparatus. It was
hoped that, should Anything subtle go ViXng, it would be spotted and
action could be taken before too much was lost. In this way it was
noticed, during the fourth week, that the random activity between
meals increased rapidly, with the rut hardly getting one hour"s
consecutive sleep. Then a record appeared in which, while the rat
was feeding, another channel became active, so that it appeared as

if the rat were visiting two troughs simultaneously. HR8KS9ERBP

110.



Investigation allowed that there were undoubted signs

ol cockroach infestation in the rat room. It was, of course,
impossible to take heroic measures since there were other experiments
in progress. efforts to save the experiment by surrounding the
cages with a cockroach repellent with a boric acid base and by placing
cockroach poison at strategic points proved unavailing. On the
fifteenth of December the experiment was abandoned.

One important lession wus learnt in this abortive run, and that
is that it is essential to keep up to date with the interpretation
of recorua while it is impossible to do so if all the records are
interpreted. It was therefore necessary to resort to a system of
sampling, the nature of which will be described in the section of the
statistical treatment of results.

By the time the necessary steps had been taken in the rat room
and time had been allowco for the rats to settle down, it was ?th
January INC™ before it was possible to start again. The TFirst week

went smoothly, but during the second week,

' " VBHHBHHBMMr

a power failure occurred

| at pere,

the cut extending lor over an hour Coming at a time of maximum



feeding activity, this was a serious break.. It was impossible to
repeat that 24-hour record without repeating the whole week since the
aay to day variations which arc important in certain contexts would
be lost. The writer therefore ceeided to abandon the whole week

and repeat it at the end of the experiment. Thus, the experimental
period was eight weeks instead of seven, week 2 being absent.

in week 3» the rat in cage number one developed diarrhoea,
bince the flour supplies appeared to be developing fungal growth,
they were replaced and the condition cleared up.

On February the 3rd, trouble developed in the electronic components
in the troughs in cage number 2* When the troughs were removed for
repair, it was fog;d that the rat had been gouging copper off them.
Careful note was Aéen of the size, shape, and depth of the tooth marks*
These hod not changed at the end of the experiment, so presumably
the rat did not repeat the exercise.

Cn the 2oth February, the pen in channels 1 and 2 in cage 5
stopped writing at ?.30 p*m*, the food being in trough 2. Cage 5
was one of the two cages to be sampled that night, the other cage
having a good record. To repeat would mean repeating the whole week.
This raised a special problem. 3t was the last week of the experiment
and thus another week would h;Vc to be inserted so that there would
be a trough change at the beginning. In fact, the exj;eriment would
run for ten weeus altogether and extend well into the beginning of

the next term when the writer would be heavily engaged in other ways.



He therefore decided not to repeat but to accept the lose of
inform!ion and to treat that r c*rd as if it were a missing value*

There were various electronic troubles end several mechanical
aduntrrents wore required to the levers, but these happened to
develop in capes which were not appearing in the samples. However,
they pointed to a certain lack of reliability in the apparatus.

It was only when the writer was collating the results that he
discovered that on one day the food had been placed in the wrong
trough for one of the rats that appeared in the sample. he felt
that this would rot aff-ct the feeding and drinking behaviour and
therefore accepted the result as it stood for that part of the results,
however, with random activity it was quite another matter. Observation
showed that a change of troughs initiated an increase in random
activity for one day at least, so that this mistake would lead to
a false reading in midweek. The change back to the correct trough
next day did not matter since that day did not appear in a sample
and was thus not recorded. This is dealt with further in the section

on statistical treatment



THE STATISTICAL TREATMENT

OF T IE RESULTS.

when it became apparent that he v."oulu be unable to interpret
the records as fast as they were produced, the writer decided to
resort to a system of sampling* His main interest was in random
activity arid here he was interested especially in day to day
variations. It was thus essential that each day of the week should
be represented without bias. It was equally important, lest there

should be intex-rat variations, that each rat should be equally

represented. The week to week variations did not seem so important*

In the matter of feeding behaviour, on the other hand, the day to
day variations were not likely to be of any importance, while the
longer term changes might be. If it is true that the day to day
variations are not important, the omission of a day in each week,
in random order, will not bias the Jong term assessments.

He therefore decided to draw a sample in such a way that each
rat appeared in it once in ea™h week, each time on a different aay,
and no two rats appeared on the same day in the same week. Thus
each day cf the week would appear six times in the course of the
experiment, and each time would be represented by a different rat.
randomisation was done by means of a table of random numbers and

the following table resulted (Table 1),

F >



Table 1.

The distribution of the days cf the week within a sacple.

Rat Number
weeks 1 2 3 b
1 1 5 b 6
2 7 b T 5
3 3 2 1 7
b i 3 c b
5 2 1 7 3
6 5 7 6 Cc
7 b 6 3 1

a
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This meant that there were only A2 records to interpret in

by dsjs. The writer felt he could go better than that, and

therefore decided to draw a second sample

in the sar-e way but

independent cf the first. Tables cf this sort proved

inconvenient

fcr working, and the two samples were reconstructed shewing the

distribution of rats within daps and weeks (Table 2).

Table 2,

The distribution of rits by days and weeks.
Sample 1 is above sample 2.

Days
Weeks 1 2 b
1 1 6 3
3 2 if 6
5 3 2
C 3 3 1 2
T 3 2 1 6
Yy 1 A 3
] 6 3 2 b
1 6 3
c 2 1 b 3

2 6 3

c 3 6
6 6 <+ 3 2 1
k 3 1

/
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Thus £ records were interpreted cut of a possible , or
nearly one third. Vhile the writer anmits that it would be preferable
to interpret all the records, the syster; oi sampling is imposed on
him by practical conbiderations.

It appeals to the writer in retrospect that it wee a mistake
to make the two samp-lee independent, because it ie jossible for the
tame rat to appear in both samples on the same day. This in fact
happened four times. In these cases the tame readings were treated
as if they were two independent ones. It was also possible for a
day to pass with r.o samples taken. This, Tfortunately, only happened
once. The writer was at fault here. The sempl” should not have
been independent.

«eek 2 is actually omitted and placed at the end, so that the
weeks are 1, 4, 5, 6, 7, and £e
FshDIhG «+ill) bh.hklhd doll. ./l CU-..

The missing value.

In order to estimate the probable missing value, the following
method was applied. The results were set out in a 6 X 1% table.
That is, six rats (columns) by two lots of seven weeks. lhe rows
and columns were totalled and the missing value estimated by applying

the following formula

rR +cC-T
(r-1) (c-IT



where

r Is the number of rows

c is the nur.ber of columns

R 5.6 the total of the row which contained the missing value.

C is tho total of the column which contained the mieoing value.

T is the grand total.

The estimation of this mi--__sinr value entails the lose of one
degree of freedom, for both total ar.d error sums of squares. Had
this happened in a randomised block experiment, a corsfction would
have been applied to the suit, of squares for treatment”. In fact*

there are no treatments here and the correction therefore has no

application. In any case, the factor is normally very small and
unlikely to affect estimates cf probability. This estimation was
applied to all those readings taken direct from tha records. When

other parameters were calculated from them, the estimated values
*ere treated at. if they were real valuer. These calculations were
divisions ere thus errors are red multiplied.

igranicters.

126.

Tho follcving paraneter!!”, were determined by direct measurementd-—

Food consumption (grrri- per day) Appendix Il.
Feeding time (minutes per day) Appendix. IlI.

The number of meals per day, frper.dix V.

Veter consumption (r.In. per day) Appendix VII.

Total drinking tire (minute® jPr day) Appendix VIII.



Time spent drinking at meals (minutes per day)
Appendix IX.

Time spent drinking between meals (minutes per
day) Appendix X.

In audition, all rats weie weighed weekly (Appendix I). ibis
is rat room routine ana the weights were entered in the record book,
bn one day the routine failed to function, so that there is no record
for wee* 7* in week d the rat weigher was sick and the weighing
omitlLed without the writer being informed. However, as there are
no other readings for that week, this is in fact not a loss.

In addition, the following parameters were calculatedi-

kate of eating (mngms. per minute. Food consumption/
feeding time) Appendix IV.

Average duration of reals. (Minutes. Feeding
time/nun.ber of meals p.r day) Appendix VI.

The statistical analysis.

The writer’s first approach to the analysis of results was
wrong and his error was pointed out by Professor J. E. Kerrich of
the department of /eethematical statistics. The final analyses went
according to Frolessor Kerrich*s suggestion, but the wrong approach
had a useful result end it is therefore proposed to give a little
attention to it.

It appeared that, since there was a table of 6% figures, there
were 63 degrees of freedom in total, less one for the missing plot,
62. within the table there were six columns and fourteen rows,

giving 5 x 13 - 1, or 64 degrees of freedom for error. There were

127.
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thus 18 degrees of freedom left for the various comparisons. These
were apportioned as follows:-

Between samples 1

Between rats 5
Between weeks 6
Between days 6

18

The writer had completed the analysis of all parameters
before consulting Professor Kerrich, obtaining his sum of squares
for error by difference. In one case, os a check, he computed
the error sum of squares directly. For each cell in the table,
he computed the ideal value by:-
V«mec+mr -mt
where
mc is the column isean
mr is the row mean
mt is tie general mean
In each cell of the table he entered the discrepance between
the ideal value and the observed value, squared them and added them.
The figure obtained for error sum of squares was the same as that
got by the difference. Thus, whatever else was wrong with this
method of analysis, at least the error mean squore was a good estimate

of the population variance.
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For each parameter, the variance arising from differences
between the daily means was commuted and wa3 insignificant when
compared with this estimate 0" population variance. Thus the
hypothesis that there is no difference between nays of the week is
retained. This has three important consequences.

1. In deciding on the method of drawing samples, it was
assumed that there would be no significant daily variations in
feeding or drinking behaviour. This is true.

?. In the method of analysis finally adopted it 1b assumed
that the day on which the reading wan taken was the middle day of
the week. Since there is no svnlficcnt difference between the
daily means, this introduces o negligible error.

3. In each weekly mean, the mean of both samples, two days
are missed out of the possible IIf. However, as there is no significant
difference between the days, the weekly means are still without bias.

Plotting the readings for each rat against the weeks of the
experiment revealed that theie appeared to be a regression on time
in so0"C of the readings in addition to a difference between rat means.

This led to the adoption of the following model for statistical analysis.

Yij =P e »i +P*ij + *i;j ... .........
Here, 1jj is the value of any Y. This is equal to the general
mean u, plus the deviation from the mean «i, plus the slope of the

regression line times the deviation of the appropriate X from the

general mean of X, plus an amount which is independent of X and Y
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and drawn at random from a nornally distributed population. in

the analysis, this leads to the testing of two variances, that

arising from the differences between the rat means which is a measure
of the height of the regression lines, and that aris.ng from slopee.
These are tested against the experimental error which is an estimate
of %i and thus of the population variance. The error sum of squares
and degrees of freedom are obtaxned by difference. This gives rise
to the following outline of the table of analysis of variunce.

Source of variance degiess of

freedom.
Between ret rears £
Kat slopes 6
hrror 11
Total 8F

The aui,a of squares for betwee; rat means and total are computed

by:-

i >1 j Kkj u)
In the case of feeding tine “Appendix IIl) this beccmes:-
Total G5-.252 + EK.2*? + ...90.502 * 65. - IM(6,973.752)

= 60?,71"»-6 - 578,966.5 = 23,7*»S.1

p 0 p
Between rot means 1/1IM1,152.25 + 1,1(A.50C + .. _.1,*0".25"%)

57b,966.5 « 17"*537.1



In computing the kucis of squares ag”roprinte to slopes™ the
writer first computed L (the regression coefficient) for each rat,

since that figure will be requ_reu later, according to the formula

€)

The sun of sgnr/ron 1r th"n obt-i ned by multiplying b by its own

numerator, jiving:-

131.

---------------------------------------------- G)
The computation >f the siu, cf X end the sum of requires
caution. First there is ro X a 2. Then the X*s are 1, 3, 4, b5i
6, 7, 8 rejected. The rum is 68, end the sum of squares of deviations

from the mean 69*71.

The cooijutaticn of the numerator of b prerents nc problem) since
k is I&end jis 1. Raving computed b for erch rat, one multiplies
each by its own ~ xy, thus obtaining the six sumo of souares. These

are totalled giving the sum of squares for all rats
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Designating the Ffirst part of the numerator in equation (3)
as XY, and the second part as toy, and the sums of squares for

b as SEb, the computation goes as follows, again for feeding time

Rats
1 2 3 4 5 6 Total

X1 5721.50 5607.75 4761.50 6861.50 4656.25 6861.50
Kxy 5596.61* 4667.71 few.# ~ 35.71 6966.36
Xy 124 .66 243.04 93.79 218.14 23.5%1 -54.86
b 1.791 3.76 1.3*15 3.129 0.338 -C.787

SSb 223.63 847.28 138.81 682.56 7.95 43.09 1,9*13.28
It will be remembered that cf the six rats, three, numbers 2,
3, and 4 are littermates while the ethers, numbers 1, 3, and 6 are
not. It is therefore possible, and from the writer®s point of view
interesting, to subdivide the variance arising from the rat means into
the difference between the littermate (hereinafter LK) and non-
littennate (herinafter NLM) means with one degree of freedom, and
the variance between the means of the three LM rats on the one hand,
and the three NLM rats on the other, each with two degrees of freedom.
Apart from the information which the writer wishes to obtain from
these comparisons, they form a useful check on the arithmetic since
their sums of squares add up to that for between rat means. The
computation of the sums of squares in these cases is strictly according
to equation (2) and raises no difficulties provided one observes
carefully the values of k and j.
In all cases, the first test of significance is the variance

ratio F, The writer observes two levels of probability of committing
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a Type 1 error, that is rejecting a null hypothesis which is
actually true. When P is less than C.C5 but greater than 0.C1,
the F value is marked with one asterisk and the writer considers
that, in view of the small number of rats involved, this indicates
only that the null hypothesis might be rejected if the result can
be repeated in a subsequent experiment* Where i is less than 0*01
the F value is marked with two asterisks and the null hypothesis can
be rejected with some confidence*

The table of analysis of variance* again for feeding time,

appears as follows:-

Source of variance Degrees of Sums of squares Fean

freedom squares T
Between rat means 5 1#,537.1 2,907~ 28 .39**
LK v NI.M 1 137*0 137.0 1.3
Eetween LM rats 2 6.079.5 3,039.8 29.69**
between NLM rats 2 t,32C*6 M6C .3 kc.6y*
Slopes 6 1.9**3.3 323.9 3.16**
Error 71 7.267.7 1c2 >
Total 82

It is of course of some interest to know whether there is in
fact a bigger variation between non-littermate rats than between
littermate rats* A value of W for this comparison can be obtained
by dividing the one mean square by the other. However, with and
Vg both equal to 2, a P of less than G*C5 would require a ratio of
200 or more, while a P or less than G«Cl1l would require one of ”~,999*
Such values were never achieved and it is not possible to reject the

null hypothesis*



Having obtained significant valu. e for F, it la necessary to
delve into where the actual variation lies. This involves the use
of the t test. Before going into this, however, it is advisable
to look further at the experimental error.

were it not for the missing value, the error would have 72 decreet;
of freedom. We can rewrite the table in Appendix 11l in such a way
that it has »2 cells, each containing two figures, one from each
sample. lrcaumably the true value for each cell would lie somewhere
between the two figures. The differ nee between each pair of such
figures would thus contain two deviations from the cell mean. Thus
by taring half the cum of squar;s of these *2 differences, one ob.ains
an estimate of £h with *2 degrees of freedom, one from each cell.
Having computed this sum of squares, one could then obtain the sum
of squares appropriate to the remaining 3C degrees of freedom by
difference. lhe mean square computed from this Ffigure could be due
to interactions between rat means and slopes, yielding, by way of
example, the interesting information that rats with large means have
steep regressions in time while rats with low means have flat ones.
The writer confesses that he c:nnot see the physiological implications
of this and cannot thus see the value of splitting the error. There
is, however, another oscible identity of this vsritnee, and that is
deviations frem the rat regressions. There would be 5 degrees of
freedom for each rat and with six rata this would give degrees of

freedom. The writer may be talr.inp nensense and confestes that he
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is net mathematician enough to decide the point. It is one of
some importance, for in order to use the t test he requires an
estimate of both deviations about the mean and deviations about the
regression lines. With the jool®" error he knows where they are,
while with the split error he is not sure. He has thus decided to
pool the error, feeling that nothing is gained but uncertainty by
splitting it. At least he is certain that his experimental error
contains all he requires of it. It might be added that splitting
has surprisingly little effect on the error variance.

To decide where among our rot regressions the significant ones
lie, we first require s®, the standard error of b. This is computed

from the formula

We take it that the error mean square is our S2y>X. In the

case of feeding time sfe becomes:-

ICZ.k
1212
v 69.71
With
F t(c.f.70) significant b
C.C5 1.99n 2.7M17
Cc.o01 2.61+S 3.2C9

Thus armed, we can examine our W’s and mark them with 0, 1,
or 2 asterisks as the case may be. The results of this exercise

and the conclusions drawn therefrom will be given in the next section.
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Here it is necessary to mention two assumptions made. First* as
already mentioned, we have assumed that all samples are drawn on the
middle day of the week. This is not serious because of the lack
of significant differences between the days of the week. It is true
that the weeks ere not all of the same length, but the average length
of the week is indeed seven days.
The second assumption is that the regressions are in fact linear.
They might well not be. It is probable that some are exponential.
Next we come to the differences between rat means. Here we
require the standard error of the difference between two means and

since the number of rats iIn each mean is the same we use the formula

In the case of feeding time, this comes to:-

/ 2(102.4
( ) 3.825
y
Vith
P t (d.f. 70) Significant difference
0.05 1.994 7.627
0.01 2.648 10.129

The question arises, "How do we apply these differences?"
There is no legitimate method of pairing the rats and we must not
compare the highest mean with the lowest. The writer is interested

in the difference in the performance of the littermate and non-



littermate rats*

137.

He therefore first divides into these groups

and then places the rats in order of magnitude of their means*

He next takes the differences between adjacent means and compares

them with the significant differences computed above,

following result*

Eats B rats Differences Hats NLM rats
means means
* 97.70 6 101.1*5
23.06**
2 1 82.30
6.00
3 68.61* 5 68.11*

with the

Differences

19.15**

13.16**

It is, of course, understood that where F is not significant,

one is not entitled to proceed farther with the analysis.

The conclusions to be drawn from such results appear in the

next section.

Correlations

This completes the analysis of variance.

It is of iInterest to know the extent to which the various

parameters correlate with one another.

In the first instance, the

writer performed an analysis of covariance for several combinations

of parameters.

had to be abandoned.

However, since the original concept was faulty, this

The model, represented by equation (1), on

which this analysis of variance is based is in fact a model of covariance.

To proceed farther with this, then, would involve performing a multiple

covariance, which, while perfectly possible, if laborious, would not

be justified on such a srrall group of animals.
whether such elaborate methods would yield any more

is obtainable by much simpler means.

Indeed, it is doubtful

information than
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In plotting the appropriate graphs, the writer has somewhat
arbitrarily put one parameter on the ordinate and one on the abscissa*
and the graphs could os well be drawn the other way, for it is
impossible to say which variate is dependent and which is independent*
In fact neither is independent. Cne could calculate two regression
coefficients, end the lines drawn with their aid would cross at the
point representing the means. It is not possible, therefore, to
produce one regression coefficient and st its significance. instead,
the writer has thought it better, and sufficient, to compute their
geometric mean, the correlation coefficient.

This coefficient will tell himr. if there is a correlation and

how close it is. He will th n know v.hat to look for or what to
explain in future experiments. The question resolves itself into
one of which figures to use in computing the coefficient. One could

use the six rat means or all the figures in the tables.

In his working graphs, the v,Titer plotted 8" points and has
based his conclusions find calculations on them. It thus seems
reasonable to work with the total sums of squares and products.

(The graphs used for illustration are simplified. In the originals
there were six symbols and two colours. It ic impossible to use

the two colours in reproduction and their omission reduces the graphs
to a state of utter confusion. Thus, in this thesis, *?2 points

are used, each point being the mean of two sample readings.) In

inclining to this view, the writer believes that he will draw frowns
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from liathematiciene unless he can show that the individual rat
regressions do not differ significantly from each other* This

the writer has not shown* and in seme of the graphs it appears to

be manifestly untrue. In other graphs there appears to be a distinct
possibility that it might be true.

Against the use of rat means is the fact that with only 6 joints
and K degrees of freedom, one gets a result with very low inertia,
where one divergent rat could invalidate the whole thing. In fact,
such regressions are very nearly meaningless. The correlation
coefficients obtained by using rat means alone are usually large,
approximately twice those obtained by using all the figures, but
never attain significance. The writer therefore uses all the figures
in the table in calculating his correlation coefficients with the
proviso that all correlations whether good or not, are mere indications
of where problems lie and in which directions attention should be
directed when larger numbers of rats are available.

The formula used in computing tho coefficient iss-

r «

(8)

Two assumptions are made in using this coefficient. First
the distributions of both variates are normal, which, of course,
has be" n assumed throughout. ~ocond, the relationship between the

variates is linear This second assure tion might well not be true



end thie ia a point which in some cases will merit future attention*
It muet, however, be realistd that a an,all coefficient might be due
not only to a wide scatter of points about the regression line, but
a departure of that line from linearity.

The sums of squares in the formula in equation (8) have, of
course, already been obtained by the use of the equation (2). The
suras of products are obtained by using thenumerator in the formula
(3) for computing b, b being the cum of products divided by the
sura of squares.

RAKDOM VISITS TO TROUGHS

These random visits are immediately divisible into two groups,
those visits that take place nt meal times, and those that take
place between meals. These are analysed separately since, not only
are there important differences between them, but the implications
from the writer’s point of view are different.

When one has in mind the nature of the future experiments that
it is intended to perform, the importance of these random visits
is clear. What interests the writer is the distribution of these
visits over the troughs and their regression on days. By the time
he had reached this stage in his computations, it was abundantly
clear that there are large differences between individual rats and
he had formulated plans in his mind as to how to deal with it in the
design of future experiments. he is therefore not interested in
inter-rat differences. For thie reason he has pooled the readings

from ell rats



During the analysis of feeding ana drinking behaviour, the
regression on weeks was examined. In that context it is important,
since it has implications in the fields of maturity and settling
down time. In addition, the weekly readings were unbiassed. With
random activity, on the other hand, a regression on weeks would mean
only changes in the rate of learning with repetition, a problem for
the Experimental Psychologist and not for the i"hyeiologist, Not
only that, but the regression on days is very highly significant
in the case of random visits at meal times. Since one day is omitted
from each week, this means that the weekly means are no longer
unbiassed. Thus, not only is this regression irrelevant to the
matter In hand, it is also unreliable and is not included in the
results, (It is in any case insignificant,)

There are innumerable comparisons which could be made between
the troughs. Cf this number, however, there are a few which are
logical and, in the writer®"s opinion, hove a bearing on future
experiments. These are as follows:-

At meal times.

Adjacent versus remote. The troughs on either

side of the food trough compared with thot>e separated

from it by one trough or more. The water trough,

number 1, is included.

Inter versus extra. Those troughs lying
between the food trough and the water trough compared

with those that do not lie between



ind versus middle. Troughs 1 and 8 compared

with the rest*

Food ana water vein s the rest. This speaks

for itself.

Food trough versus empty troughs.

Between meals.

Food and water versus the rest.

End versus middle.

8 versus middle.

1 versus middle.

1 versus 8.

Adjacent versus next but one. This is a slight
modification of adjacent versus remote becase the writer suspected
that this particular difference might exist. (It doesn"t.)

Food versus empty.

Food versus empty omitting trough number 8

from the computations.

It will be remembered thnt there is one missing day and cn
one day the food was put in th- wrong trough. The missing value
now becomes eight missing values, and to this must be added another
eight from the day on which the fcod wee placed in the wrong trough.
The writer felt that the simplest and safest course was to discard
both of these day"s.

In view of the limited nature cf the analysis to be undertaken

in this case, the writer has not felt that it is necessary to



construct a full table of analysis of variance, but trather to take
each comparison on its own, compute the standard error of the
difference between the means, and thence arrive at t<

The only complication resulting from this decision is the
computation of the regressions of random activity on days*
Computation of b.

Sather than indulge in a wordy explanation, the writer gives
in full the computation or the regression coefficient of the number

of random Visits to troughs per cay at meal times on days*

Lays Y n of Y

X totals Y means X y

1 625 12 52.0033 -3 16.7846
2 472 11 42.9C91 -2 7.6104
4 365 11 33.1818 0 -2.1169
5 348 12 29.0cco 1 -6.2987
6 401 12 33.4166 2 -1.8821
7 248 12 20.6667 L

From which we get j-

Z X « 28
X a 4
z = 28
y - 35.2987
Z *y = -120,0681
b ® -4.2881

*

y + b(X - X) =35.2587 - 4.2381X + 17.152"~ - 52.4511 - 42,26blX

*

A
Y

Y - Y
48.1630 3.92C3
43.8749 ~0.8658
39*5868 -3.7535
35*2987 _2.1169
31.C106 -2.0106
26.7225 0.6941

22.4344 -1.7677



giving £ d~x 86 «6¢cG6i1+CC3 with 5 degrees of freedom*
fy.x U 1/3(EECCe64cc3) * 1+.163
5b S y X mh_.iei/V2 « C.786

t b/sL * q.286170.786 » 5.14%6 F<C.CC5

All other regressions were treated in the same way*
The direct comparisons*

First one roust extract tho appropriate figures from the tables
in appendices XI and XII. The n.-thod usej by the writer was to
divide a sheet of paper into two columns, one wider than the other*
he headed the narrow column, for example, ends, and the wider one
middle* This is for the comparison ends versus middle at meal times*
tie entered the table and starting at day 1 week 1, wrote 2, 6 under
enda (i.e. the number of random visits to troughs 1 and 6) and 7,

1, C, Jt *, 2 uncer middle. tie repeated this for day 2 week 1 and
continued right through both samples, ending up with IS numters
under end3 and under middle, including zeros* tie then totalled
both sets cf figures, using this total as a chec.v on the accuracy
of the summing of the squares. /.1ter summing the squares, he ended
up with throe numbers for each column* In the case of ends versus

middle at meal times this come tos-

al lo*+ 2 1492
Zxi 797 2Tx2 2,115
5,895 19,981

This provided him with all he needed for the computation. The



next step is to draw up a table, as follows

Position n derrees of freedom means sums of squares
ends 16<+ 163 *¢.86 2,022
middle *o2 *01 *+.3C 10.889

sum 65~ difference C.56 sum 12,911 «Zx2

The sums of squares in the lest column were obtained by
subtracting the appropriate correction factors from the suns of
squares of the original columns.

To obtain the pooled mean square v,e have!-

£ =<x /(NX +NE - 2) * 12,911/0™* * 19.7

The standard error of the difference between the means is
given by:-
ex® - - * 1 e2(n™ + n2~nIn2 (which, where np m n, simplifies to
*2 :/S%)
m/JF19.7(16*+ & *+2)/(16*)(*+92) . G.*+CC2

t » x™ - xXMe™M - jj « 0»9E£/C**+CC2 » L1.*+C which is not significant.

We thus retain the null hypothesis that Pi ~ P2 u

We are now in a position to proceed to a consideration of the

results obtained by these methods.
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THE RESULTS

THE PIKTrIhUTIC®L OF FbsDI G ACTIVITY.

The histograms depicted in figures R/ - 32, show, lor e-ch
rat, number of minutes spent eating in each of the PK hours expressed
as a percentage of the total daily feedint time. The graphs should
in reality, be represented as wrapped round a cylinder and not spread
out on e flat surface, and the writer knows of no method of dealing
with such data statistically. This does not mean, however, that
one may nhot indulge in comment.

The first point that roots the eye is tho heavy concentration
of feeding activity in hour 9 in all rets, (lour 9 means the hour
between 9 and 10 a.m.). This is the more remarkable when one
realises that hour 9 was almost invariably a broken hour in that
feeding and attention to the a.] ratus started in hour o and extended
into hour 9 until about .13 to 9*3". Thus all this feeding activity,
representing from 9 to 13 per cent of the total daily time is crowded
ihto half to three quarters of an hour. There can be no doubt that
one TfTactor involved here is the disturbance caused by the morning
activity of the experimenter or his assistant. The behaviour of the
rats at this time varies considerably but ends up with feeding,
hats 1, 3, and 6 usually appeared to be asleep end paid no attention
as the metal strip which acted as a guard screen was placed in position
preparatory to removing the troughs. As the guard screens were

reoioved after the troughs hrd been replenished, the rats would approach
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the troughs in a leisurely manner and start feeding. Hat 2 would
invariably attack the end of the screen as it was inserted into the
cage, and, when it was nearly in position, redirect his attach suddenly
towards the experimenter®s hand. V.hen the troughs were being removed
or replaced, he would once more attempt an attack. finally, as the
screen was removed, he would once more attack the experimenter®s hand
and then start feeding at the trough* Hat 5 would approach the
troughs as the screen was inserted, place himself in a crouching
position opposite the food trough find fix his eye on it, remaining

in that position until the screen was ultimately removed, when he
woulld start feeding. kat 4 seemed to be rather "experimenter
orientated". As one placed the screen in position, he would climb

up the bars of the cage and sniff at the experimenter and seem pleased
if one spoke to him. As one removed the screen, however, he would
try to dodge round the end of it to get at the troughs as soon as
possible. Curiously, despite this keenness to get at the troughs,
the day frequently, even usually, started with random visits to empty
troughs. A typical 6tart to a day is depicted in Figure 33* Here
the random visits ore marked with arrows.

One may, of course, question whether this time spent at the
troughs is actually spent feeding. This is eosy to answer in the
case of rats ™ and 3* Their method of feeding was to insert their
heads into the troughs, and sometimes, it seemed, one front paw as
well, and then withdraw from the trough, apparently with much more

food than they could comfortably chew* They would sit up on their
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Figure 33~
The start of a day. The record reads from right to left. The
bent arrow indicates the tire of starting. The day invariably

starts with a meal, usually preceded by random visits which are
marked in this record with straight arrows.



haunches and, with both front paws held to their mouths, chew
steadily until the food was finished, when they would dive into the
trough again* In the case of these two rats, there is no doubt
that this time is genuine feeding time* With rats 1, 2, 5 and 6,
the matter is different. Their technique was to crouch before the
troughs and insert their heads for a little while and then withdraw
again for a short time, repeating this over and over again. It was
difficult to see, without going very near to their cages, and thus
introducing yet another disturbance, whether or not they were eating.
Very occasionally one could actually see jaw movements, but generally
the whole attitude of the rat strongly suggested eating. Sometimes
this alternate insertion and withdrawal would be kept up for from

15 to 20 minutes, and it is difficult to imagine a rat spending that
amount of time in meditative sniffing. It seems, then, that we can
say that this time spent at the troughs is eating time.

Granted that this is genuine eating, we must consider what
effect such an artefact has on the diurnal metabolic rhythm of the
rat, which is expressed, in these experiments, as feeding behaviour.
The general pattern of the distribution of feeding activity is with
a heavy concentration at or ju:it before midnight with, in the case
of rat 2, another bout of eating in the early hours of the morning.
In most of the rats there is a distinct depression of feeding activity
from hour 1G until hour 17 or 18, giving the graphs a nocturnal

appearance. Would this distribution of activity be so marked if this
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artefact could be eliminated? V,a cannot speculate about this.
There is no evidence that the rate of feeding in the artefact is
the same as at ether times, nor indeed* do we know if the rate of
feeding is the same throughout the 2K hours. This measurement would
involve some system of continuous automatic weighing which is not
available at present.

This matter is more important than it seems. It might well
be that the effect of the disturbance is to induce in the rat some
sort of indiscriminate feeding activity and, with such components
of the diet as the B vitamins, the rat might, during the artefact,
obtain sufficient to last the rest of the day. This might completely
invalidate experiments on differential appetite. The writer
therefore thinks it is important to try and eliminate the artefact.

His approach will be to supply the rats with enough food and
water to last several cays, and then to replenish the troughs on
days and at times chosen strictly at random, thus avoiding the
inducement of habits in the rats. It seems important, in any case,
to avoid the emphasis on regularity which has been a feature of the
organisation of these experiments#
Fk-DIh"G  BhHAVJ CUK.
Regressions on time.

The regression coefficients calculated according to the methods

already described are summarised in Table 3*
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Table 3.

The regression coefficients end their significance.

Rats
S 1o
'RegreSS|on 1 5 3 4 5 i 6
on weeks of i
rr- _ 1 ** o* - *e
jBody weight
(gms) 2.254 3.949 5.559 2.305 3.305 5.254
Food
Consumption -0.296 -0.214 -C.32C 0.104 CecCsl -0.089
(CTis/doy)
Feeding >4 *
time 1.791 3.486 1.345 3.129 0.338 -0.787
(mns/day) - i : - . )
Rate of *e *k »e
eating
-13.298 -18.046  -15.335 -5.437 1.205 -C.186
(mgros/ran)
Number of 1 Q rgh _ _ _
meals/day : * A -C.111 c.168 0.314 C.174 _-0.531
Average Fx *x
duration of — r  Q 0.624 0.166  0.466 0.173  0.138

imeals (mns).

Let ue first consider the first two lines of thi6 table* those
referring to body weight and food consumption. There is a tendency
for all rats to increase in weight throughout the experiment, less
marked in the cases of 1 and 4 than in the rest. IT we look at
the graph in Figure 34, we see that the main increase in rats 1 and
4 was in the first three or four weeks, and that their weights were
stabilised thereafter. This tendency to stabilise is also visible
but comeB later in rats 2 and 3* while it does not appear at all
in rats 3 and 6. This apparent tendency to curvilinearity is

noteworthy* It is unlikely that, over a period as short as 8 weeks”
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one would notice the curvilinearity due to the natural exponential
growth curve, and one must suspect that this change in weight is in
some way associated with the conditions of the experiment. Had
these rats been younger, this effect sight have been obscured, but,
due to the postponement of the experiment, they were 7 months old at
the beginning and 9 months at the end. At this age the growth curve
would be very nearly flat. The explanation offered by the writer
for this increase in body weight and its variations is that, on being
transferred from the communal cage to their individual cages, the rats
decreased the amount of exercise they indulged in without decreasing
their food intake in proportion.

The total lack of significance of the regression coefficients
for food consumption would appear to support this view, but it must
be remembered that the changes in body weight are small, less than
2 per cent per week, while the scales on which the food was weighed
only estimated weight to the nearest gram, and not all the food
"consumed®lwas in fact eaten — some was spilt. to far as the regressions
are concerned, the total lack of correspondence between body weight
and food consumption is not surprising. This is a matter to which
we will return in considering the rat means. The indications, albeit
somewhat unreliable, are that as rats decrease their exercise, they do
not decrease their food consumption in proportion. This is in accordance
with the suggestion of Mayer (ly>5) that there is a level of exercise

belov. which the appetite iegulator does not compensate. It is quite
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possible, therefore, that these rats were simply becoming obese.

The regression of food consumption with time is depicted in
Figure 35* There is an apparent regression in some rots, particularly
number 3t where the tendency is for food consumption to decrease.
However, as the coefficients are not significant, one should be
cautious about drawing conclusions from such apparent trends.

Turning to the matter of the number of minutes 6pent feeding
in 2k hours, that is feeding time, the table shows that all the
coefficients are positive except in the case of rat 6, but only two
of them reach significance, rats 2 and k. However, on referring to
the graph in Figure 36, we wee thatthefeeding time in rat 2 does
in fact increase up to week 6, but that thereafter there 16 a sharp
decrease to week 7* in rat kK there is a steady increase to week 5
with a decrease or stability thereafter. This tendency for an early
increase and then a decrease seems to be fairly general, except in
rat 3, The writer therefore recalculated the regression coefficients
omitting week 1, How all the coefficients except that for rat k
become negative, but only that for rat 6 achieves significance. There
is a strong suggestion here of adaptation in the early part of the
experiment, bnce more we might be dealing with the effects of isolation.
In communal life one must presume that rats compete with one another
for food to a certain extent, raid this might lead to fast eating,
in isolation, where this element ofcompetition is absent, the rate

of eating will tend to decrease endthe time spent eating increase.
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The next line of the Table ana figure 37 are concerned with this
point. Here daily foo consumption is divided by the feeding time
and the results expressed as rate of eating in Milligrams per minute.
Here rats 1, 2, and 3 show strong tendencies to decrease their rate
of eating, the other three showing rather wide deviations. This
lends some support to the notion of adaptation, altliog.ii the correspondence
between feeding time and rate of eating is not as close as one would
like to see it. However, if one ignores the regression in time and
plots a scatter diagram Wwith feeding tine as a function of the rate
of eating (figure 3°) one finds that the correspondence is closer
than expected, the correlation coefficient of -0.722 being high by
biological standards and having a low uncertainty. Certain interesting
features are illustrated in this graph. In the first place, the

individual rat readings tend to be scattered along the regression

line. This effect varies in degree from rat to rat, being most
marked in rat and almost absent in rat 6. However, the suggestion
is there and strong and obviously merits further investigation. In

the second place, if one removes rat K from consideration, there is
a strong suggestion of curvilinearit-y in this relationship. At
present, it is idle to speculate on the underlying physiology.
It will be possible to make some further reference to this
matter later. In tlie meantime, seme consideration must be given to
the other correlations of feeding time. In view of this close correlatior

one would expect the relationship between feeding time and food
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consumption to be weak or obscured* Figure 39 shows that this is
indeed so, and makes one wonder whether food consumption alone is
a sufficient measure of appetite, or whether one should take the
rate of eating into account*

In locking at feeding time as a function of body weight, (Figure
kO) % one is impressed with two things* First, there is little or
no correlation when considering rat means alone, but when one looks
at each individual rat, one gains the distinct impression that in
some of them at least there is a tendency to eat for a longer time
as body weight increases, an effect which is most obvious in rats 1, 2, 3
end b but not noticeable in rats 5 or 6. This appearance cannot be
tested under the conditions of this experiment and, indeed, it must
be repeated with many more rats before one can make a reliable
statement about it*

The question arises, "When a rat chant,es the time it spends
eating in a day, does it do so by changing the number of meals per
day or by changing their duration?"

One would expect the number of meals per day and therefore the
interval between meals to be controlled by the amount of glycogen
stored and the rate of Its utilisation. Indeed a glance at the
regression coefficients in the Table shows that the number of meals
per day does not change except in the case of rat number 6. This
rat was decreasing the number of meals per day, and, as is clear from
Figure 71, the rate of decrease was linear with only two rather wide

deviations. It will be remembered that this is the rat, which, when
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rats 1a Ad

Feeding time(mns/day)as a function of daily
food consumption.

Figure 39*
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Feeding time (mns/day)as a function of body weight.

Figure kO
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The changes in the number of meals per
day with the progress of the experiment.
Where points coincide, the symbols are
placed side by side.

Figure *1,
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week 1 was omitted free, consideration, had a significant negative
regression coefficient for feeding time. It seems, then, that this
rat was reducing its feeding time by reducing the number of meals

in a day which is apparent, tut not marked, on the scatter diagram

in Figure KZt where feeding time is plotted as a function of the number
of meals per day. If, as seems reasonable, we accept that the
interval between meals, which must determine their number, 1is controlled
by the amount of glycogen stored and the rate at which it is used,

then this rat was undergoing a far more persistent and marked decrease
in activity than the others, unless it was suffering from some
metabolic change which led to an increase in glycogen storage. It
remains a fact that this rat alone of the six decreased the number

of meals per day over the eight weeks of the experiment. Six
constitutes a small sample and it might well be that, were the sample
larger, more rats of this sort might appear. In that case, one would
have to reconsider one"s interpretations.

This relative fixity of the number of meals in a day would lead
one to expect a poor correlation with feeding time. Indeed (Figure
kZ) the correlation coefficient is small (0.3S6) although its
probability is good. The graph gives an impression of curvilinearity
which might have contributed to the low coefficient, but this impression
is largely due to the position of rat number 6 on the graph, in the
top right hand corner. Without this rat, the correlation might well

have approximated to zero.
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Feeding time(mns/day) as a function of
the number of meals a day.

Figure 72,



What, one may ask, of rats 2 and 4 which were increasing
their feeding time but maintaining the number of meals per day
constant? The rather obvious answer is that they must have been
increasing the duration of their meals* This is in fact so, as
shown in the last line of the Table. reference to Figure FKJ and
its comparison with figure Jo reveals a remarkable correspondence
between feeding time and the duration of meals. Fat number one
increased its feeding time up to week four and thereafter decreased
it, while the duration of its meals followed the same pattern. Hat
number 2 increased both up to the fifth week and then decreased.
With rat number 3* both curves are rather flat. Hat K increased
both up to the fifth week with a tendency to stabilise thereafter.
Number 5 shows little trend in either. Kat 6 has a sharp increase
between week 1 and week 3 with a stead, decline thereafter, though
the deviations from this decline appear to be rather large in the
duration of meals.

In view of this close correspondence, one would expect a close
correlation, but Figure KK is disappointing, the coefficient being
0.725 although the significance is good. Closer examination of
the graph, however, shows that in rats 1, 2, b and 6 the general line
of the individual regressions appears to be in the direction of the
general trend, but that in rata 3 end 5» where there was little change
in feeding time, there is no trend* The correlation is spoilt by
the fact that the individual rats have their own characteristic

positions on the graph. One can say, then, that when a rat changes
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The changes In the average duration
(mns) of meals with the progress

of the experiment.
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its feeding time, it does so by changing the duration of its meals,
but one cannot say that rats which eat for a long time have longer
meals than rats which only eat for a short time* This is an
expression of the fact that the number of meals per day, and
consequently the inter-meal period, is highly characteristic for
each rat.
IT one may attempt to summarise the findings of this examination
of the regressions and correlations, they would be thus.
1* Throughout the period of thi6 experiment, all the rats
increased in weight* It is doubtful whether this is just a matter
of growth, and a tendency towaras obesity is suspected.
2. None of the rats allowed any tendency to change its daily
food intake, but here there are considerable inaccuracies in measurement.
s Five of the rats showed a net tendency to increase the
time they spent eating although there appeared to be a change in
trend in the midale of the experiment* Kat 6 is a deviationist,
showing a net tendency to decrease feeding time.
b. There is a general tendency, absent in rat 5» to decrease
the rate of eating, three of the regressions being highly significant.
5. The number of meals a rat eats in a day is highly character-
istic for each rat and does not tend to change. kat 6 iIs exceptional.
It follows from this that when a rat changes the time it spends
eating in a day, it does so by changing the duration of its meals*

What conclusions or speculations arise from this summary?
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1. Hat 6 ie apparently aberrant, but in fact might be less
bo than It seems. Post of the rats were decreasing their feeding
tirae towards the end of the experiment, and might ultimately have
conformed to the pattern set by number 6. Presumably they would
all have stabilised eventually. Here one feels accutely the need
for some means of measuring activity.

2. The stability of the daily feed intake, ignoring
inaccuracies, appeurs to represent the efficient working of the
appetite mechanisms. However, underlying that stability there seems
to be some other, more subtle mechanism at work which is expressed
in a tendency to reduce the rate of eating. One ie reminded of
the finding of Tepperman et al» (1973) that a rat which ia induced
to eat quickly tends to gain weight faster than expected, and also
that of Ercoks and Lambert (1973) which suggests that the fat depots
exert 6ome influence on appetite in the hypothalamic obese animal.
Light it not be, in the intact animal, that these depots are affecting
the pattern of eating? Some investigation of the changes in the rate
of eating with changes in the state of obesity is clearly indicated,

3. The rats might be taking a very long time to adapt to the
apparatus, a feet which might be of importance in the design of future
experiments.

The differences between the means.
The writer’s main interest in the differences between means

was to find some method of ;rouping rats so that he can adopt some



more efficient method of designing future experiments than a
completely rar.dor ised arrangement. It was for this reason that
he divided his rate into littermates and non-litterrate6.

Throughout the experiment and nil the readings and measurements
arising from it, there were no significant differences between
littermate and non-litterr;ate rats, with the exception of body weight.
It would almost seem as if the person responsible for pairing the
breeding stock was influenced, consciously or unconsciously, entirely
by even matching as to size and nothing else. How great are the
similarities is shown by the figures in Table 4. Here, the means of
the littermates are given in the first column, and those of the non-
littermates in the second column. The third column gives column 1
as a percentage of column 2.

Table k.
The means of the littermate and non-littermate
rats, with the littermate means expressed as a

percentage of the non-littermate means. The
significant difference is marked with asterisks.

- NLM NLM X 100
Body weight (gms) 358.5 28A.1 126 .2+
food consumption
(gms) 17.0 18.8 1cl.2
feeding time
(mns/day) 81.7 8".3 56.9
late of eating
(mgms/mn) 213.2 207." 102.8
Number of meals
per day 10.7 10.1 105.9

Average duration
of meals (mns) 8.3 8.3 100.0



At first appearance, these results suggest that no efficiency
would be gained by dividing the rats into groups of littermates.
This, however, is not necessarily true* It might be that, by a
trick of chance in selecting the rats, the non-litterir.ate rats
averaged out to the seme mean as the littermate rats* let us
immediately note that this is not true of the body weight, the
littermate rats being the three heavieste The chances of sampling
did not operate there. It v;ould have been convenient if one could
have grouped the rats according to bod,, weight, but we have already
seen that bod*t weight end feeding time do not correlate (Figure
It is else evident in Figure that there I1E no correlation even
between body weight and food consumption. It is true that there
are serious inaccuracies in the measurement of food consumption, but
even so, one ought to be able to detect the difference between rat 1
with a mean weight of 275*5 grams and rat 2 with a mean weight of
379.5 grams.

This division of the rats into littermates and non-littermates
is not iceal, but was forced on the writer by the combination of the
heavy demands of the teaching laboratories on the rat pool and a
concomitant crisis in the breeding stock. This is unlikely to be
repeated, and a further testing of differences between litters is
indicated. The lack of correspondence between weight and food
consumption is not strictly gernain to the matter in hand, and the

writer will say no more then a further investigation would be interesting*



body wt. grams.

Food consumption (grams/day) as a function of body
weight.

Figure 4]~



Granted that there are no significant differences between
littermate and non-littermate rats, and granted too that this is the
result of an accident of sampling, one would expect a greater variance
from the non-littermates than from the Iltterraates. Tested by the
variance ratio of littermates to non-litteroates, this was never
significant, but the writer has already referred to the difficulty
arising here from the small number of degrees of freedom available.

He has therefore examined the significant differences between the
means of the individuals within the two groups. The results of
this are in Tables 5 and 6*
Table 5.
The differences between the means of individuals within the littemate

group. The rats are placed in the order of magnitude of their means
and significant differences are marked with asterisks.

Kat order 2 3 4
Body weight (gms) Means 379.5 3@+ 7 331.3
Differences 14 _8** 33.4**
Rat order 4 3 2
Food consumption Means 21.3 15.2 14.6
(gms/day) Differences 6.1* 0.6
Rat order 4 2 3
Feeding time (mns Means 97.70 TA.61¢ 68.64
per day) Differences 23.06" 6.00
Hat order 3 4 2
Rate of eating Means 226.0 220.0 193.6
(mgms/mn) Difference 6.0 26 4=
Rat order 4 3 2
Number of meals Means U.57 10.64 8.21
per day Differences 0.93 2_.43**
Rat order 2 4 3
Duration of meals Means 9.74 8.59 6.55

Differences 1.15 2.04**
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The differences between the means of individuals within the non-

littermato group.

The rats are placed in the order of magnitude

of their means and significant differences are marked with asterisks*

Body weight (gir.s)

Food consumption
(gms/day)

Feeding time (mns
per day)

Kate of eating
(mgme/mn)

Number of meals
per day

Duration of meals

(mns)

Kat order
Means
Differences

Rat order
Keans
Differences

Rat order
Means
Differences

Rot order
Keans
Differences

Rat order
Keans
Differences

Rat order
Means
Differences

6 5
3*3._7 279.8
*43.9%*

5 6
18.6 16.8
1_8**

6 1
1(:1_*»5 8230
19.15**

5 1
273.7 184.3
89 .4**

6 5
14.50 9.93
*o .57
1 6
16.80 7.30
3.50**

2
245.5
34.3**
1
14.9
1_9**
5
68.1*t
13J6™*
6
164.1
2C,2
1
7.79
2.14%-
5
6.94
0.36

An examination of these two tables reveals that there are seven

significant differences between the means of the littermate rats and

ten between thooe of the non-littermates.

The writer does not feel

that this is sufficient evidence that, when we retain the null

hypothesis that there is no difference between the variance of

littermate and ncn-littermato rats, we are committing a type Il error.

On thr- basis of this experiment, therefore, there is no evidence

to suggest that dividing the rats on the basis of litters would

increase the efficiency of future experiments.

However,

the division
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of the rats Into littermates am non-litterraates is not ldeal and
further investigation should be undertaken.

dx&"iiinlng Tables 5 and 6 in search of correlations, one notices
in Table 5 that the order of rats under food consumption is the
same as that under the number of meals per day, while in Table 6,
the order is the same for two rats, but number 6 is out of place,
deferring to figure 46, we see at once that if there is a correlation
it is spoilt by the position of rat 6. This rat no doubt contributed
to the low correlation coefficient of 0.233* The writer therefore
computed the correlation coefficient, omitting rat 6, and obtained
0.4CG, with 68 degrees of freedom and a probability of a type 1| error
of less than C.01, although the figure itself is not impressive.
In an effort to test the matter further, the writer ignored the
division into littermates and ron-litterruates and arranged the six
raté in order of magnitude of their means for the two parameters

concerned (Table 7)*
Table 7.
The six rats placed in order of magnitude of their means for food

consumption and the number of meals per day. significant differences
are marked with asterisks.

Food consump- Fat order , 43 856 668 32 : 19 26
tion (gms/day) K?ans 1. 18. 16. 15. *t. 14.
Differences 2.7** 1.8* 1.6* Cc.3 0.3
Fat order 6 4 3 5 2 1
Number of K 14.50 11.57 10.64 9.93 6.21 7.79
meale/day eans - - - - - -
Differences 2.93** 0.92 0.71 1.72** 0.42

Had we chosen a group of rats on the basis of food consumption,

we would undoubtedly have chosen 3» 1» and 2 Had we chosen another.
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Daily food consumption (gms) as a function
of the number of meals per day.

Figure *t6.
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group based on number 3, the choice would not hove been very good,
nor, indeed, would a grou- baaed on number *-

The conclusion is the rather depressing one that there appears
to be no basis for grouping, even in an inbred colony. The reason
for this is that ve are measuring the temporal distribution of feeding
behaviour and the breeder could not possibly be expected to pair rats
on this basis. This raises the interesting question "If we performed
experiments using rats of betbs sexes and mated rats with similar
temporal patterns, could we introduce uniformity in this respect into
the offspring?” It is reasonable to suppose we could, since the
temporal patterns must be based on metabolic patterns which must
surely be influenced by genetic factors. By this means, an insight
into those factors controlling temporal behaviour patterns might be
obtained.

J-at number 6 is inter”.sting in that, it will bo remembered, when
dealing with the regressions (Table 3) *e found a significant negative
regression of the number of meals consumed per day by rat 6 in time.
It is therefore possible that rat C might ultimately have taken up
a more reasonable position in Table ?-

DRINKING BdH»VICUn.

Drinking behaviour is of less importance to the future experiments
than feeding behaviour, becoming of significance only when considering
the ingestion of dietary constituents provided in aqueous solution.

The water requirement of an animal is a function of the sodium chloride



ingestion and uncontrolled water loss* In this experiment the

sodium chlorice content of the diet remained constant and (Table 3)
the amount of food consumed showed no significant changes, with the
proviso that the measurement was not fully reliable. Thus the

water requirement of the six rats was a function of their uncontrolled
loss. The uncontrolled water loss is, in turn, a function of the
humid state of the atmosphere ana body surface, which we must presume
is measured by body weight. Table 3 shows that there was an increase
in the body weight of all rats throughout the experiment, but the
biggest rate of increase, that of rat 3, was 5*6 grams per week
which, with a rat having a mean body weight of 3oh .7 is less tnan

2 per cent per week. Thus the rate of increase in surface area was
small and the main factor controlling water loss was the humid state.
Although the rat room in which the apparatus is housed is temperature
controlled, there is no similar control over the humidity which varies
with two factors. The experiment started at midsummer, when the
incidence of thunderstorms and more general rain is high. The
humidity rises ahead of a thunderstorm and remains high for some

hours afterwards end there are days, sometimes preceding rain,when

it is high all the time. Superimposed on this is the entirely local
fluctuation arising from such proceedings as cleaning and sterilisng
of cages. These functions are normally performeu in a room constructed

for that purpose, opening off the rat room and equipped with an

extraction fan. despite the fan, Lowever, it would be unsupportable



for anyone to work in there with tanks of near-boiling water and
with the <;oor shut. The result is that the humidity in the rat
room rises on occasion to ICC per cent* however, on a Saturday
when such activities are rot inuul< cd in, a rex. rding hydrometer

showed that at midnight the humidity wee JC per cent. It rose

steadily until two o"clock in the morning, when it reached 60 per
cent, lolling to 53 per cent by k a.m, end then suddenly rising to

70 per cent by 5 o"clock. Thereafter, it fell to 5> per cent by

b a.m., rcse to 60 pier cent by 10 o"clock falling steadily thence

throughout the day and night tc reach per cent by midnight.

Is*-.

These very fscti rs which have a major effect on water consumption,

exert an equivalent effect on the evaporation of water in the troughs.

This must be borne in mind when interpreting the Tfigures on water

consumption and their relation tc drin! ing time.

The cylinder used for measuring the water was calibrated in

2. millilitre step,a, sc that the water measured into end out of the
water towers was estimated to the nearest millilitre. On each day,

water was first measured into each tower, and then, at the end of

the 2.k hours, the remainder was measured out. Thus, two errors

are possible on esch day and might either cancel out or summate,

a possible error of measurement of between zero and 2 millilitres.

Drinking time, like feeding time, was measured to the nearest

quarter of a minute.

The total drinking time can be subdivided quite logically into

giving



drinking at mealtimes, and drinking between meals. It is analysed
under ail three heads, total, at meals, and between meels.

for the sake of uniformity, drinking behaviour was analysed
according to the seme model as feeding behaviour, and It is not
surprising to find, in view of the feetore controlling water
requirement, that significant regression coefficients are the
exception rather than the rule (Table 8),

iable 8#

The regression coefficients cf fap parameters of drinking behaviour
on time and their significance#

regression hats
on time of 1 € 3 k 5 6

«ater con-

sumption -0.680 -0.755 -0.881* 0.039 -C.709 0.611
(mls/day)

Total drink-

ing time 0.27k -0,75" -C.162 0.133 0.266 -0,502
(mns/day)

Drinking time

at meals (;A59 0.098 -0.193 0.125 o.llk 0.022
(mne/day)

Drinking time

between meals -0.186 —0.777**= -0.046 -C.009 c.182 0.536*
(mns/day)

The significant regression coefficient for irat 3'3 water consumption
must be accepted with a certain axount of reservation, since the least
significant value at the 5 per cent level was Q,oky. The writer

prefers to leave the regressions of drinking time between meals for



188

the moment* As will be seen, he has doubts as to whether this
Is in fact a measure of drinking time at all.

An examination of the differences between the means reveals,
in the first place, that the bulk of the variation arises from
differences between littermates and non-littermates (Tabic 9)*

Table 9.

The littermate and non-littermate means with the former expressed as
a percentage of the latter. The asterisks indicate the significance

of the differences. The last column shows the coefficients of
variation (O),

H Wk es > 100 ¢

Water consump- 0
tion (mls/day) 19.45 19.76 98.4 18 .1%
Total drinking . pa o
time (mns/day) 9.73 13.23 73.5 _9%
Drinking time at

meals (mns/day} 6.03 10.66 75.5%* 23.0n
Drinking time

between meals 1.65 2.59 63.7* 93.9%

fmne/day)

looking first at water censusption, v.e recall the errors in
measurenurnt. The calibration of the measuring cylinder itself
introduced an error which could be rather more than Ib per cent of
the general mean. This is added to evaporation. The effect of
these is clear. in measuring food consumption with all its errors,
the coefficient of variation (root mean square for error as a percentage

of the general mean) was 10.59,-, while fer water consumption it is
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18.1%. This effectively robe the difference between means of
significance end makes the means themselves unreliable estimates.

The moral of this is clear; substances consumed in small
quantities must not be provided in aqueous solution. IT dilution
is necessary, it should be by means of mixing with some innocuous
substance such as cellulose flour. Some more accurate method of
measuring would be desirable. It might be possible to obtain a
measuring cylinder cf the requisite size calibrated in millilitres.
This will reduce the error involved in measuring the water remaining
at the end of the day by half. Measuring the water into the tower
at the beginning of the day should clearly be done by means of large
pipettes. Alternatively, if more accurate scales can be obtained
for weighing the food, it might be possible, if not to kill two birds
with one stone, at least to seriously frighten them by weighing the
water instead of measuring it. There still remains, of course,
the error arising from evaporation*

Turning now to drinking time at Reals, we hove a general mean
of 9*36 minutes per day per rat. With a mean number of meals of
10.M* per day, this gives the average drinking time ot one meal of
less than one minute (63.8 seconds). The maximum possible error in
estimation, with the paper speed used in this experiment is 1/8 of
a minute or 71 seconds, giving a percentage of 13«9 It will be
remembered that the motor is geared down to the TFirst gearbox by means

of a V belt end pulleys, with a ratio cf 3 to 1, This can, if necessary,
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be changed to one of 1 to 3» which would reduce this error to about
1.5 per cent* In a long term experiment of this sort, such a
speed would have practical objections. This error undoubtedly
contributes to the coefficient of variation of 23*0&, which contrasts
with the coefficient of variation of feeding time of 8.63%. This
difference arises from the fact that the average duration of a meal
is 8.32 minutes, which is about nine times the average duration of
drinking at meals* The coefficient of variation is not reduced in
proportion because there are breaks in feeding which increase the
error, and not the whole of the experimental error is accounted for
by errors of measurement. If at any time it becomes desirable to
reduce this error, it can be dene by increasing the paper speed.

When we come to drinking time between meals, we find a remarkable
coefficient of variation of 9Xx9"A>. Here the general mean is 2.12
minutes per rat per day. Thus the errors already discussed under
drinking at meals will be proportionately increased. There 1is,
however, another aspect of the matter. It will be seen, when we
come to consider random visits to troughs betwe n meals, that the
writer was looking for not only an end effect, but a difference between
troughs 1 and 8. He failed to find this difference, and his reason
for looking for it as well as his failure to find it is germalJLn to
drinking time between meals. It crises from the behaviour of the
rats.

bach rat was provided with a bowl in which to sleep. Rats 2,
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3, and 5 used these bowls regularly. Number 1 used it at the
beginning of the experiment but not at the end, and rat 6 never used
it. Kat 6 preferred to sleep in t corner at the back of the cage,
but rat 1 chose the corner near the drinking trough, and nothing
could persuade him that such was not a Desirable practice. However,
all the rats from time to time slept on the wire floor of the cage.
One muetpresume, though measurements were not mode, that these were
periods of high humidity and the rats were suffering from a thermal
crisis. He aoubt it woo eaesier to ditsipate heat stretched out

on the floor than curled up in the bowl. When they indulged in this
practice it was usually at the nuir.ber 1 trough end and rarely at the
number 8 trough end. borme consequences of this are to be seen in
Figure 2t, shere the rat took up such a position that the beam was
only partly obscured by its hair, the drift illustrated there occurred.
However, the rat might _.ove in such a way as to cut the beam completely
when the clean deflection seen to the left of the drift would occur.
Who is to say that this rat aia not get up and have a drink? Such
clean deflections ere counted ns drinking time. Had they occurred
at the number 8 end, and if number 8 trough was empty, as it was most
of the time, such deflections would h;ve counted as random visits.
Thus one would have expected mere random visits at the number 8 end
between meals than at the numb r 1 end. It speaks volumes for the
tendency of the rats tc slee,. at the number 1 end that the difference

between the number 1 and number 8 means is not significant. The



writer is of theopinion that the figures for drinking time between
meals are thoroughly unreliable and he doubts whether, in fact, the
rats did drink at all between meals. sthy this curious habit should
have developed is beyond the writer. It could be due to some trick
of air currents or to the fact that the presence of the water at that
end made that corner of the cage cooler than the rest* Whatever

the reason, the result will be entirely eliminated by protecting the
troughs*

Total drinking time, of course, includes this thoroughly
unreliable drinking time between meals. Thus iIn seeking some
correlation between drinking time and water consumption, only drinking
time at meals need be considered. Tho scatter diagram in Figure K?
shows that there is indeed some correlation, as one might expect,
but the low coefficient, albeit stableeically significant, is an
expression of the accumulation of the errors discussed above. Indeed,
it is surprising that it is riot worse.

Little, then can be learnt from the measurements on water

consumption and drinking time, but that little is important.

1. Aqueous solutions must be avoided.
2. When errors in measuring time must be reduced, the
paper speed must be increased. Irevision was made in

the design of the apparatus for this.
3. The need to protect the front of the troughs to avoid

accidexitol cutting of the light beam is emphasised.
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It remains only to comment on the fact that the mean drinking
time for littermate rate is lesu than that for the non-littermates.
The only reasonable explanation for this, in view of the hypothesis
put forward earlier that the main factor controlling water loss is
evaporation and that this is a function cf body size, is that there
is a familial difference in the rate oi drinking. In view of the
large errors involved In measurement here, it ie unwise to place
much reliance on these figures, and fruitless to make far reaching
deductions from them. Further, a statistical probability is not a
certainty, and this might be the 1 in a ICC chance indicated by the
probability at the 1 per cent level.

RAM-Oh WMI;-.IT.. TO TROUGHS.

The random visits to troughs are immediately and obviously
divisible into two groups, those occurring at meal times and those
occurring between meals. As these two groups appear to be of
different origin end have distinctly different characteristics, they
will be treated separately.

Fandom visits to troughs at meal times.

The question which immediately leaps to the mind is, "Are these
random visits ""mistakes"™ on the part of the rats?” IT they are,
then one would expect the performance to improve with practice. With
this idea in mind, the writer drew the graph in Figure ~8, calculating

the regression coefficient as described in the statistical section.
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The decrease in the number of random
visits to troughs at meal times as the week
progresses.

Figure Kt.
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Clearly the rate were improving markedly with practice. It is a
question, however, how far these random visits would go on decreasing.
Looking at the points for days 1, 2, 3. and k% one gains a strong
impression of curvilinearity, whereas the points for days 5 and 7
seem to pull the curve back to the straight. The point for day 6,
on the other hand, might well be conforming to a curved line*

This is a matter of some importance, since it is clearly
necessary to reduce this random activity to as low a level as
possible. Cne must know how long it takes for such visits to
reach a minimum before one can design the details of an experiment.
The time period must be longer and more rats employed.

IT these visits to the troughs are mistakes, how are they
distributed? The various comparisons made are summarised in

Table 10,
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Table 10.

The mean numbers of random visits at Real tin.es per rat per trough
per day, the difference between the means, and the probability of
committing a type 1 error (P). khere no probability is entered
in the last column, it is greater than 0.05 and the difference
between the means is not significant.

Comparisons Means Differences P less than
Adjacent to food trough 6*28

2.56 0.col
Other troughs 3.72

Between food and water troughs 4._44

-0,24

Mot between food and water it. 68

troughs

and troughs 4.86
0*56

Other troughs 4_.30

Food and water troughs 4.09
-0.46

Empty troughs 4.55

Food troughs 4—£3
0*08

Empty troughs 4*icC

It is immediately clear that there is a strong tendency for the
rats to put their heads into the tx*oughs on either side of the one
containing food* This can hat-pen at any time during the period of
eating, and it appears as if the rat, having withdrawn its head to
chew, becomes slightly disorientated and misses the food trough when
inserting its head for the next mouthful. If, as already appears
necessary for other reasons, partitions are erected between the

troughs so that the rat is in a short passage while eating, this type
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of mistake will be markedly reduced if not altogether eliminated.

The fact that there is no difference between the number of
visits paid to troughs between the food and water troughs and to
those not between, means, siraply, that when the rat moves from the
water to the food trough, the distance it moves is as likely to
fall short of the true distance as it is to exceed it, if, indeed,
it makes either type of mistake. Cn the other hand, on moving from
the food trough to the water trough, the rat makes no mistake.

The end troughs do not appear to attract the rat any more or
less than the middle ones. in other wcrds, the position of the trough
in the row is not, per se, a deciding factor in the number of visits
paid to it.

The food and water troughs receive just as many such visits
as the rest, suggesting that the distribution has a certain random
quality which is assumed in the term "random visits". The writer,
however, is not at all satisfied with his own assumption. In so
far as the water trough is concerned, there is no serious difficulty
since, as we have seen, the period of drinking is, on an average,
less than one minute, and during the rest of the meal random visits
can be and are paid to the water trough. The actual time spent
eating, on the other hand, occupies a much larger proportion of the
meal time, sometimes nearly all of it. A visit to the trough,

however brief, during this period of eating would by definition, bo
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counted as eating time and not as a rando® visit unless separated
fro® the eating time by a minute or more. This suggests very
strongly, and is indeed a fact, that the random visits to the feeding
trough occur at the beginning or end of the meal. It is as if,
before it eats, the rat is uncertain whether it wants tc eat or not
and sniffs at the food to find out, whereas, after it has eaten, it
ie uncertain whether it had had enough or not and sniffs the food
to find out. The writer has seen dogs do exactly that. That this
is not an invariable occurrence i3 shown by the fact that the average
number of such visits is far less than the average number of meals
per day (10.7). He can at present offer no suggestion as to why
it should happen on some occasions and not on others. Suffice it
to say that he is not certain that this is in fact random activity
in the strict sense. It might well h.-~ve a physiological basis.

IT the writer is correct in bis theorising, one would not
expect that the number of visits paid to the food trough would
decrease with the passage of time. Indeed, there right be ether
groupings of troughs which are not affected by the learning process,
and presumably these groupings would form the basic level of random
visits below which performance v.oule not improve with practice. In
order to gain some insight into this, the writer examined the regression
coefficients of various groups, virtually the same as those examined
for differences between the morns. The results of this examination

are given in Table 11
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Table 11.

The regression coefficients (b) of the various trough groupings
end the probability of com .itting a type 1 error in accepting
them (). where no probability is given, it is greater than
.03 and the regression coefficients are considered insignificant.

Troughs b F less than
Empty -0.6711 0.001
Kiddle six -0.6626 0.005
End two -C.C672

Number 8 -0.1331

Between food and water -0,6690 c.05
Not between food and water -0.7732

adjacent to food -C.7630 c.05
Food and water -0,1798

Food -0.2871

Water 0.0663

The rats were reducing the number of random visits paid to
empty troughs, and presumably this is the learning process.

Dividing the regression coefficient into its components, the number
of random visits paid to such a trough when it was one of the middle
six In the row decreased, but not when it was at the end. Thus,
although the means of visits to end troughs end middle troughs did
not differ significantly, they might have come to do so had more
time been allowed for adaptation.

The term "end two"™ in the table includes both 1 and 8. Trough
number 1 is the water trough and is therefore not empty. The writer
examined them separately. There was a slight tendency for the rats
to reduce the number of random visits to trough 8 which is statistically
insignificant, but no tendency at ell to reduce those to the water

trough. The number of figures contributing to the daily means of
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trough 8 were 12, as opposed to up to 72 for most of the others,
end thus the result must be treated with some reserve.

The rats were decreasing the number of visits paid to troughs
between the food and water troughs, but the decrease in the visits
to those not between was not statistically significant. There
was thus a tendency to "run short" when moving from food to water
or vice versa which was decreasing with practice and the difference
between the static means given in Table 10 might have become significant
in time.

The rats were decreasing the tendency to "miss" the food trough
and put their heads into the one next to it, clearly a case of
improving with practice.

when we come to the food and water troughs, we see a slight
tendency to decrease the number of "random™ visits, albeit statistically
insignificant. When they are treated separately, however, we have
a regression coefficient for the water trough which is clearly
estimating zero. The result of this is that the regression coefficient
for the food trough is somewhat greater than for the combination, but
still insignificant. The "t" for 5 degrees of freedom and a
probability of C.lI is 2.01", whereas the "t" obtained by comparing
this regression coefficient with its standard error is 2.G88. Thus
the chance of obtaining such a regression coefficient in a random
sample from a population which in fact had none is in the region of

1 in 10. Cne would be bold to the point of being foolhardy to suggest



that this regression is a reality. Bearing in Bind that the food
trough appears six times eo one of the "middle" group compared with
once as an end trough, one must suspect that this regression i6, as
the statistics show, fictitious. The water trough, on the other

hand is always an end trough and is not contaminated with the tendency
for the random activity in the niddle to decreaee. Whether, in the
case of these two troughs, we are dealing with truly random activity
or whether the phenomenon has a physiological basis cannot be decided
on the evidence available. It is something worthy of further
investigation.

From the point of view of future experimonts, it is desirable
that dietary components which are taken in small quantities should
not be placed in end troughs, and should be placed between those
taken in large quantities and the water trough, provided sufficient
time is allowed for the rats to accommodate to the trough positions.
Just how long that time should be cannot be deduced from these
experiments, but it is clearly longer than a week.

Random visits to troughs between meals.

There are certain very marked differences between the random
visits to troughs between meals end at meals. In the first place,
the general mean of visits between meals is C.83 visits per rat per
trough per day, contrasted with lu >l (Appendices XI and XII). In
fact, days can pegs without any such visits.

In the second place, the number of visits does not decrease with



time, the regression coefficient of -0.655 carrying a probability
of committing a type | error in accepting it of very near 20 per cent.
Thus we may say that this type of random activity is not subject to
a learning process.

The third difference lies in the results of comparing means.
Those which seemed relevant to the writer are set out in Table 12.

Table 12.

The mean numbers of random visits between meals per rat per trough
per day, the differences between the means, and the probability of
committing a type I error CI). where no probability is entered in
the last column, it is greater than 0.C5 and the difference between

W HO uivuiio A O HU w O if.h 1l XUCUIib o

Comparisons Keans Differences P less than
Food and water 1.517

0.654 0.ccl
iicpty troughs C.663
bnd two troughs 1.3~

0.691 G.0cl
Kiddle six troughs C.650
Nutrter 8 1.195

0.545 c.c01
Middle six troughs C.650
Number 1 1.5C0

c.850 c.ccl
Middle six troughs 0.65¢
Number 1 1.5C0

0.305
Number 8 1.195
Adjacent to food C.592

0.217
Next but one to food 0.365
Food troughs 1.134

0.471 0.01
hmpty troughs C.663
Food trough when not 1.¢c70

number 8 0.01

Lmpty troughs when not 0.581 0.489 )

number 6
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In the first place, the food and water troughs receive core
of these visits than do the empty troughs, and the visits are
concentrated on the end troughs. One naturally asks whether this
is because they are the end troughs or because one of them is the
water trough. The water is in number 1, but the number of visits
paid to the other end trough, number 8, is significantly greater
than those paid to the middle six, as is the number paid to number
1 itself. Further, there is no significant difference between the
number of visits paid to numbers 1 and 8.

In view of the discussion of drinking time between meals, this
is surprising. Assuming that troughs 1 and 6 are subject to the
same hazards and that visits approaching or exceeding { of a minute
to trough 1 would be counted not as random visits but as drinking
time, one would have expected that the number of random visits to
trough 8 would be greater than those to trough 1. This is not so.
This fact can be interpreted in two ways: either the drinking time
between meals is genuine drinking time, or trough number 1 is exposed
to greater hazards than trough number 6. In view of his observation
of the rats, the writer favours the latter interpretation, though
he admits that there is no proof. We can, however, state with
confidence that in the random visits to troughs between meals there
is a pronounced "end effect".

Continuing with our consideration of position effects, it is

interesting to observe that the random visits to the troughs next to



the food trough do not exceed those to the troughs next to them.

A similar, though not identical comparison made when examining random
visits at meal times, yielded a highly significant result. This
difference between the two types of visit tends to confirm that such
visits made while the rat is eating are genuine mistakes.

In comparing the number of visits paid to the food and water
troughs with those paid to empty troughs, we obtained a highly
significant result, but, in view of the end effect, which affects
trough number 1, it is necessary to examine the food trough alone.
This is done in the last comparison but one in Table 17?. Here we
see that although the difference between the means and its significance
are less, the significance is still sufficient to give confidence
that the rat is paying occasional visits to the food trough. However,
on one occasion in seven the food trough is number 8 which is subject
to the end effect. In an effort to avoid this, the writer made the
last comparison in the table, in which he eliminated trough 8 from
consideration in arriving at the food trough and empty trough means.
The result is not materially changed. The food trough therefore
receives more attention than do the empty troughs.

Reverting to the regressions, and remembering his experience
with those pertaining to random activity at meal times, the writer
wondered whether the lack of significance of the total regression
arose from the dilution of one significant result, or from two

regressions of opposite sign. He therefore calculated the regression



coefficients for the grouping in Table 12 end estimated their
significance. Be obtained the rather curious result that, whereas
all the coefficients had negative sign, none was significant. This
result is curious because one would expect that in a series of
groupings which are samples drawn at random from a population having
zero coefficient, the "partial” coefficients would vary about zero,
that is, some would be negative and some positive. This induces

in the writer’s mind the notion that had the number of rats been
larger, and the period of one week extended, some or all of these
coefficients would have become significant. Cne cannot comment
further on this. Additional experimentation is needed.

Cne is entitled to speculate on the nature of this random
activity. It would appear, on the face of it, to be a manifestation
of some sort of play, as if the rat, in its nocturnal cavortings,
occasionally pokes its head into a trough, for no better reason than
that in some obscure way it derives "fun'" therefrom, and, granted
this much, it would not be surprising if the food trough, which has
some meaning for the rat, would attract it more than the others.

In addition to this, there is the possibility of accidental cutting

of the bt.7an, and this might veil be more marked at the ends of the

row of troughs than in the middle. With a general mean of less than
one visit per rat per trough per day, one might imagine that protecting
the troughs would reduce this activity almost to zero, but it is

dangerous to be sanguine about this. The protection might well



reduce the ""end effect', but rate ]ike entering tunnels, and
so eight find these visits to troughs tore fun under protection
than when there is none. Should this prove to be the case, it
would seem to be advisable to provide the cages with some tunnels
in which the rats can play, and which night even be used as a means
of estimating activity.

Consideration of these visits between meals serves to emphasise
the importance of not putting dietary constituents taken in small

quantities in the end troughs*
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SUMKARAT AN ¥ CONCLUSIONS.

1. The author has described a somewhat elaborate piece of
apparatus which was designed to monitor the feeding behaviour of
rots which ere presented with a choice cf several feeding troughs.

The apparatus does what it was designed to doj it gives a record

of the temporal distribution of feeding behaviour. It can be

improved in minor ways, such as affording protection to the troughs
end possibly some system of tunnels which might induce the rets to
play in some part of the cage where they do not interfere with the
troughs. A certain lack of reliability was revealed. Consultation
with a meffiber of the staff of the Department of Electrical Engineering
suggests that this is due to certain faults in the electronic circuits.
A new circuit has now been designee with a much greater difference
between the on and off positions and thus with a greater safety
margin.

2. By attending to the rats at the same time every day, one
tends to induce in them a bout of feeding at that time. This might
interfere with their metabolic pattern and feeding behaviour for some
time afterwards, and it is proposed to conduct experiments aimed at
eliminating this artefact.

3. The mean time spent eating in a day is not related to the
mean body weight, but there is a suggestion that feeding time of
individuals might increase as their body weight increases. This
might be related to the state of obesity and is worthy of further

investigation



4. The time a rat spends eating is not related to the amount
of food it eats because it tends tc change the rate of eating. In
fact, the tim.e spent eating correlates well with the rate of eating*
There seems to be a mechanism in operation which is independent of
the _.nechanism controlling the daily feed intake.

% There is a strong suggestion that the number of times a
rat eats in 2K hours is fixed end highly characteristic of that rat.
When s rat changes the time it spends eating, it dees sc by changing
the duration of its meals and not their number. There might be
exceptions to this but there ie no evidence to suggest under what
circumstances they might occur. It is proposed to attempt confirmation
of this iule, and to relate it to the pattern of the animal®s
carbohydrate metabolism,

6. The means of the different parameters of feeding behaviour
are the same for littermate rats ad. these net related. This could

be an accident of sampling and does riot necessarily mean that there

would be rc difference between litters. This warrants further
investigation.
7. The possibility of breeding rats according to the temporal

distribution of their behaviour has been mooted.

8. The d..to on drinking behaviour are unreliable but might
be improved when the tr; ughs ore protected and more accurate means of
measurement are introduced, but the problem of errors introduced by
evaporation will remain. This means that dietary components must

sot be in aqueous solution.
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9. The number of random visits paid to troughs at meed times
tends to decrease with the passage cf ti.:.e, but the week, allowed
between trough changes was not sufficient for these visits to reach
their minimum. This suggests a learning process. The time that
must be allowed fcr this type of activity to reach a minimum must
be determined.

10. Hot all types of visits to troughs at meal times are subject
to this decrease and right either be strictly random or have a
physiological basis. Further experiments are necessary to establish
which is true.

11. The safest place to put dietary constituents which are taken
in small quantities is between those taken in large quantities and
the drinking trough. The end troughs should be avoided.

12. The random visits paid to troughs between meals do not
decrease and are therefore not subject to a learning process. The
total regression coefficient had negative sign and so had all the
"partial" coefficients, suggesting that had more rats been used or
had the time been longer the finding of this experiment might have
been reversed.

13* These random visits tend to be most at the end troughs.

Such an effect might be reduced by protecting the troughs but the
finding serves to emphasise the danger of using end troughs for dietary
constituents taken in small quantities.

Ik, where there is food in one trough only, the rat tends to pay

visits between meals to that trough more than it does to empty troughs.
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APPENDIX 1

Body weight (grams)*

Hats

Weeks 1 2 3 4 5 6 Totals Means
1 233 360 338 318 267 3C0 1816  302.7
2
3 240 375 360 336 280 322 1913 318.8
4 252 380 370 330 284 322 1938 323.0
5 250 386 368 332 288 328 1952  325.3
6 250 390 372 334 290 330 1966  327.7
.
8 248 386 380 338 290 340 1982  330.3

Totals 1473 2277 2188 1988 1699 1942 11567

Means 245.5 379*5 364.7 331*3 279.8 323.7 321.3



APPENDIX 11

Pail} food consumption (grams)*

6

a w

m e

P -

1 k Huts Totals

© both

8 n 2 3 4 5 6 samples Means

1 1 1k 16 18 20 16 18
Z
3 15 19 15 22 22 18
4 1k 17 18 22 19 15
5 15 13 15 20 17 16
6 16 18 18 22 20 18
7 15 13 14 22 20 14
8 13 12 11 22 18 16

z 1 20 12 18 20 16 14 202 16.83
Z
3 17 16 15 21 20 21 221 18.42
4 16 16 14 25 18 18 212 17*%67
5 16 13 17 18 18 17 195 16.25
6 12 14 12 20 21 18 209 17.42
7 13 13 14 19 20 15 192 16.00
8 12 12 14 25 16 17 188 15.67

Totals 208 204 213 298 261 235 1419

Means Ik.36 14*57 15.21 21.29 18.64 16.79 16.89



Totals

Means

Telly food consumption (grams)

Days
1 2 3 k 5 6
198 211 202 192 208 207

16.50 17.58 16.83 16.00 17.33 17.25

201

16.75



O T W0
QX O 0D =

7

3

65.25

84.25
&S.5C
87.25
90.75
94.75

86.CO

65.75

65 .CC
58.00
92.75
85.75
70.25

73 .cc

Totals 1152.25

Means

82.30

APPENDIX

feeding time (minutes per day).

50.25

68.25

97.25

94.75

95.75

74.75

74 .50

47 .00

73.00

84.00

94.75

107.75

70.00

74 .50

1104.50

74.64

pP.ata

62.25

74.25

64.50
82.00
61.00
70.60
62.75

53.75

61.50

67.75
64.75
72,25
70.cc

74.25

961.00

68.64

62.50 62.25

1C3.25 76.25
88,50 64.75
103.75 68.50

96.00 67.75

107.75 69.50

96.cc  66.00

76.75 62.25

87.50 70.25
96.25 62.CC
107.50  77.25
111.75 76.50
102.00 69.50
1C6.25 61.25

L367.75 954.00

97.70 68.14

6

93.75

113.00

104.75
105.75
106.25
99.25
100 ,5C

95.00

112.75
107.25
114.50
98.75
98.50
85.25

1434 .25

101.45

Totals
OGbil
samples

318.75

993.25
1023.50
1113.50
1068.25
996.25
960.25

6973.75

222

Means

68.23

82.77
85.29

92.79

89.02
83.02

80.02

83.02



Totale

Means

reeding tiase (nrdr.utes per day)

Days
1 2 3 4 5
L003.50 973.50 1041.73 982.25 960.25

83.62 81.13 86.12 81.85 80.02

6

7

977.75 1034.75

87.48

86.23



OO

o =T >S90

[EEN
—

7

8

Totals

Keans

215

178
156
171
176
158

151

3C4

246

163
173
1l4c
185
164

2580

ATFUIDIX 1V

Rate of eating (mgme per minute).

318

278
175
137
188
174
161

255

219
190
137
132
186
161

2711

Rats
3 4
289 242
202 213
279 249
183 193
295 229
200 204
175 229
334 254
244 240
207 260
20 167
166 179
200 186
189 235
3163 3c8c

184.3 193.6 225.9 220.c

257

289
293
248
295
288
273

257

285
290
233

275

288
261
3832

273.7

192

159
143
151
169

141

159

147

186
169
148
182
152

199
2297

164.1

Totals

vUbft

Samples Means

3064

2739
2574
2141
2426
2362
2357

17663

255.3

22s.2

214.5

176.5
202.2
196.8

196.4

210.3



Kate of eating (ragts per silnute)

Days
1 2 3 5 6 7
Totals 25C6 2692 2385 2A3D 2712 2576 2361

Means 2C8.8 oo~f.3 198.8 202.7 226.0  2oH».7 196.8



226.

APPTcKDIX V

The number of meals per day.

S
a W
B o
P 9 Rajs
1 k Totals
w 8 both
6 1 2 3 4 5 ]_ 6 samples Means
I 1 9 8 12 14 10 18
2
3 7 10 11 12 12 14
7 8 9 11 10 14
5 7 8 9 11 11 14
6 8 10 9 10 9 14
” 9 7 10 12 8 12
8 9 8 13 9 10 18
2 1 9 9 10 14 10 20 143 11.92
2
3 6 8 11 10 10 11 122 10.17
4 7 9 11 11 9 17 123 10.25
5 7 8 14 11 12 14 126 10.50
6 7 8 10 13 10 12 120 10.00
7 8 6 10 13 8 12 115 9.58
8 9 8 10 11 10 13 128  10.67
Totals 109 115 149 162 139 205 877

Keans 7.79 8.21 10.64 11.57 9.93 14.50 10.44 |



The number of meals per day

Days
1 2 3 k
Totals 122 12 131 133
Keans 10.17 10.33 19.S2 11.Co

5 6
121 129

10.03 10.75

177

.75

227.



S

a W

3 -

p e

1 k

€ 8

fi 1

11 7.25
2
3 12.0=
4 12.79
5 12.46
6 11.34
7 10.53
8 9.56

2 1 7.31
2
3 11.50
4 14.00
5 13.25
6 12.25
7 8.78
8 8.11

Totals 151.17
Keans 10.80

AI-TONDIX VI

The average duration of r.«els (minutes)

Eats
2 3
6.28 s5.19
6.82 6.75
12.16  7.17
11.84 9.11
9.58 6.78
10.68 7.00
9.31 4.83
5.22 s5.38
9.12 5.59
9.33 6.16
11.84 6.05
13*22  7.23
11.67 7.0c
9.31 7.42
136.38 91.66
9.74 6.55

5.89

8 .6¢c

9.60
8.98

10.67

5.62

8.60

9.66
120.22

6.22

97.

.35

.48

.23

.53

-89

.44

.65

-69

.13

14

-94

6

5.21

8.07

7.59

8.27

10.25

8.18
8.23
8.21
6.56
102.18

Totals

samples

70.54

100.86

105.51
112.15
109.60
106.35

93.74

698.75

Keans

5.89

9.34

9.13

8.86
7.81



The average duration of ireale (minutes)

Days
1 z 3 4 5 6 7
Totals 1C1.49 99.08 102.68 94.02 ©55.31 96.46 108.71

Means 6.46  8*26 8.56 7.84 8.03 8.04 9.06



APPENDIX VII

Water consumption (mis per day).

S
6 w Kata
m 9
p €
1 k Totals
il
e 1 2 3 4 5 6 Samples Means
i 1 21 20 20 18 22 18
2
3 20 2% 20 20 28 26
4 18 22 18 20 19 20
5 18 14 20 20 24 24
6 20 20 17 24 16 20
7 18 22 21 18 18 20
8 14 14 16 16 24 22
2 1 1k 18 30 19 22 30 252 21.00
2
3 19 24 20 30 26 18 275 22.92
22 15 20 12 18 22 226 18.85
5 16 14 22 22 18 22 254 19.50
6 16 20 14 20 22 18 227 18.92
7 16 14 21 24 18 18 228 19.00
8 10 14 18 22 16 19 205 17.08

Totals 242 255 277 285 291 297 1647

Means 17.29 18.21 19.79 20.36 20.79 21.21 19.61



Totals

Means

1
226

12.83

Water consumption (Mis per day)

2 3 k 5 6 7

258 221 M 237 23 212
2150 18.92 2033 19.75 2025 11.7s



O ¢ —mT 3 ¢ h
O X ¢ 0=

7

8

Totals

Means

APPENDIX

Vi1

Total drinking time (minute6 per day)*

7.00

10.50
12.75
13.75
12.00
11.CO
10.50

9.00

13.00
12.00
10.25
9.50
ic.50
12.25
154.00

11.00

9.25

10.50
11.25

7.75

10.25
9.50
7.00

13.25

17.75
9.75
7.75
8.00
8.co
7.00

137.00

9.79

12.00

9.50
9.25
9.c0
6.75

11.50
8.50

12.00

11.50
9.50
8.75

11.50

10.00

139.00

9.75

10.CO
8.50
10.50
9.50
8.75
8.50

9.00

9.25
1c.50
10.75

9.00
11.75
132.50

9.46

11.

14.

13.

14.

75

25

50

50

8.25

14.

13.

11.

12.

14.

17

14.

14.

16.

00

32

75

75

Co

-CO

75

00

Co

188.82

13.49

6

13.75

20.75

13.25
14.75
21.25
21.25

15.00

12.25
15.25
15.50
10.25
19.00
13.00

212.75

15.20

133.

145.

134.

138.

125.

148.

139.

964 .

Totals
Toth
Temples

50

25

50

25

50

ocC

07

07

Means

11.12

12.10
11.21
11.52
10,46
12.33

11.59

11.48



Totals

Keans

Total drinking tine (mir.utes per day)

Days
1 2 3 k 5 6 7
127.25 y>2.32 137.50 154*50 13450 155.00 133.co

10.60 11.86 11.4*6 11.21 11.212 12.92 11.08
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7
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Totals

Means

APPENDIX

IX

Drinking time at meals (minutes per day)*

12.25

12.25

11.00

10. cc
8.75
6.75

7.75

8.50
8.50

115*25

8.23

6.co

9.00

8.5C

9*25

7.00

6.25

7.75
5.25

6.50

100.25

7*16

kats

10.25

8.25

5.00
8.50

7.75

10.CC

5.50

10.50

7.50
8.00
112 5¢

8.c*+

9.25

1C.Co
8.50
9.50
8.25
8.50
8.50
8.25

6.50

9.25

11.25
125.50

8.96

11.75

10.00

10.75

6.25
10.50
12.13

11.75

10.50
9.75
12.25

IN.75

1C. 50

13.25

155.88

11.13

13.75

16.25

9.00
10.50
12.75
21.25

15.00

12.25

15.25

10.50

11.50
11.50
176.75

12.63

Totals
Both

Samples Means

111.25

lic.75
113.75
106.25
107 .co
113.00
125.13
389.75

.27

.23

N2

ic.A3

.36



Drinking time at meals (minutes per day).

Days
1 2 3 k 5 6 7
Totals 102.CO 115*13 109*50 116.75 98.75 127.50 116.50

Weans 8.50 9.59 9.12 9*73 8.23  10.63 9.71
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Totals

Means

3.50

1.75

2.00

3.75

3N.75

2.77

3.25

1*50

2.75

39.25

"2.Co

AH-3JJiBIX X.

Rats

1.25

4.25
0.50

1.CO

0.25

1.00

0.25

0.75

0.25

0.75

C. 50
6.00

0.43

33.94

Drinking time between meals (minutes per day)*

6

4.25

4_25

5.00

0.50

1.50

36.00

2.57

Totals

Saraj lee

22.25

18.25
20.75
32.00

18.50
36.00
13.94

177.94

Means

2.87?
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Cringing time between neals (minutes jer day).

Days
1 c 3 k 5 6 7
Totals 2V.25 27.19 29.00 17.75 35.75 27.50 16.50

Keans 2.02 2.27 2.kzZ 1./~8 2.98 2.29 1.38
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Food troughs are underlined.
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Sample 1
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1 2
12 2

days

Weeki

80

32
86
51
27

512 7 6 6 1 2
€1l 7 5 2 3 6 6
2 2 3 5 7 2 6 5
2 7 4 5 9 1it1l5 11
0 , 2 1 1 2 3 it

2

1 7
0O O
it 2

it
923 2 24 9
5

™ ©

1

- N~

~ o =

4 13 11

M AN~

N M OO

38

it

5 2 0 2 2 2 2

5 2 0 2 o 2 2

79
77
16
90
i

80
52

b

3

B m O

—

—

N
NN HO NO
nNn EH
MmN n nE

MmN

o N 0 -

ook 0 ©

ot

©O~N<SO ™o

—

LA LWL od

~ o mo

N O~ o
~ AN

OMH®© ~NO
—

~E mo ~&

M~ < M
—

AN MX DO ~

133

5ht 7 3

6

6 35 26 37
3 9 3 0

76

it 11

2

1

1 6 3

2

1 2 2 ¢

125
39
I
41
22

2 nhom
~NEx
N N O
—

-~ N O
™ ool
0 <
.I [0) 7o)

EE o

iti6 7 21
2 6 2 0 2 2 2 6

10

< © O
—
N o M
M- NN
AN~ N
N—= O O
i
- © 8

o E m

© « ~d

om®E bo ~

106

510 6

7 9 it
1

8
7

it

89

819 7 [
3 2 6 2 5 212 d}

it

6

1
1

3 9 3 0 6

2

65

6

1

it 5

in wrong troug

2 3 1

h

food

it

8
28
54

Mo m
B Eo
N M AN
NN
— oo
O 1n
MmO N

- 0O

3 3 2 3 7 111
9 7 6 3 2 3 5

1

79
57
125
20

0~

Iit 18
1

M m

“ MM

~o R
oo md
0 Mo

~NE G o

N~ AN

N N

© ™©

—
- OLO
—100
m 41O
N O
O.Il
© O

N0 ©



239.

The number of random visits to troughs at meal times.

Sample L Sample 2
Troughs Troughs
Weeks days 1 2 3 * 5 6 7 8 1 2 3 = 5 6 7 8 Totals

7 % 0 1 217 * 2 2 2 611 81210 815 > 109
310000 013 1000001y 10
4 7 7 3 * 6 1 1t 2 7 x * 10 2 1 56
5 1 C102 269 101022¢49 *
6 8 210 2 2 3 9 1 2 1 3 2 C 2 * 60
7 2t 001 0 21 2 2 21 017 5 33
8 1 *6 10 * 2 5 7 29
2 missing values 3 310 * = 0 9 26
3 35 00>22010 57 107 119 55
* * 8 g 1 2 1@ *6 * 8 8 1 2 * * 6 6™
5 1 , 0 1 0 o 1 3 2 6 7 121 8 711 72
6 3 7 9 32* 6 713 2 3 3 6 1 1 0 3 83
7z 012 0 1200 7 11
2960

Days Totals Number Means

1 625 12 52.08

2 *72 11 *2.91

3 *30 12 35*83

* 365 11 33.18

5 3*8 12 29.00

6 *01 12 33.*2

7 2*8 12 20.67

Mean number of visits per rat per day *........ 33*30

Mean number of visits per rat per trough per day *e*!
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The number of random visits to troughs between meals*

Sample 1 Sample 2
Troughs Troughs

Weeks days 1 2 3 k 5 6 7 8 1 2 3 k 5 6 7 8 Totals

7 1 01 2 11 1 1 2 k2 000000 16
2
3 k k 1.2 00 0 2 k * 11 00 0 2 2k
k 2 2 2 3 ko 0 4 0o o C1 0 o0 o0C 15
5 6 0 0 0 0 0 > 6 0 c 0 C G o 1if 26
6 1 2 0000¢co0 26 C 3020 1 17
7 0O1 0 0 0 0O 0O C O O0OO0Ow& ¢co0TCO0O 1
8 1 5 i 6 2 0 0 5 7 26
2 missing values 2 2 0 0 G 0 0 1 5
3 0 000 1 211 k Ko j 5 00 1 20
k 1 0 0 0 0 ¢c 2 2 1 0 0 c 0O O 2 2 10
5 C 0310010 21 C00O0<¢c¢c G G 8
6 1 0 0 0 0O ¢c 0O CcC 1 0 ¢c 0O G O C 2
7 C 1 05 00 1 3 9
550
Days Totals (lumbers Means
1 137 12 11. 2
2 50 11 Ne55
3 86 12 7.17
if 66 11 6.00
5 93 12 7.75
6 61 12 5.08
7 57 12 ne75
Mean number of visits per rat per day ....... 6.67

Mean number of vists per rat per trough per day 0.83



