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Chapter I.
SCOPE OF THE INVESTIGATION.

Over the last few years a great deal of information has been
obtained on the different mechanisims whereby small mammals
maintain thermal balance in cold environments, The )
physiological adjustments that take place to acclimation (exposure
to a constant temperature in the laboratory) and acclimatization
to cold have recently been reviewed at the Internatio gymposium
on Cold Acclimation Fed. Proce. 22 No. 3 1964, These studies have
been confined mainly to the white rat and the Norway rat exposed
in the laboratory and outdoors to cold temperaturese. Few attempts
have been made to investigate genetic differences in the possible
adjustments that take place on exposure to cold within any one
species of mammal,

The amount of data concerning the mechanisms whereby small
mammals adjust to high temperatures is small. Again, no attempts
have been made using small mammals to investigate genetic '
differences in the response to high temperatures within any one
species,

The present study was designed to investigate the possibility
of differences in response of four strains of mice to high and low
temperatures, The factors studied were:-

Te Body Temperatures,

2e Body weight and tail length and the relationships
between these two factors.

Se Tail weight.
k, Hair weight.
Se Pelt weight,
6. Total body fat.
e Abdominal fat.
8« Food intake.
Differences in the adjustments to temperature treatments in

the four strains were considered likely to show as differences in
some or all of these more easily measured factors,

If such differences were found to occur between the four’
strains this should then provide a basis for more detailed studies
of their genetic and physiological basise.
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Chapter II.
REVIEW OF LITERATURE.

A, INTRODUCTION.

Scholander etal, (1950) has shown that it is technically
possible to have several types of adjustment to cold. This,
Scholander etal. have illustrated by reference to Figure I,

In this figure the level of metabolism of an animal is plotted
against the temperature of the environment,. The body temperature
is T at which temperature the metabolism is A, Initially, as
the environmental temperature is decreased, the metabolism remains
constant. The increased tendency to loose heat being compensated
for by an increase in the effective insulation of the animal,

At B the limit to this increase is reached and if the environmental
temperature is lowered below this critical value, the body
temperature can only be maintained by an increased rate of
metabolism which then rises along line BC, At C the maximum

rate of heat production is reached and so the temperature Li
represents the lowest temperature tolerated by this individual.

If the maximum insulation that an animal is able to bring
into operation is increased, perhaps as a consequence of
acclimation to cold, then the body temperature can be successfully
maintained, without an increase in the metabolic rate, down to the
environmental temperature of Bi instead of only B. As the
temperature of the environment is further lowered, the metabolism
rises along the line BiCi,

In this example the maximum metabolic rate of the warm
acclimated animal is taken te be the same as the maximum
metabolic rate of the cold acclimated one. However, because of
the greater insulation in the cold acclimated animal, it is able
to tolerate a lower environmental temperature, Lii, than does
the warm acclimated animal, Alternatively acclimation to cold
could lower the minimum temperature tolerated without change in
insulation by raising the maximum metabolic rate which is possible,
that is, by extending the line BC to D. The latter adjustment,
metabolic acclimation, does not involve a change in the slope of
the line relating metabolism to environmental temperature nor does
it affect the critical temperature. When insulative acclimation
occurs, both the slope of the line and the critical temperature
are altered, .

The theoretical considerations of Scholander etal. (1950) show
two possible ways that acclimation to cold can occur, In the
review to follow, evidence will be cited that shows that both
metabolic acclimation and insulative adjustments to cold can ogcur
but that the type of acclimation depends to a large degree on the
climatic condition prevailing.

The theoretical considerations of Scholander etal., (1950)
for acclimation to cold can be extended to include the theoretical
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adjustment that may occur in a hot environment. This can be
shown by reference to Figure II,

The line AB represents the thermal neutral zone for the
animal at which the body temperature is T,@t C the upper limit
at which body temperature can be maintained at a normal level is
reached and if the environmental temperature is raised above C
then death will result as the animal cannot maintain a normal
body temperature. Below the point C heat loss is sufficient to
compensate for the additional heat produced by the increased
metabolic rate. However, at temperatures above point C the
avenues of heat loss are not sufficient to dissipate the additional
heat and so body temperatures begin to rise causing a larger
increase in metabolic rate and then this process is accelerated
until death results, Therefore Ly represents the maximum
environmental temperature tolerated by this individual.

If the animal is able to extend the upper limit of the thermal
neutral zone to Bj perhaps as a consequence of acclimation to
heat then the metabolic rate will not start to increase until after
temperature Bj is reached.

In this example the maximum metabolic rate tolerated by the
unacclimated individual is taken to be the same as the maximum
metabolic rate tolerated by the acclimated individual,. Because
the upper limit of the thermal neutral zone has been extended the
warm acclimated animal can efficiently dissipate the increased
heat produced up to a maximum environmental temperature of Lii.i.e.
The metabolic rate rises along line Bi Ci to Di. If the avenues
of heat loss in the unacclimated animal can be increased then it
would be possible for the animal to tolerate the.metabolic rate
at D and therefore tolerate the environmental temperature Lii also.

Hart (1957) has pointed out that the amount of data concerning
the responses, including acclimation to heat in small mammals is
not very great. However, the experimental data concerning the
adjustments made by small mammals to hot environments will be
discussed in the review.

B, Physiological Aspects of Adaption to Cold.

I. Temperature Induced Changes.

Acclimation to cold has been demonstrated by Hart (1953),
Sellers etal,1(1951) and others, who have found that chronic
exposure to cold le& to a marked increase in the ability to
survive at low temperatures. The energetics of this phenomenon
were clarified when the oxygen cgnsumpgion of thg deer mice
accligated to tgmperatures of 10°C, 20°C, and 30 C wereomeasured
at=-11"C and -22°C. (Hart 1953). Mice acclimated to 30 C, while
showigg an inigial oxygen consumption equal to those acclimated
at 20°C and 10°C, soon showed a fall in oxygen consumption and
died. Those acclimated to 20°C maintained a high oxygen
consumption for a longer period but ultimately died. Mice
acclimated to 10°C maintained a higher metabolism for the duration
of the test. When the oxygen consumption was examined at



different temperatures (-30°C to +30°C) absolutely no differences
were observed in oxygen consumption in warm and cold-acclimated
animalse. The cold-acclimated mice, however, were able to respire
at higher rates and at lower temperatures than intermediate or
warm-acclimated mice.

Examination of the temperature metabolism curves for the
white rat revealed an additional phenomenon not seen for dger
micee These curves showed that the heat production at 30°C as
well as that at any lower temperature is greater for cold-acclimated
animals (Heroux etal. 1959). Since the curve for the cold-
acclimated rats is higher than and parallel to that for warm-
acclimated rats the additional heat produced cannot be considered
as contributing to the capabilities of the organism to increase
heat production in response to a cold environment, It is the
energy cost of acclimation that does not aid dlrectly in survival
in the cold, but does aid in maintaining the perphery at a warmer
level (Heroux 1959) «

The development of cold-acclimation requires a period of time,
usually estimated to be from two to six weeks by various authors.
During this time there is a gradual increase in cold resistance
(Hart, 1953), an increase in food consumption (Cottle and Carlson,
1954, Sellers etal, 1954), and a reduced rate of growth (Cottle
and Carlson, 1954, Heroux and Hart, 1954, and Sellers etal. 1954),
There is also an elevation of peripheral temperatures of rats and
rabbits (Heroux, 1959)0) a decrease in shivering thermogenesis
and an increase in non shivering thermongenesis (Sellers etal.
1954, Hart etal. 1956 and Cottle and Carlson, 1956). Concomitant
increases of va vascularity of ears of rats (Heroux and St, Pierre
1957, Heroux, 1961), reduction in subcutaneous fat (Page and
Babineau, 1953) and the general reduction of overall insulation in
most species (Hart, 1957), signifying the wasteful aspects of
metabolic acclimation in which metabolic energy is used in the
establishment of enhanced peripheral heating,

It is now well established that chemical thermogenesis (non-
shivering thermogenesis) replaces the physical thermogenesis
(shivering thermogenesis) during the process of acclimation to
cold. According to Davies (1963), in the unacclimated rat:
exposed to cold, total cold-induced heat production consists of
50% shivering and 50% non-shivering thermogenesis, Throughout
the:: period of acclimation to cold, total heat production remains
unchanged but the 50% shivering heat production is gradually
replaced by non-shivering heat production, Therefore by the end
of the acclimation period total heat production is by non-shivering
thermogenesis,

The site of origin of heat production by non-shivering
thermogenesis in the acclimated animal is still a matter of
contention. Sellers etal. (1954) observed a decrease in the
electrical activity of the the muscle of cold acclimated rats exposed
to cold as compared to warm acclimated rats similarly treated.
These observations were further extended by Heroux etal. (1956) who
made simultaneous measurements of the total oxygen consumption and
electrical activity of the muscle in anaesthetized cold-and warm-



acclimated rats exposed to cold. The cold-acclimated rats gave

a greater metabolic response with hardly any muscle action
potential being recorded. Cottle and Carlson (1956) showed that
curarized (causing blockage of the nervous system) cold-acclimated
rats not only could increase their oxygen consumption but could
maintain almost perfect thermal balancg when the environmental
temperature was slowly lowered from 30 C to 6°c.

Much emphasis was placed by many workers on the observation
of You and Sellers (1951) who showed that liver slices of rats
acclimated to cold showed a greater v’ - oxygen consumption than
did liver slices of rats acclimated to a warmer temperature. Weiss
(1954) later confirmed this increase in oxygen consumption but
also demonstrated that other tissues, the muscles in particular,
showed this same response.

The work of Depocas (1958) on the eviscerated rat and Davis
(1963) on denervated muscle in the dog suggests that muscle in its
non-contracting state is an important contributor to non-shivering
thermogenesise Denervation experiments with rats (Hart and
Jansky 1963) and dogs (Davis 1963) suggest that non-shivering
thermogenesis is primarily mediated at the local site by humoral
means., This, according to Davis (1963) does not exclude the
neurohumoral mechanisms, which may be operative at the more proximal
sites. Chatonnet (1963) has illustrated the processes involved in
the change from shivering to non-shivering thermongenesis by the
follqwing diagram:

Shivering thermogenesis

‘Nervous system

\/!

Thermogenesis from less

{
d
e
efficient muscular activity
% Hormones (Noradrenaline)

\/

True chemical, direct

thermogenesis,

A lot of evidence has accumulated over the last few years
which tends to confirm that noradrenaline is the mediator of non-
shivering thermogenesis. Hseih and Carlson (1957) showed that
cold-acclimated rats were remarkably sensitive to the calorigenic
action of noradrenaline, This report was confirmed and extended
by Depacos (1960), Hannon and Larson (1961), Johnson and Sellers
(1962) and Schonbaum etal, (1962). Despite the rather obvious
_implication-of this noradrenaline action in the cold-acclimated
animal, relatively little is known concerning the anatomical site
or the biochemical mechanism which supports the increased rate of
energy metabolisme. The only information concerning the possible
site of the added heat production is found in a report by Depacos
(1960), which showed that noradrenaline calorogenesis is
accompanied by a very rapid rise in liver temperature, Indirectly
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adipose tissue between the cold reared and control reared mice.
There was also a significant reduction in extractable fat in the
A2G strain when exposed to -308 but no gifferences were found in
the C57BL strain exposed to -3 C and 21°C, Thus in the C57BL
males there was little or no change in total growth on cold
exposure and total body fat remained unaltered when compared to
control mice reared at 21 °C. Their heat production in the warm
environment was higher than that of the A2G males but in the cold
it was lower. From these results Barnett etal. (1959) has
concluded that the ability to lay down substantial amountsoof fat
is irrelevant to the ability to adjust metabolically to =3°C
provided that there is an uninterrupted food supply and a supply
of bedding materials.

D. Body Growth and Metabolism in a Hot Environment.

While there is a large amount of literature dealing with the
responses, including acclimation of humans to heat, data
concerning the smaller mammals are scanty as Hart (1957) notes.

It is now well established for man that the ability to
withstand high temperatures (temperature above the thermally
neutral temperature) is determined in part by previous experience
at high temperatures, Thus acclimation to heat in man does occur.
(Prosser 1958). This acclimation is manifested for example by
the maintenance of lower body temperatures, lower pulse rates, and
readier sweating under standard exposures, conditions and activities
of heat stress.

As far as heat production is concerned, Bazzett (1949) was
satisfied that acclimation to high temperatures in humans results
in a reduction of the amount of heat produced. This is difficult
to establish as Bazett points out, because total heat production
includes that from muscular exercise and an individual transferred
to a hot environment typically lowers his total heat production by
reducing voluntary movement to a minimum,

According to Beattie and Chambers (1953) the basal heat
production of rats exposed to heat is reduced and the reductions
may persist for several months. Prosser (1958) has observed that
both deer mice and lemmings greatly decrease voluntary activity at
high temperatures which decreases the heat load of the individual.

Barnett (1956) has shown that in a warm environment mice
minimize the use of such heat conserving devices as huddling and
thick walled, well built nests.

Fleischner and Sargent (1959) showed that heat (3500) retards
the growth ratesof male rats compared to controls at 24 C, They
showed that growth was retarded for about the first 20 days of
exposure and then proceeded at a rate comparable for controls up
to at least 50 days of exposure, |

als

Young and Cook (1955) exposed female and male/%o 3500 for a
period of 4 to 5 months respectively and at the end of the exposure
period no difference was found in bodyweight between the control
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twice a week and the results showed that in the cold the rats
exhibited a marked hypothermia for approximately the first 30

days then their rectal temperatures rose to levels only slightly
below control levels. In the hot environment the rats
continuously maintained rectal temperatures higher than the controls.
After the cross over to the different environments cold rats
transferred to the hot environment showed a progressive rise in
rectal temperatures. The control rats transferred to the heat
maintained a constant rectal temperature intermediate between that
of the cold rats in the heat and control rats in the control
environment, Hot rats transferred to the cold exhibited a marked
hypothermia of 20 days duration and the thermal equilibrium was
established at temperatures closé to those for cold rats prior to
Cross.

From these results Fleischner and Sargent (1959) have
concluded that cold acclimation sensitizes the rat to heat,
whereas heat acclimation neither seriously impedes nor accelerates
the development of cold acclimation.

G Tail Length and Body Weight Relationships.

Many workers have now shown that both Body Weight and Tail
Length are influenced by the environmental temperature at which
the mice and rats are reared. (Harrison etal, (1959), Harrison
1963, Chevillard etal. (1963), Cockrem (1964),) Harrison (1959)
has shown that the tail apparently acts as an efficient heat
radiator, and suggests that a mouse reared at a high temperature
will develop a long tail as an adapting mechaniem. Harrison
(1958) showed that mice from which the tails had been removed at
21 days of age were less heat tolerant than normal mices. From
this work it was suggested that the longer tail of the heat reared
mice with their larger surface area, absence of hair, rich vascular
supply and multiple arteriovenous anastomoses, functions as an
important heat regulatory structure.

At any one temperature and within a single strain there is a
close positive correlation between body weight and tail length
(Falconer 1954).  According to Harrison etal. (1959) the
functional reason for this correlation is that a larger animal
required both a longer balancing organ and a larger heat radiator.
Harrison etal, (1959) further suggests that the dependence of tail
length and body weight at different temperatures could well be due
to a difference in the relative importance of these two functions
of the tail.

There is no evidence in the literature to suggest that a
large animal would require a longer balancing organ, Indeed it
is more likely that the weight of this balancing organ is the
important factor, not its length although a longer, if not necess-
arily a heavier tail would give the tail better leverage.

Whether or not the heavier weight of the longer tail is sufficient
to compensate for the heavier body weight is not known,
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The importance of the tail as a heat radiator would depend
upon the relative efficiency of the total surface area of both
skin and tail as a heat radiator though it is likely that the
tail would dissipate more heat in unit time per unit area than
does the skin surface of say the back per unit time per unit area,.
The mouse of high body weight would be producing less heat/unit
surface area than a mouse of low body weight., (Fowler 1962).
Therefore it appears unlikely that a mouse of high body weight
would need a longer tail for dissipation of extra heat,

Cockyrem (1964) exposed two strains of mice, one of high body
weight with a short ta%l andothe oth%r low body weight with a
long tail, to either 7 C, 21°C or 32°C for the period from 3 weeks
to 6 weeks of age. Results show that the high body weight-short
tail strain showed the lesser tail length response to heat in both
males and females., This result differs from that of Harrison etal.
(1959) who showed that the short tailed strains showed the greater
tail length response to heat,

In the cold environment a long tail would presumably be a
disadvantage unless there were compensating associated
physiological mechanism such as extreme vaseconstriction. Cockrem
(1964) showed that.both the long tailed and short tailed strains
showed a similar increase in tail length in the cold and the
slightly longer absolute length of the long tailed strain was the
result of differences at the start of the experiment.

Body weight was less-in both the high-body weight-short-tail
and low-body weight-long-tail strains in the cold but was not
affected by exposure to a hot environment. Cockrem (1964) has
concluded that in terms of adaption to the different environments,
tail length does not appear to have been of importance. Harrison
etal, (1959) have shown that the weight of young heat reared mice
usually increases more rapidly than that of their control-reared
litters mates but at later ages, particularly during the period
of sexual maturity the latter typically grow more rapidly.
Harrison etal., (1959) further showed that the magnitude and
direction of the environmentally determined responses was
dependent upon the genotype of the animals,

Chevillard etal. (1963) has also showed that rats reared in
the hot environment show an early acceleration of growth. After
60-70 days of age the growth rate, as measuredby body weight,
proceeds more rapidly in rats at 30 C than in those at 500.

This also applied to tail length growth with an immediate
acceleration of tail growth rate in rats at 30°C and a slowing
down in those at 5 C in comparison to controls at 20 C.

H. Conclusion Drawn from the Survey of Literature.

I Adjustments to Cold.

It appears that different methods of adjustment to cold take
place when small mammals are exposed to a constant low temperature
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Chavpter ITII

HATERTALS AND HMETHCDS

Ao Zxperimental Animals

Four strains of mice were used in the study. These were:i—

1. ICa. Bigh body weight, short tail,
2o LOB. Low body weight, long tail.
3. BT L. Long tail Himalayan.

4,  HMTS. Short tail Himalayan.

These four strains of nice are maintained by Dr. Cockrem
at Massey University of Hanawatu.

Lo IC Strains

Cockrem (1959) has described the establishment of the LC
strains, These were thes result of intercrossing the inbred
lines 101, CS57BL and CBA obitzined from the Animal CGenetics
Section, Commonwealth, Scientific and Industrial Research
Organisaiion, Sydney. All possible reciprocal crosses wers
made and the resulting progeny were intercrossed. Selection
was started on the mice from the second intercrossing, and was
made from all mice of the first litter in each generastion with
the only restriction neing the avolidance of sib matings. Males
and females were selected separately and two litters were bred
from each mating.

Selection was made on the deviation of the zctual body
welght at six weeks of age from the expected wvalue. The
expected body weight was estimated from the observed length of
the tail by use of the regressien of bedy weight on length of
tail. Lines for positive andnegative deviations were sélected
and for the first three generations the resréssion used was that
calculated frem the litters of previous generations, Subsequent
selection has been by use of the regmssion within the first thrse
generations of the positive and negative lines, Regressions for
males and females were calenlated separately (Cockrem 1959),

liice used in the experiment were obtained from mice not
needed for breeding in generation 18. These mice were mated at
random and their male progeny used in the study.

2e HMT Strains

These two strains were obtaired by crossing Himalayan mice
{ch) obtained from Jackson Memorial Laboratory, Bar Harbour,
Maine, with each of the %wo L.C. strains, The progeny of each
eress were then lontercrossed within each c¢ross and selected for
tail length.

FKice not reguired for breeding in generation 10 were mated at
random to supply male mice for the experiment,



B. HMethods
I Feed Intake.

During the duration of the experimeants (21 days) the mice
were fed once each day on a diet of one part Butter milk powder
and twe parts whole meal flouz. The food was given to the wmice
in a small jar placed in a large flat dish to c¢ollect spillage.
it each feed time the feood not eaten was separated from the
faeces and sawdust which had accumulated in the dish and jar
and weighed to the nearest 0.2 gr. This feed was then dis-
carded and replaced with fresh food, Mice of 2& days of age
were originally fed 2.5gms of foed each per day but that was
found to be insufficient and the amount was increased to 3.5gms
per daye.

1x Body Temperature Measurecments

Body temperatures were taken with a Copper-Constartan
thermocouple, inserted per rectum %o a denth of 3Zecm into the
colon. The temperatures were recorded by means of a Phillips
duntomatic Compensator Recorder (Model PR.3210 4/00). £
reference couple was kept in a vacuvm Flask containing ice and
water, £11 couples were made by soldering the ends of the two
wires together for a length of approximately 1 millimeter. For
body temperature measurements two channels of the recorder were
interconnected to give two recordinge of body temperatures 2
seconds apart, Temperatures were recorded to the nearest 0.17C.

The mice were held by the tail with the fore-feet resting
on a wire grlid aad the hind feet ir the air. According to
McLaren (1959) mice in this position maintain their colenic
tenperatures constant for several minutes, but if they azre held
by the tail and the scruff of the neck in an immobilized position,
thelr temperatures tend to fall,

The couple was inserted per rectum to a depth of 3cm.
Approximately & seconds aslapsed before the temperature was
recorded by the recorder and this recording was followad 2
seconds later by a second recording,. The rouse was then
returned to the cage and another one taken by the tail and the
above procedure repeated,

ITT Environments

The mice on the experiment were reared In one of three
environmental temperaiures. These weret=

1, Hot 30°C.
2o Contro% 21009
Do Cold 77C,

The cold environment was obitained ir a converted nilk
cocler refrigerator which hag a nearly even temperature throughe-
out,; the variation belng * 17C, It was found necessary to supply

14



the mice living in the cold environment with bedding and cotton
wool was supplied for the first seven days of exposure. The
cotton wool was removed from all strains after the seventh day
except the HMTS strain which would not survive: unless cotton
wool was present at all times.

the 21°C. is the normal temperature at which the mice are
reared, while 30 C. was obtained by placing the cages on a
thermostatically controlled hot plate which had a variation of

+3°¢,

All experimental mice were kept in steel cages and
supplied with water ad lib. :

Iv Carcass Analysis

The mice were killed with chloroform and the pelt removed
from the body, but not the head, the pelt being cut off behind
the ears., Once removed from the body the pelt was stretched,
with the hair uppermost, on a board where the hair was clipped
off. The hair and pelt were then weighed separately to the
nearest milligram. The tail was then removed from the body
and this was also weighed to the nearest milligram.,

The gut was then excised and all fat was dissected free
from the gut and weighed to the nearest milligtam, Food was
then washed from the gut. The pelt, tail, gut and abdominal
fat was then returned to the carcass and the whole was frozen.

To determine total body fat the frozen carcass was cut into
small pieces and rolled in filter paper (Flux. per. com.). This
was then freeze dried. The ether soluble material of the whole
carcass was extracted in a Soxhlet extraction for a period of
six hours using petroleum ether (B.P. 40 - 60°C) as solvent.

After evaporation of the ether the residual was weighed and this
fraction was taken to represent total body fat. Small quantities
of non fatty acids e.g. cholesterol, which may be present in the
residue as well as fat have been ignored in the analysis.

C. Experimental Design

Two major trials were carried out. In the first trial
body temperatures were measured every second day for the
duration of the treatments while in the second trial carcass
component studies were made.

As the mice became available, they were weaned at 21 days
of age and placed in cages for three to four days, to allow them
to become adjusted to any effects of weaning. On the third or
fourth day after weaning, the mice were earmarked, weighed and
the tail was measured for length.
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Trial 1

The mice were then randomly allocated into one of the
three treatment groups. Strains were kept separate and a
minimum of two mice and a maximum of five mice were placed in
each cage. The mice were then reared in metal cages. on sawdust
for the twenty-one days of the treatments, Cotton wool was
supplied to the cold treatment groups for nesting,. This was
removed after the seventh day of treatment for all strains
except the HMTS strain which would not survive the cold treatment
unless cotton wool was present at all times,

Food and water was supplied ad lib.

Body temperature of all mice were measured every second
day for the duration of the treatments and body weight and tail
length was measured at the finish of the treatment,

Trial 2

The mice were randomly allocated to one of four groups.

a) Hot
b) Medium
¢) Cold

d) Control

The control mice were killed at twenty-four days of age,
and the following weights recorded for each mouse: live weight,
tail length, tail weight, pelt weight, hair weight and abdominal
fat weight., Total body wWedl .t was determined also.

The other three groups were placed on their respective
treatments for twenty-one days. During this period feed intakes
were measured once per day, and body weights were measured on days
1,243,6,9,415 and 21. At the end of the treatments the mice were
killed and the weights as above were recordéd.

D. Statistical Methods:

The methods of analysis used were the analysis of variance
and the analysis of cavariance.

I Analysis of Variance

Even subclass numbers were present in the carcass analysis
trial, and therefore for each characteristic studied the usual
methgods of analysis of variance were used. That is:=

Xij =0+ ﬁj + eij

where Xij = the individual observation
¢ = the general mean
.= the treatment effect
eij = the error term (independent and normally distrib-
uted with zero man and constant variance assumed).
i= 1l to 3and j =1 to 4.



For body weights, tail lengths, and body temperatures
in the first main trial however, uneven subclass numbers were
present, Therefore the method of analysis used was that of
fitting constants described by Snedicon (1959, Fitting
constants leads to an unbiased estimate and test of interaction
if it is present. If interaction is not present in the
population, the estimates and tests of the main effects are
unbiased, The constants are the valves A and B in the model.,

a‘
Ijk = Art xﬁ +[§j + eijk

where Xijk = the individual observation

A = the general mean

;< = treatment effect.

B = Strain effect.

eijk = random error (assumed to be independant and
normally distributed with zero mean and con-
stant variance).

i = 1l¢to3

b = 1toh

II Covariance Analysis:

(a) Introduction

Because of the differences in body weight between the
subgroups both at the start and finish of the treatment cov-
ariance analyses were used to adjust the weight of the
characteristic for body weight. Heroux (1958) has discussed
the use of this and other techniques in the analysis of weight
of an organ or other part of an animal body in relation to
total body weight. Quoting from his discussion.

'When the weight of organs or other parts of an animals
' body are studied in relation to the weight of the body itself,
the use of fractional weights (organ weight expression per unit
of total body weight) involves the assumption that, normally,
the part is directly proportional to the whole. If the part
is large, such as a muscle mass, the assumption is satisfactory,
but if it is small the assumption is weak, For instance, it
would appear that, in a pair of rats; one of which is twice as
big as the other, the heart can be expected to exhibit the same
2:1 ratio, But this violates elementary principles of
biological growth. Perhaps the best assumption is that organ
and body weight have a constant differential growth rate, i.e.
if Yis orgenweight and X is body weight, the allometric equation
Y = be or log Y = a + blogX
holds., In many situations in which the range of values is
fairly harrow, no information is lost, and computational time
saved, if the logorithmic weights are replaced, by the absolute
weights in the second, linear form of the equation, i.e.

Y =a2a + bX

This leads to the following procedure: Estimate the
constant b for each homogeneous group of animals, and use it to
adjust the group mean organ weight to allow for differences in

7R



group mean body weight,. In effect, this partitions the
obeerved organ weight differences into (i) a component

directly attributable to intergroup treatment differences

and (ii), a component associated with body weight differences".
Unquote.

The form of the covariance analysis used was:-

Yij -,a+q\ - +5 xij + eij
where Yij the individual observation of the dependent
variable.
AX the general mean.
A the treatment effect
V-4 the slope of the common regression line in the
Xij

population.

the deviation of any independent variable from
the total mean.,

the error term (assumed to be independent and
normally distributed with mean zero and
constant variance),

1l te 3

1 to &,

eij

-
J

(b) Procedure

& geparate covariance analysis was firstly carried out
for each strain. Then if the slopes of the treatment
regression lines showed no heterogeneity a more complete set of
analyses were carried out as follows:-

i) An analysis of strain differences with treatments
pooled, was carried out to test the slopes of the
strain regression lines, If the slopes showed ne!
heterogeneity then the adjusted means for the strains were
tested for significancee.

ii) An analysis of treatment differences with strain
pooled, were then carried out to test the slopes of the treat-
ment regression lines. If the slopes of the treatment re-
regression lines showed no heterogeneity then the adjusted
means were tested for significance.

iii) An analysis of within strain and treatment
differences was carried out to test the slope of the within
strain and treatment regression lines. If these showed no
heterogeneity then the adjusted means were tested for sign-
ificance.

This set of analyses allowed the estimation of the strain
X treatment interaction term between the adjusted means.
However, this term could only be estimated if the slopes of the
strains, treatments and within strain and treatment regression
lines showed no heterogeneity.

LY
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FIG. 1l

BODY WEIGHT

Fligure III: Four possible regression settings for
body weight and tail length relationships.



The interaction term therefore was estimated as follows:-

Interaction SS = Strain and Treatment SS - (Strain SS +
treatment SS)

6daf = 11 af - (24f + 3 df)

This interaction term was then tested against the within
strain and treatment residual mean square for significance,

(c) Interpretation of Results of the Covariance AnalIEis

The interpretation of the results from the covariance
analyses can be illustrated by references to Figure III in
which two compared sets of hypothetical body weights and
tail lengths under two di#ferent treatments are shown in four
possible regression settings. In graph (a) no differences
were present between either the slopes of the regression lines
or the adjusted means. Therefore, the two sets have the
same regression line and no treatment differences were present.
In graph (b) no differences are present in the slopes of the
regression lines but the adjusted means are significantly
different. Therefore, the regression lines aremmrallel,
Treatment differences were present between the two sets and
the animals within each set have reacted similarly to the
treatments. ‘

In graph (¢) and (d) two situations are shown in which
the slopes of the regression lines show heterogeneity; that
is, the regression lines have different slopes. Therefore
treatment differences are again present but these differences
have been arrived at in a different manner than in graph (b).
In graph (c) mice of higher body weight in set (I) have made
a greater tail tength response to the treatment than have mice
of lower body weight in comparison to set (II), considered
here to be the control set. 1In graph (d) however, mice of
lower body weight in set (I) have made a greater tail length
response to the treatment than have mice of higher body weight
in comparison to those in set (II).

(a) Presentation of Results of the Covariance Analyses

The manner in which the results of the covariance
analyses are presented depended on the results obtained.
The results are presented in three ways.

i) If in the analysis of the treatments within each of
the strains the slopes of the regression lines showed
heterogeneity then the residualmean squares for each strain
are presented separately in the results,

29



ii) If no heterogeneity was present within eech strain
pukt was present between sirains or between treatuents (i.e. see
Procedure ii), viiil}.) then the residual mean squares for
regression coeffecients, and adjusied means were presented for
strains, treatment; and within strains and treatwments,

4ii) TIf no heterogeneity was present between the sloves
of either the strains, treatment or within strain and treatment
regression lines, then only the residual mean squnares for
adjusted means are presented in the results the interaciiocn term
was also included in these results.

Unless otherwise stated, all significant differences are
ot § g
D L%,
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Chager IV
PRELIMINARY TRIALS

A, Introduction

Two preliminary trials were carried out to find the most
suitable time of the day at which to measure body temperatures
of mice and to establish how often it was necessary to measure
body temperatures over a period of days to obtain repeatible
resultse.

Hart (1950) has shown that there is a definite diurnal
metabolic cycle, He was able to show that the peak of metabolic
activity occurred at or about midnight while the metabolic
activity was at its lowest at middaye. It is now well
established that body temperatures of many animals show a
diurnal rhythm and that this rhymth follows closely the metabolic
cycle of the animals, Hart (1950) showed that there was
considerable variations in the metabolic cycle between mice but
that the metabolic activity was always greater during the hours
of darkness than during the daylight hours. For this reasomn it
was decided to investigate the body temperature cycle of the
A B and L strains from 9,00 a.m. to 4,00 p.m. (N.Z., time) to
establish the period when body temperatures were least variable,

McLaren (1961) has shown that the repeatibility of body
temperatures of mice over a period of days depends to a very
large degree on the strain of the mice, She showed that mice
of the C3H strain had a greater degree of individual consistency
of body temperatures over a period of ten days than did mice of
the C_.BL strain. For this reason it was decided to investigate
the dggree of variability of body temperature of mice of the
fonc - strains A, B, L and S oveyld period of 16 days.

B, Experiméntal Design

As the mice became available they were weaned at 21 days
of age and left in cages for 3-4 days to allow them to become
adjusted to any effects of weaning, On the third or fourth
day after weaning the mice were ear marked and placed in metal
cages. Food and water was supplied ad lib. Strains were
kept separate and a minimum of 2 mice and a maximum of 5 mice
were placed in each cage.

Trial 1:

Twenty male mice of each strain (A, B & L) were used in this
trial. Body temperatures of these mice were measured every
second day for a period of 8 days. The time that any one
mouse being measured was randomly selected from times of 9,00 a.m.
10,00 a,mey 11,00 aem,, 12,00, 1.00 p.m., 2.00 peMey 300 pome
and 4,00 p.m,
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Table 111,

Means & Variances for

Body Temperatures,

LCA LCB HNTL
Time HMean Variance Mean Variance Mean Variance
9000 Elalle 3?01 0911 36.9? 0?55 3?92 0258
10.00 a.me. 37.2 « 181 372 + 529 3740 « 560
11,00 2em. 3761 . 378 36.9 «233 26.7 784
12,00 375 « 173 3647 s 131 3761 « 596
1,00 peme 371 198 37.7 o151 37:3 356
2,00 pela 35.8 o137 378 o 154 3743 6531
3900 p;me 5609 a580 3?1;6 0219 3?0"1‘ 0624
11-.00 Pelile 3?01 e080 3?:'{!‘ 0431{' 3?a2 0514
Table IV, Analysis of Variance of Body temperatures.
Source 4af M5
Strains a 0650
Tines s 0?2
5 xT T 0,98 **
Brror 217 D43
Preliminayy Trial.
Table V. Means & Variance for Body Temperatures on Day 1, &, 9, 10, 15 & 16,
LCa LGB HMTL HMES
Day Mean Variance HMean Variance Mean Variance Mean Yariance
1 37.0 480 37.2 «298 373 » 396 3763 0 2hl:
b 37.2 272 371 0219 373 0153 B0 2235
g 264 « 207 36.4 0224 36,7 - 185 37.2 . 354
10 377 0 274 36.9 24 36.9 254 36,9 » 161
15 3649 . 237 36,6 0212 37.0 0370 36.8 s 110
16 37.2 412 373 o111 371 .20k 36.6 » 151
Table VI. Analysis of Variance for Body Temperatures on Days 1, %, 9, 10, 15 & 16,
Source af HMS
Strains % Q.27
Days 5 T80
S xD 15 Ta13 **
lice within
5% D 53 0,07
Days within
nice 380 0.29
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rial T1:

Twenty mice of the three strains A, & and 5 were used but
one mouse in each strain died. Tweniy two mice of the L strain
were used as three died, Body temperatures of all mice were
measured on days 1, &, 9, 10 15 anéd 16 at z time each day that
denended on the resulits of trial I, Results for all mice
dying were discarded.

Ce Results

Trial 1:

Table III shows the means anpd variances of body temperatures
of the three strains at hourly intervals. Figure IN. shows that
there iz no regular pattern in any of the three sirains or
between strains,. In the B strain body temperaiures aprear to
rise during the morning and decrease during the afternoon while
in the L strians body temperatures avpear to rise slowly during
the day. In the & Strain,; however, there was a large rise in
vody temperature between 12,00 apnd 1.00 p.m. The body tenp-
erature of the B strain 4o not then zppear to follow the decline
in metabolic rate during the hours of daylizht as shovm by Hart
(1950), In the L. and A. strains, however, body temperatures
may be following the metabolic cyele as shown by Hart (1950},

Phe variances for body temperatures show a very similar
pattern in the three strainsa The variances decrcase during the
morning and then increase again in the afternoon, Because
variances were lowest at 1Z.00 all subsequent measurements of body
temperature were taken between 12,00 and 12,30 n.ms (N.Z, time),

Table IV shows the analysis of variance for the body
tenperature This shows a significant strains x, time inter-
action which would suggest that the strains are reacting
differently during the day in body temperature and this iz shown
in Figure I.

Trial 11:

Table V shows the means and variance of body temperatures
for the four strrins on days 1, %, 9, 10, 15 and 16, These are
shown in Figure 7, This shows that guite large fluctuations in
body temperature occurs within a strain over a period of time.
This was less so in the 3 strain which showed a slow decline in
body temperature over the 16 days. In the other three strains
{L, B and L) there was a decline in body temperature over davs
i, & and 9 and then body temperatures rose again, The extend of
the decline wes similar in these three strains, d.e. 0,8°C. for
L strain, 0.6°C. for the B strain and 0.6°C. for the L Strain,
while between day 1 and day 16 the S strain reduced body temp-
erature by O,?OCe



Table YI shnows the analysis of variance for body tenp- 53
erature on the & days. This shows a significant strain X
days interaction which would suggest that body itemperatures
in the four sirains have not followed any regular »attern
between the strains.

From these resulis, body temperatures in the following
experiments were measured a2t least once every second day
between 12.00 and 12.30 peme .



Table VII. Number of Hice Completing the Treatments and Number of lMice Dying
in each Subgroup for the First Main Trial.

HisTL TS LCA LCB

Hot Living 19 13 27 2%
Dying 2 3 2 3

Hed. Living 15 10 20 19
Dying 0 2 2 1

Cold Living 20 14 24 20
Dying 10 10 16 26

Table VIII. Means and Variances for Body Weight and Tail Length at the Start
of the Treatments for all HMice Completing the Treatments.

HMTL HMTS LCA ICB
Body Weight (grams)
Hot Mean 12.6 10.4 13.6 11,8
Variances [6.051 4133 4,960 5.431
ted, Mean 1146 Tie3 12671 1.0
Variance 3006 L, 364 L bos %o 104
Cold Mean 12,9 10.8 4.3 12,7
Variance 3. 784 5,102 5717 2.2h2
Pail Length (cms)
Hot Hean 7ol 562 6.6 7e5
Yariance 0 359 03121 + 135 ¢ 301
tied. Mean 6.6 Bokt 6.0 6.8
Variance » 178 0111 » 190 JHO3
Cold Yean 76 Selt 6.5 7.5
Variance 271 0079 « 2713 1270

Table IX, Analysis of Variance for Body Yeight and Tail Tenpgth at the Start
of the Treatments for all Mice that Completed the Treatments,

Body Weight Tail Length
Source df. Mean Square Mean Square
Strains 3 65, 353%* 36,043
Treatment 2 Lo, 195** 5. 300
Interaction 6 6,245 L, 380%*
Individuals 22 L, ho2 229
Table X. Mean Body ‘Vieight of all Mice Dying.

HMTL HMTS LCA LCRB
Hot a3 1046 12.5 10,7
Med. - 8.4 11.0 11.0
Cold 11.8 1065 12.5 11.8
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Table ZI. Chi Sguare Analysis of Number of MMice Dying in the Cold Treatments,
Strain Chi Sguare Probability of Difference
ot
HMTL 2819 7«75 <650
HMTS 0784 7 «5 T.25
LCA 9,260 7 005
LCB 3,469 > 210 < (05

Table Xil.

+++ Probability of mice dying had body weights below the mean body

welght for all mice in the cold treatment groups.

Means and Variance

of the Treaiments.

for Bedy Weight and Tail Length at the Finish

Body Weight (gms)| HUTL HMTS LCA LCB
Hot Mean 21.8 17.6 21,1 1769
Variance 5,382 7403 9,327 2,652
Med. | Hean 20.8 19,4 2261 19,8
Variance 2,794 o111 15,716 1 L,022
Cold | HMean 190 15,7 20,k 17671
Variance 5,594 5,853 8.736 L,ohd
Tail Length (coms)
Hot Mean 9.6 7o3 8o 9e1
Variance 0 107 0163 « 296 « 197
Med. | Mean 8e3 6.5 7ol 8.2
Variance . 146 2071 155 o 174
Cold | Mean 8.2 59 7e 8,1
Variance « 547 » 193 .295 0276

Table XIII, Analysis of Variance for Body Jeight and Tail Length at the Finish

of the Treatments.

source | ilean square lesn Square
Strains 3 168 12%* 52,930
Treatment 2 87.90** 30.180
Interaction 6 104792 0 562%*
Individuals 212 6.5%2 0221
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Table XIV,

Table XV,

Table XVI.

Mean Body Weight at the Finish of the Treatments Estimated by

Fitting Constants.

HMTL, BMTS LCA 1CB
a b 1.18 =7.87 1,81 -1, 14
Hot .18 20,8 177 214 18,4
Med, -1.07 21,61 18,6 22.3 19.3
Cold 1.26 19.3 16.3 19,9 17,0

Covarlance Analysis for Final Body Veight adjusted for Iniiial

Body Weight,

Source ai Regidual M.S.
Strains

Error 216 56,2858
Reg. Coefficient 3 19, 5903**
Within Strains 219 6.4680
4djusted Means 3 76,0302
Treatments

Error 218 5.4034
Regression Coefficient 2 265952
Within Treatments 220 5.4720
Adjusted Means 2 220.3733**
Strains & Treatments

Error 200 k. 5490
Regression Coefficient 11 6.5146
Within S & Ts 211 4,6515
Adjusted Means 11 60, 2844 *x

Caovariance Analysis for Final Tail Leungth Adjusted for Initisl

Tail Lengihe
for each Strain.

(Residual HMean Squared,)

{Between Treatments

HUTL HMTS LCA LCB
Source df [ R.M. 8. df | R.M.S, d# | R.M.S. df | R.M,S.
Error L8 | 1152 31 .1001 65 | 1387 56 | £1027
Reg. Coef. 2} ,97h6** 21 .240h 2 | 23055 2| hio6*
Within 50 | » 1496 331 ,1100 67 | 1437 58 § 1136
Adj. Heans 2 | 12,5051 26,7691 2 |5.5312%* 2 15,7668
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Table XVII. Covarilance Analysis for Tail Length at the Start and Finish of the
Treatmenis adjusied for Body VWeight at the Start and Finish of the
Treatments Respectively.

START FPINISH
Source ar Residual .8, Residual M,.9,
Strains within
Treatment Pooled.
Reg. Coef, 3 14360 1.0174
Error 216 - 1298 « 3876
Adj. Means 3 32.7106 37,4952
Within Strains 219 » 1467 63962
Treatments with
Strains Pooled.
Reg. Coef, 2 05187 . 2034
Error 218 5752 07142
Adj. Means 2 1,9171% 21.5774
Within Treatments | 220 . 5747 » 7096
Strains & Treatme
entse
Reg. Coef, 11 3. 3561%% 0509
Error 200 o« 1056 0 1579
Adi. Means 11 9.5852 15. 1926
Fithin 8. & Te 211 0 1176 <1523
Tnteraction 6 71,9130 *

Table AVIII. Tail Length at the Start and Finish of the Treaiments idjusted to Initial
Body Weight of 12gms. and Final Body VWeight of 20gms. respectively.

Tail Lengthadjusted to 12gms Body Weight Tail length adjusted to 20gms
Body Veight.

HMTC HMTS LG4 { LCB HEMTL | HMTS] LCA] LCB
Hoto 7.0 Belt 641 7.6 9,4 7.5 8.0] 9.3
Med. 67 55 6,01 7.1 8o 6.6 7.21] 8.2
Cold. 7.2 S.h 6.21 7.3 8.3 6.3 7.11 8,3
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The analysis of strains with treatments pooled showed that no
heterogeneity was present in the slopes of the regression lines but
that the adjusted means were significantly different. This indicates
that differences in tail léngth adjusted to constant body weight
were present between the four strains. )

The analysis of treatments with strains pooled showed that no
differences were present either in the slopes of the regression
lines or in the adjusted means. Therefore at the start of the
treatments no differences were present in the relationships of tail
length and body weight although mean body weight differed between
the treatments.

(b) Finish of Treatments,

Table XVII also shows the results of the covariance analysis
of final tail length adjusted for final body weight. The
treatment regression lines for each strain are shown in Figure X .
A significant strain and treatment interaction was present. An
examination of the individual strains analyses showed that within
each strain the slopes of the regression lines showed no heterogeneity
but the adjusted means were significantly different., The hot
treatment groups for all strains had a longer tail after body
weight was adjusted for than had the medium groups, but in the
medium and cold groups differences between the strains are present.
In the HMTS strain the cold treatment group had a significantly
shorter tail after body weight was adjusted for than did the
medium groupe. In the other three strains, however, Iittle
difference was present between the medium and cold groups.

Table XVIII shows the mean tail length of all possible
subgroups after adjusting tail length to an initial and final body
weight of 12.0gms. and 20.0gms. respectively. These results show
that the HM strains have shown the greatest response at these
weights to the hot treatment than have the LC strains, i.e. 2.4 and
2.1cms. as against 1.6 and 1.7cms. In the medium and cold
treatment groups, however, the four strains have made similar
response to the treatments except for the HMTL strain in the medium
treatment groups .which has increased tail length by O.3cms. above
that of the other three strains.

IITI. BODY TEMPERATURE RESULTS.

‘Table XIX shows the means and variances for body temperatures
for all possible subgroups during the treatments. The means are
shown in Figure IX, This shows that quite large fluctuations are
present between the measurements of body temperatures in the
medium treatment groups. The degree of wvariation between
measurements of body temperatures appears to differ between the
four strains in the medium treatment groups however. The LC
strain would appear to have a greater degree of variation between
measurements than the HM strains, The HMTS strain has the lowest

degree of variation while the LCA strain has the greatest degree of
variation,

Because of the large amount of variation between measurements
it is likely that the measurement of body temperatures every
second day would be measuring fluctuation of body temperature
about the mean rather than the true mean body temperature.
Therefore, to get consistency in the measurement of body temperature
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Body temperatures for mice in
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Table XiX.

Means and Variances for Body Temperature for all 3Subgroups.

Day 1 Day 3 Day & Day 7 Day 9 Day 11 Day 13 Day 15 Day 17 Day 19 Day 21
HMTL Hot WMean 37.2 37,3 37.2 36,8 37,1  37.0 37.4 3741 37,2 %743 37.3
Variance 2065 L2422 L2409 281 18k .68 137 170 .227% 813 0216
Med, lean 36,8 37,0  37.2 36,7 36,7 37.0 37.0 37.0 3741 36.7 36507
Variance 573 o53h 0 172 WJA77 0 L1960 284 . 322 350 AL 183 .259
Cold Mean 37.0 37.3  36.8  36.7 36,7 36,7 3763 37.0 37,6 37.2 37.3
Variance $ 593 ,220 889  1.137 397 506 21 o2h2 681 « 961 2281
HMTS Hot Mean 37«1 37.1  37.5 37.1  37.0 37.5 36,8 37:5 36,6 367 3669
Variance 2293 o376 816 k0 L1860 1,163 311 U3k »512 20251 « 149
Med. Mean 37.1 37.2 37,0 36,9 36,8 36.8 3761 3741 37.0 3762 3760
Varianece 509 L1100 264 233 22k L220 .081 o332k 27 .322 - 156
Cold Hean 36.7  35.7 36.8 36,5 36,8 36,9 36.5 3649 3741 3702 371
Variance 1.120 4.271 .526 L1755  L096  .721 1.553  .9h2 537 3.220 2.471
LCA Hot Mean 38,0 37,1  37.1 37.5 37.6 37.6 37.2 3668 3.2 3744 37,1
Variance 6335 L2910 L207  hhk2 337 196 .318 32 - 226 340 0297
Med. Hean 37.2  37.4 36,9 37.0  37.5 37.1 372 37.5 374 3701 3763
Variance 235 278 .302 L4580 207 JhO3 « 267 <196 o 247 o 102 0238
Cold Hean 371 37,3  36.7 36,83 37.0 37.3 577 37.4 37.4 375 B?eé
Variance 366 G617 1,166 161 L4B6 500 SHL8 647 1,156 1.163 500??
LCB Mot DMean 37.3 37.4  37.2 37.2 37.3  37.3 37.2 374 57.2 373 3735
Variance 639,202  LBOS L2517 635 L6710 bk Ak 0126 ¢339 o3
Med. lean 37,3  37.0 37,2 364 36,6 37.2 36.8 37.0 3700 37.0 364
Variance A28 L2409 L1709 L6k 3160 L2871 £ 307 457 066 151 <23k
Cold Mean 37.2  B7.1  37.2 36,6 37,2  37.5 3765 3742 37,8 37.5 37.7
Variance 1,093 ,970 Jh35 670,626 1.111 943 626 317 476 o 17k




Table XX, Analysis of Variance for Body Temperatures of the Four Strains in the

Mediun Snvivonment (lMean Squares).

Table ¥XI1.

Table XXII.

Jource arf Period I Pericd II | Perdiod III Period IV
Fetween Strains 3 . 083 883 o 7HO ¥ 1. 060" *
Within Strains €0 . 124 0 127 . 1473 . 149

Analysis of Variance
(Mean Squares).

for Body Temperature

in the Three Treatments

Source arf Pericd I Period I1II | Period IIT Periecd IV
Strains 3 1,073%* 2. B20*¥ 1,003 te23F%%
Treatments 2 2,570%% L, 2655 1.010 b bz5nx
Strains & Trimnts. 6 JA60 238 0 S0B ¥ * 0,927
Individuals 212 0226 209 «219 LU61

Hean Body Temperature estimated by Fitting Constants (Period III
Unadjusted Means due to Presence 6f Interaction).

Period I X=37.09 | HMTL HHTS LCA LGB
1

&, QOO “’021 "{'*909 +g'12
Hot 18 1 37.3 521 3704 374
Hlod, P K| 277 36,9 372 7.2
Cold -o17 | 36,9 56,7 27,0 %70
Period II X=37,01

a b o.,18 - 08 +.26 +,01

Hot +.26 | 37.1 3763 375 3743
P"iﬁ'do "’01!'{‘ 360? 36.8 5701 3609
Cold ~e1® | 36,7 36,68 374 36.9
Periocd III
Hot 27 o2 3760 2741 3763
Fed. 37,0 371 37.4 36,9
Cold 37.3 36,8 375 375
Period IV =37, 1

G Ik .,05 - 15 4011 +,08
Hot =201 | 37.1 37.0 37.2 Z7.2
Yed, ~e22 | 36.9 %668 27.0 27.0
Cold +o23 1 373 3762 375 375
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the eleven recordings of body temperature for each mouse were
divided into four periods, and the mean body temperature for
each of these four periods was used in the following analysis.
The periods were:-

Period I Days 1, 3 and 5
Period II Days 7, 9 and 11
Period III Days 13, 15 and 17
Period IV Days 19 and 21. ‘

The mean body temperatures for the medium treatment groups
are shown in Figure Xl. The results of the analysis of variance
for the medium treatments are shown in Table XX, These show
that during period I there were no significant differences
between the four strains, During periods II, III and IV,
however, significant differences were present. The t/test showed
that during periods II and III, the LCA strain differed
significantly from the other three strains, but these three strains
did not differ significantly amongst themselves. i iad
IV the LCA and HMTS did hnot differ significantlyk?ggiféﬁgug%ingﬁguﬂq
HMTL strains, The LCB strain and the HMTL strains did not differ
significantlye.

Therefore although body temperature means of the four strains
have changed over a period of time the ranking of the-four strains
have note. The LCA strain had a higher temperature in all the
four periods but was significantly higher in periods II and III
only. The HMTS strain has a higher body temperature than the
HMTL strain which in turn has a higher body temperature than the
ILCB strain. Therefore the two short tail strains of mice have a
higher body temperature than the two long tail strains of mice.
The LCA strains body temperature being significantly higher during
periods II and III and both the LCA and HMTS strain being
significantly higher in period IV, -

The analysis of variance for the strains and treatments is
shown in Table XXI, This shows that for periods I, II and IV
significant strain and treatment differences are present,

During period III however, a significant strain and treatment
interaction is present. These results would suggest that during
periods I, II and IV the strain and treatment effects are

additive; that is, the treatments have affected the four strains
similarly. However, during period III the presence of the
significant interaction would suggest that the treatment and

strains effect was not additive and the treatments have npot
affected all strains similarly. Table XXIl shows the means as
estimated by fitting of the constants for periods I, II and IV

and unadjusted means for period IIT, These are shown in Figure XI}.

These means show that the ranking of the four strains in the
three environments is the same within each of period I, II and IV
but it differs between the three periods. During period III
however, the ranking of the four strains differs in the three
environments which has caused the interaction. The main cause
of the interaction would appear to be that in the cold treatment



Table XAIII. Hean Body Temperature of Mice Dying (Measurement taken the Day
Before the Mouse Died).

Mean °C. Range °c,
HETT, 352 33,0 = 36.5
IH{TS 3’405 29o7 e "656
LCA 3.5 29.2 = 38,0
LCB 34,8 28.5 = 37.
Table {AIV, Covariance Analysis of lean ZBody Temperature over the last Ten

Days of the Treatments Adjusted for Final Body VWeight.

HHTL TS LCA 1.CB
Source df | R.M.S. df | RoieS, df 1 R.M.S, af | RelleS.
Trror 48 3, 826% 31 7422 65 7.162 56 2,936
Rege Goefs, | 2 | 27.7100%*] 2§ 73,955%* | 2 | 75,355%*{ 2 | 10,475**

¥ithin 50 4,7820 33 | 41,454 67 9,196 58 3,196
4dj. Means| 2 1,469 21 18.910 2 | 25.355 2 | 68,263
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Figure XIII:

The relationship between mean body
temperature over the last ten days

of the treatments and final bodyweight
for all subgroups. H, Hot; M, Med;
c, Cold.
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the HMTS strain has not raised its body temperature mean during
period III as the other three strains have and in the hot
treatment group the LCA strain has reduced body temperature to
a greater degree than has the other three strains.

In the medium treatment groups there is a gradual drop in
body temperature over the four periods. This also has occurred
in the hot treatment groups but the body temperatures in period
I are consistently higher than temperatures in the medium
treatment groups,. By period IV the hot treatment groups have
reduced body temperature to a level only slightly higher than
the medium treatment groupse. In the cold treatment groups body
temperatures are substantially below those of the medium
treatment group during period I but rise to the medium levels
during period II and by period IV are considerably higher than
either the hot or medium treatment groups.

Therefore the treatments have influenced body temperatures
to a considerable degree, The treatments have caused an
immediate difference in body temperatures in that the hot
treatment groups have raised body temperature and the cold
treatment lowered body temperature over that of the medium
treatment,

The trend in body temperature during the four periods also
differ, The medium and hot treatment groups show a decline in
body temperature, this being more pronounced in the het
treatment, while the cold treatment groups show an increase in
body temperature over the four periods.

Table XXIjishows the mean body temperature for all mice dying,
this measurement being the one the day before the mouse died.
This has shown that mice dying tended to have a mean body
temperature well below the average body temperature of all mice
completing the treatments,

IV. BODY WEIGHT AND BODY TEMPERATURE ANALYSIS.

A covariance analysis of mean body temperature over the last
ten days adjusted for final body weight was carried out to
determine what effect body temperature may have had on final body
weight,

The results of the covariance analyses are presented in Table
XXIV. The results show that within each of the four strains
significant differences in the slopes of the treatment regression
lines were present, The individual strain regression lines are
presented in Figure XIIlwhich shows that within each of the three
strains LCB, HMTL and LCA, the hot treatment groups have a
negatively sloped regression line, while the HMTS strain hot
treatment group regression line has little slope. This would
suggest that in the hot treatment groups of the three strains LCA,
LCB and HMTL body weight has been influenced by body temperature
and mice with a high body temperature have a lower body weight,
than do mice with a low body temperature.



Table H{AV.

Table XiVI,

Means and Variances for Body Weipght, Tail Length,

Weight, Abdominal Fat and Total Bedy Fat.

Tail Veight, Pelt

Body Weight (gms.) HHTL HHTS LCA LCB
HMean 1502 12000 1"!.? 120"{‘
Variance o 548 14108 4,893 L,668
Tzil Length (cms.)
Mean 7.6 Selt 6.5 Ta3
Variance 068 070 . 110 0 220
Tail Veirht {ams.)
Mean o103 - 249 o 516 6312
Variance 00243 200085 200142 <0096
Pelt Weight (gms,. )
lean 12952 12306 2,028 1.010
Variance 00327 +0333 0872 0381
Abdominal Fat (ems.)
I‘iean o 198 - 196 0255 ) 165
Variance 000059 000944 000483 000301
Total Fat (zus,)
Mean 1o 343 16120 10321 1.181
Variance o 1014 20117 L0610 0523
Analysis of Variance,
s Mo 7 co s e s Totai
Scurce df {Bedy VWeight] Tail Length| Tail Weight | Pelt Weight | Ab. Fat Fat
Between Groups| 3 ] 13.463%* L p73x% +02060** 1, 2704 %* »00699%* | L0583
Within Groups | 16 2.804 o117 200142 0,048 00047 | 40567




Table ZIVII,

Table XXVIIT,

Table XXIX,

Eovariance analysis of Pelt VWeidght, Tail Weight, Abdominal Fat, Total
Sody Fat and Tail Length, Adjusted for Body Veight.

Source 4af Pelt leight Tail Wedght Abdominal Fat Body ¥at Tail Length
Error 12 SOL73 +000883 »000497 2 0l 5k 130
Reg,Coeff, 3 +0013 . 000679 «000137 0031 0013
Within 15 0381 »ONNRIL2 s TOUUZS Us0Y Ny
4dj.Means 3 006264 - 005008 * . 0051 e 379%*

o 3917

tieans and Variancez for Weight of Hair,

{grms, ) Mean Variance
HMPL 097 2000084
LCA .088 s 000326
LCB 085 001052

Analysis of Variance for

E‘:‘eight of Hair.

Source at M3
Batween 2 000302 HS
¥ithin 12 000487
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In the cold and medium treatment groups, however, the
regression lines have positive slope in all four strains which
would suggest that mice with a high body temperature had a higher
body weight at the end of the experiment than did mice of lower
body temperature, In the HMTL, HMTS and LCA strains the Blope of
the cold treatment group regressions were steeper than the slopes
of the medium treatment regressions which would suggest that body
temperatures has had a greater influence on bodyweight in the cold
treatment groups than it has in the medium treatment groups.

D) Carcass Analysis Trial.

(1) Control Mice (23 days of Age.)

The means and variances of body weight, tail length, tail
weight, pelt weight, weight of abdominal fat and weight of total
body fat are shown in Table XXN/. The analysis.of wariance
(Table XXV shows that significant differences exist between the
four strains for all of these characteristics except for total
body fat where no.significant differences were present, Because
of the body weight differences between the four strains, covariance
analyses were carried out for all characteristics adjusted for body
weight as the independent variable. These results are shown in
Table XXVIJand show that for tail length, tail weight, pelt weight,
and weight of abdominal fat, the slopes of the regression lines
for the four strains showed not heterogeneity but the adjusted
means were significantly different. The regression *ines for
each of these characteristics are shown in Figure¥IV. The slopes
of the regression lines for total body fat showed no heterogeneity
and the adjusted means also were not significantly different.
Therefore for all characters except -total body fat strain
differences are present when the weight of the character is
adjusted for body weight, For total body fat however, no strain
differences were present when weight of total body fat was
adjusted for body weight between the four strains.

Table XXVII\shows the means and variances for the weight of
hair for the three strains, HMTL, LCA and LCB, - The HMTS strain
was excluded from this analysis because the strain was infested
with lice. The analysis of variance for hair weight (Table XXW¥K 1)
showed no significant differences between the weight of hair in
the three strains. The covariance analysis of hair weight
adjusted for body weight shown in Table XXX shows that the slopes
of the strain regression lines showed’ no heterogeneity and the
adjusted means were not significantly different. The regression
lines are shown in Figure XIN. ’

Table XXXlshows the means for all characteristics adﬁusted
to a body weight of 13,0grums.

II., Treatment Mice.

A, Body Weight, Tail Length and Tail Weights.,

ie Analysis of Variance,

Table XXXIlshows the means and variances for body weight and



Table XXX,

Table IXYI.

Covariance Analysis for lVeight of Hair Adjusted for
Body Weighi,

Source ar R.M3

Error a 000284
Rego Coef., 2 0000269
Within 11 .000281
.{]J.dj - Heans 2 @000511'5

tleans for Tail Length, Taill Welght, Abdominal Fat, Total Body ¥Fat and

Pelt Yeight and Hailrweight Adjusted to 13,0gms. Body Weight Respectively.

s - e a 0 . Total Tail .
Sirain Telt Weight tail vieight Abdominal Fat Body Fat | Lensth Hair
HMTL, 1.811 305 2191 1079 741 <097
HHTS 121401 . 265 £ 207 1,175 55

LOA 1.9 " 322 « 110 1. 158 6.4 . 082
LCB 1,047 2319 . 175 16235 763 - 089




TableXXXIT,

Treatment Mice {Carcass Trial),

Means and Variances for Body
Lxperiment and Body \eights,
of the Rxperiments,

Weights,

2l Lengihs at the Start of the
Tail Lengths and Tail Weight at the End

Start., HMTL HHUTS LCA LCB

?Z;g ?eight Mean Variance Mean Variance Mean Variance { Mean Variance
Hot 14,0 |2.228 12.5 15,093 1,2 1,628 12.6 10,508
ved. 1%:7 |5.753 1202 3,920 14,6 2.328 12.2 12,288
Cold 15.4 [ 4.620 12.4 11,888 14.9 L,973 12.8 {1,440
Pail Lenpth

(ems, )

Hot 7ol « 193 565 + 233 65 0178 79 2775
tied, D3 . 3588 Skt . 128 6.6 2113 7.3 £ 273
Cold 7ol » 590 Selt « 115 6,5 0235 viR:! 2128
Finish,

Body Weisht

(gms, )

Hot 2.7 3.493 2.4 1o 568 22.2 0163 19,3 4,268
Med, 24,0 1.228 203 1.553 24,8 6,248 19,5 |3.112
Cold 20,4 1. 508 7.4 1,033 2%.6 20860 19,0 2,025
Tail Length

{cms, )

Hot 9,6 095 7ol - 088 8.2 .053 9. 5 023
tedo 845 +090 6.2 «115 7.6 <138 8oh . 260
Cold 7.8 335 58 0 143 7.2 <064 8,2 o3
Tail Wedirht

(grms, )

Hot +615 002866 480 000995 583 . 000406 +640 000072
Med, 522 1 ,002%78 3374 » 000401 488 0084295 1 487 | 004473
Cold o133 1 4008137 2292 | 000769 o M7 L,003369 | 438 | 000695




Table XAXIII,

Analysis of Variange of Body Weight and Ta
Start of the Treatments,. (Mean Squares).

il Length at the

Table XXXIV,

Sody YWeight Tail Length
Source af MSe mnS.
Strains 3 16,020 ** 16,380 **
Treatments 2 » 185 $ 045
8 x T 6 o177 c013
Individuals - L3 3,037 2220

Mnalysis of Variance for Body Weight, Tail Length and Tail Weight

at the Finish of the Treatments.

Body YWeipght Tail Length Tail Vieight
Scurce df. NS ms. NSa
Strain 3 46,713 16,020 ** 00835 **
Treatment 2 32,680 10,580 ** 01635 **
S x T 6 6,583 * 6195 . 0020
Tndividuals ity 2,758 . 123 Neler2t

Table XXIV,

Covariance Analysis for [inal Body Veight Adjusted for Initial Body ileight,

Source af R8S RMS
Strains with Treatments Pooled. a

Strains 3 60,6168 20,2056 **
within Strains S 210.6900 32,9017
Treatments with Strains Pooled,

Treatments - 2 67.5056 33,7528 **
Yithin Treatnents 55 20348013 3.7055
Straing & Treatnents,

Strains and Treatments. 1 16545538 15,0503 **
Hithin S & T. 46 105,7531 262990
Interaction 6 37, 431 6.2386 *
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tail length ald the start of the treatment and body weight, tail
length and tail weight at the finish of the treatments for all
possible subgroups. The analysis of variance for body weight
and tail leéngth respectively at the start of the treatment shown
in Table XXXII| shows that only strain differences were present,

By the end of the treatments however, the analyses of variance for
body weight and tail length presented in Table XXXIM showed
significant strain and treatment effects for tail length but a
significant strains X treatment interaction was present for body
weighte.

The presence of the interaction for body weight would suggest
that the treatments have affected the four strains differently.
For tail length however, the lack of an interaction would suggest
that the treatment effect is additive; that is the treatments
have affected the four strains similarly.

The analysis of variance for weight of the tail, shown in
Table XXXIM, also shows strains and treatment differences to be
present, and the treatment effects appear to be additive because
of the lack of a strains X treatment interaction.

ii, Covariance analyses of Final Body Weight & Tail Length
adjusted for Initial Body Weight & Tail Length
Respectivelye. d

The covariance analysis of final body weight~adjﬁsted for
initial body weight is shown in Table XXXV and shows that a
significant (P. 5%) strain plus treatment interaction was present
between the adjusted meanse. A significant interaction was also
present in the covariance analysis of final tail length adjusted
for initial tail length shown in Table XXXVL These covariance
results would suggest that the treatments have not had an additive
effect in the four strains; that is the treatments have not
affected the four strains similarly. The regression~lines are
shown in Figure XV’ and XVlrespectively. '

iii. Growth Rates for Body Weight and Tail Length.

Table XXXVI| shows the mean body weight and tail length for
all possible subgroups on days 1, 2, 3, 6, 9, 15 and 21. The
means are shown in Figures XVIl and XVIIL The body growth data
shows differences in the way that body weight is reached at the
end of the treatnments., In the HM strains the hot treatments
cause an acceleration in growth which in the HMTS strain is
maintained for the whole 21 days. In the HMTL strain however,
the medium treatment groups has overtaken the hot groups by day
15, In the LCA strain the hot treatment has retarded the rate
of body weight gain for the first few days on the treatments and
it is not till day 15 that the hot treatment group overtakes the

cold treatment group. In the LCB strain the hot and medium groups

have similar growth rates for the whole of the 21 dayse.

The cold treatment groups showed a slower body weight gain in
the HM strains but in:the LCA strain body growth is actually
accelerated in the first 9 days. In the LCB strain body growth
in the cold group continuous at a similar rate to the control and

A



Table XXXVI,

Table ¥XXVIIa,

Covariance Analysis for Final Tail Length Adjusted for Initial Tail

Lengih,

Source af RSS RuS
Strains with Treatments Pooled.

Strains 3 2.0550 L6850
Within Strain 54 22,3537 122
Treatments with Strains Pooled.

Treatnents 2 17.6526 8,8263 **
viithin Treatment 55 6.6611 =1211%
Strains and Treatments.

Strain and Treatment 11 22.3247 2.0292 **
Within S & T Le 1,9920 0433
Interaction & 246141 JH3B56
Mean Body iWeights on Day 1, 2, 3, 6, 9, 15 and 21, For all Possible
Subgroups.

Day 1 2 3 & 9 15 21
HMPL (gms.)

Hot o .0 14,6 15.0 1746 1865 20.5 21.7
fed. 13,7 1,1 1,6 16,5 17.3 20,9 2h 0
Cold 13.5 13.8 14,3 1,8 16.0 18.8 20.4
BHTS (ems. )

Hot 12.5 13.0 13,7 15,6 16.8 19,3 21.4
Med, 12,2 12,4 13,1 4.5 15,5 17.8 20.3
Cold 12,4 12.3 12.6 14,1 1,7 16,0 174
LC4A {Cms)

Hot 14,2 13,7 15.2 16.5 179 20,0 22,2
led. b6 15,0 15.6 16,7 18,7 22.0 2L, 8
Cold .9 16,3 16,0 178 18.8 19,8 2%.6
LCB (gms)

Hot 12.6 128 1347 14,2 15,9 17.9 1943
Med. 12.2 12,6 13 1 13.9 15a 18.2 19,5
Celd 12,8 1243 1he 4.6 15,0 17. 4 16,0




Table XAXVIib.
Means Tail Lengths on Day 1, 2, 3, 6, 9, 15 and 21 for all possible

Subgroups.

Day 1 2 3 6 9 15 21
HEMTL

Hot 7ol 7.5 7.6 81 86 o2 9.6
Med. 7.3 7eB 7.4 2.6 7.8 8.2 8.5
Cold 7e2 a2 73 7.h 7.5 7.7 768
HNTS

Hot 5;\5 5:6 59? 6n,i 6QE+ 701 7@1‘{'
Med, S.h 5.5 5.6 5,8 5.9 641 6.2
COld 5.# 512‘!' 5-'!\" 505 506 5'? 508
LG4

Hot £.5 6.6 6.7 7.0 7.3 7.8 8.2
I."'led. 6.6 606 606 608 701 ?02 ?06
Celd 6.5 5.5 6.5 6.6 6.7 ! N
LCB

Hot 79 769 8.0 8.2 8.b 8.9 9.5
HMed, s 7.8 7o G 8.0 8.1 8.2 8.4
Cold 7l 7.9 749 8,0 8.0 81 8.2




Table

AXAVIIT,

Covariance Analysis of Fimal Tail Length Adjusted for Final

Body Weight,

Souprce aft, "SS RIS
Strains 3 L, 8383 15, 9U81 %%
Adj. Means 5l 21.9228 - 1060
VWithin Strains.

Treatments 2 18,4382 G,2191%*
Adj. Heans 55 51,3229 29331
Yilthin Treatments.

Strains & 11 66.8028 6,0730**
Treantments,

Adj. Means Lg 2.9583 06483
Within 35, & T.

Interaciion, 6 ¢ 5261 L0877

Table XIXIX,

Ao

B,

Covariance Analysis of Tail Veight Adjusted for {inal Bedy

Selght,

Strains with Treatments Pooled.

Source ar R3S R4S
Error 51 0 35880 D070
Rega Coef. 3 00534 00178
within 5l . 36414 Nelelcy ot
Add. Means 3 + 20375 Nolrielld
Treatments with Strains Pooled.

source ar RSS RS
Brror 53 . 28078 004U 5L
Regy Coef. 2 .057473 2028721
Within 55 e29821 L005U42
Adj. beans 2 . 26987 o 13594
Strains and Treatments,

Source af RS5 ®isS
Error 35 04189 00119
Reg. Coefs 11 01285 00116
VGithin L « 05675 L0019
Adj. Keans 11 051731 LOUTOBRE
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hot groups up to day 9 when it falls off.,

For tail length the means shown in Table VIb and Figure show
that the hot treatment causes an immediate acceleration in growth
in tail length and this is clear after day 3. However, the time
that the divergence in tail length between the treatment groups
continues appears to vary between the four strains, After day 15
the three treatment groups in each of the HM strains appear to
increase tail length at the same rate. This is not so in the ILC
strains, especially the LCB strain, where the growth in tail
length between the treatment groups appears to be still diverging
at day 21.

Therefore differences in rate of body weight increase under
the three treatments are present between the four strains and
treatment effects on tail length are also present.

ive Cofvariance Analysis of Final Tail Length adjusted for
Final Body Weight.

The cofvariance analysis of final tail length adjusted for
final body weight is shown in Table XXXVIW The regression lines
are shown in Figure XIJ¥ . The results show that in the strains
analysis with treatments pooled, significant differences were
present between the adjusted means but not between the slopes of
the regression lines. This would suggest that once body weights
are adjusted forjydifferences in tail length are present between
the strains., The LCB strain having the longest tail while the
HMTS strain has the shortest tail,

The treatments analysis with strains pooled showed that the
adjusted means were significantly different but not heterogeneity
was present between the slopes of the regression lines., This
shows that differences are present for tail length between the
treatment groups. Much of the difference, however, is between
the hot and medium groups while the medium and cold groups have
similar regression lines,

Ve Copvariance Analysis of Tail Weight adjusted for Final
Body Weight.

The cofvariance analysis of tail weight adjusted for final
body weight is shown in Table XXXJX. . The regression lines are
shown in Figure XX. The strains analysis with treatments pooled
has shown that significant differences were present between the
adjusted means but not between the slopes of the regression lines.
This would suggest that differences are present between the strains
for the weight of the tail at a constant body weight,. The LCB
strain had the heaviest tail while the HMTS strain had the
lightest tail.

The treatment analysis with strains pooled showed that the
slopes of the regression lines showed heterogeneitye. The medium
and cold groups have similar regression lines which have positive
slopes while the hot treatment group has a regression line of
negative slope.



Table XXX,

Table XHEXXTI.

Means and Variances for Weight of Total Pody Fat and VWeight
of Abdominal TFat.
HMTL HMTS LCA )]
Total Body Fat {(pgrms,.)
Hot  Hean 2, 10% 2. 48k 3.396 2,017
Variance 0858 . 1789 . 2153 « 1100
Med. Bean 2062 2,334k 5301 1.875
Variance » 3158 » 2897 14333 0665
Cold lean 1,696 1.279 1.915 1,830
Variance . 1733 . 030h L1558 .0728
Abdominal TFat (Grms.)
ot  Mean SH17 J403 A28 « 384
Variance 00309 00118 .00279 .00599
Med., LHean » 397 . 383 0535 » 368
Variance .00123 » 00203 01455 D1164
Cold lean » 396 » 3Lk . 533h 0 390
Variance 00226 00357 + 00985 00313

Analyses of Varlance for YWeight of Total Body Fat and Weight
of Abdominal Fat for the Conirol iMice (Mean Squares),

Source af Body Fat Abdominal Fat
Strainsg ] 2. PhbHx L0513 %*
Treatments 2 6L <0005

S = T & +020 0068
Individuals iy 292 L0052
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These results would suggest that in the hot treatment group,
mice of lower final body weight had a tail of higher weight than
have mice of higher final body weight, This is due to the low-
body weight LCcB strain having a heavier tail once body weight was
adjusted for than did the high-body weight LCA strain. Mice in
the medium and cold treatment groups had tails of similar weights
in all strains once body weight differences were adjusted for.

B. Abdominal Fat & Total Body Fat.

Table XXXX. shows the means and variances for the weight of
total body fat and the weight of abdominal fat for all possible
subgroups at the finish of the treatments. The analysis of
variance shown in Table XXXX|shows that for total body fat both
strain and treatment differences were present, while only strain
differences were present for abdominal fat.

The covariance analysis of total body fat adjusted for body
weight is presented in Table XXXXT\ This shows a significant
strain X treatment interaction to be present. An examination of
the individual strain covariance results shown in Table XXXXI
show that in the two low-body weight strains (HMTS and LCB) no
differences were present in the slopes of the treatment regression
lines or the adjusted means., The regression lines are shown in
Figure XX}. In the two high-body weight strains, however, (HMTL
and LCA) differences were present between the adjusted mean and
the slopes of the treatment regression line showed no -heterogeneity.
These results would suggest that the treatment has not affected
total body fat in the low-body weight strain but has in the high-
body weight strain. The weight of total body fat in the hot
treatment groups corrected for body weight for the high body
weight strains is higher than in the hot and medium groups which
have similar amounts of fat,

The results of the covariance analysis for weight of
abdominal fat adjusted for body weight are shown in Table XXXXIM.
The individual strain regression lines are shown in Figure XXII,
The individual strain analysis showed that within each of the
four strains the slopes of the treatment regression lines showed
no heterogeneity. For all strains except the HMTL strain no
differences were present in the adjusted means but in the HMTL
strain differences (P:0.5) weré.present,

These results would suggest that no differences were present
between the treatment groups within each strain, However, an
analysis of strains with treatment effects pooled showed that
strain differences were present.

.

Ce Pelt Weight and Hair Weight.

Table XXXX¥ shows the means and variances for the weight of
the pelt and weight of hair for all possible subgroups at the
finish of the treatments. The analysis of variance for pelt
weight and hair weight are shown in Table XXXXVl, These results
show that both strain and treatment differences were present for
pelt weight, but a significant strain and treatment interaction
was present for hair weight. The lack of an interaction in the



Table X{XXIT.

Covariance Analysis for Height of Total Body Fat Adjusted
for Body Veight,

Strains ] 1.32190 o 4063
#ithin Strains ch 21.19461 + 39249
Treatments 2 6. 23461 3,11821%*
Within Treatments 55 1628010 » 29600
Strains and

Treatments “11 12.99426 1018130
Interaction. & 5,43595 90590k

Table XXXXIIT,

Covariance iAnalysis of Tetal Body Tat Adjusted for Dody Weight.
{(individual Strain Analysis).

HHTL HHTS LCA LCB
Source af R.M.S. RalieS RoM.5, R.M.S.
Brror 9 011235 ¢ 19670+ A3972 LOB370
Regs Coecf. 2 + %3815 01563 ¢ 30566 SOU247
Within 11 o 153541 « 16048+ e L1535k 05160
Adj. Heans 2 2.75005** | L4089k 2.15122* 0h212

+ Cne df, deducted because of one death,

Table XXZXIV.

Covariance Analysis for ieight of Abdominal Fat Adjusted for Body

veight,

HMTL HITS LCA 1CE
Source af R.H.S. R.M.S, R.it. 5, R.M,5,
Trror 9 +001118 0018264+ 006470 00382
Reg. Coef. 2 000092 » 000007 000289 . 000199
Within 11 000932 s 001329+ -005347 003621
Adj. Means 2 005484 000367 » 019208 001912

+ One df. deducted because of one death,
* PP0.5



Table YLLKV,

Table XAIXVI,

Means and Variances for the Veight of the Pelt and Hair at
the Finish of the Treatments,

HMTS HiTL LCa 1CB

Pelt Weight (grms,)

Hot Mean 2.585 2,728 3.079 2,403
Varianhce L0713 .0133 + 16659 .3103

Med, Mean 2,937 2,534 3,134 2,567
Variance 0515 01773 1950 o 1648

Cold Hean 20563 1 9860 20465 2428’]
Variance » 1407 . 0947 . 2330 0791

Hair wWeight (pras.,)

Hot Hean 254 2136 . 152
Variance 000399 200058% +« 001501

Hed, Mean 0251 o141 . 196
Variance -001688 .00145% ., 001392

Cold iiean .22 - 203 226
Variance 002441 001187 000984

inalysis of Variance for vWelght of Pelt and VWedight of Hair
at the BEnd of the BExperiment,

Hair Weight Pelt Welipght
Source df Hean Square df Mean Square
Strains 2 « 025751 3 1.0308 **
Treatments 2 » 004820 2 1.2345 »=
S+ T b 2005352 ** 6 0.2439
Individuals, 36 . 001285 L 01705
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pelt weight analysis would suggest that the treatments have
affected the four strains similarly. However, the presence of
the interaction in the hair weight analysis would suggest that
the strain and treatment affects are not additive; that is the
treatments have affected the three strains differently (the HMTS
strain was excluded from the analysis because of the infestation
of lice in the early stages of the treatments had caused some
shedding of hair),

The results of the covariance analysis of pelt weight adjusted
for body weight shown in Table XXXXVIl show no differences between
the strains or between the treatments. The regression lines are
shown in Figure XXII[L Table XXXXVIIl shows the results of the
covariance analysis for hair weight adjusted for body weight and
show a significant strain X treatment interaction was present,

The regression lines are shown in Figure XXIV’. These results
would suggest that the treatments have had no effect on the weight
of pelt adjusted for body weight, but they have effected the
weight of hair adjusted for body weight. The individual covariance
analysis for each of the three strains for hair weight adjusted
for body weight showed that the HMTL strain had no significant
differences between the slopes of the regression lines for the
three treatments and the adjusted means were not significantly
different. For the two LC strains however, although no
differences were present in the slopes of the treatment regression
lines, the adjusted means were significantly different. The hair
weight for the cold treatment adjusted for body weight was
significantly greater than the hair weight for the hot treatment
group for the LC strains.,

Therefore it would appear that the treatments have not
affected the weight of the pelt adjusted for body weight in the
four strains nor the weight of hair adjusted for weight in the
HMTL strain. They have however, effected the weight of hair
adjusted for body weight in the LC strains.

D. Food Intake,

Table XXXXU¥.. shows the total amount of food consumed by five
mice in each of the possible subgroups. The analysis of variances
presented in Table Z_. 1. shows that a significant strain X and
treatment interaction was present. The within days effect was
included in the error sums of square, and only strain, treatment
and the strain X treatment interaction sums of square were taken
out in the analysis. The presence of the significant interaction
would suggest that the four strains had reacted differently to the
treatments in the amount of food consumed. Figure XYV shows the
amount of food consumed each day by the 5 mice in each subgroup.

Table 1. gives the total amount of food consumed by 5 mice
in each subgroup, total body weight gain of 5 mice in each
subgroup and the amount of food consumed per gram body weight
gain for each subgroup. In each of the four strains the hot
treatment subgroups consumed less food per gram body weight gain,
while the cold treatment subgroups consumed the most food per gram
body weight gain. However, within each of the treatments,
differences in the efficiency of food utilization were present



Table XIXXNVII.

Covariance Analysis of Pelt vWelight Adjusted for Body Weight.

Covariance analysis (Adjusted Means),

Source af Residual 58 Hesidual MS
Pelt Welght

Strains 3 . 312 204777 N3
Within Strains S L,43%928 08221
Treatments 2 « 39476 . 19738 NS
Within Treatments 55 h,3%213 07895
Strains & Trealtments 11 10 14103 = 10373 NS
Within S & T. L6 344137 07481
Interaction, & .60315 . 10053 NS

Table XXYXVIII,

Covariance Analysis of

Hair Weight Adjusted for Body Weilgth.

Source as ReS8 R.MS
Strains 2 .055893 » 027947
Within Strains L .063992 0001555
Treatments 2 . 006723% 003462
Within Treatments b 113162 0002760
Strains & Treatments 8 - 089858 2011232
Fithin 8 & T 35 . 030027 - 000858
Interaction 4 ,027242 LO06811 #*




Table XXIXTL,

Total Amount of Food Consumed by

Bach Subgroup (gras.)

70T MED, COLD

3251 L824 506,46
297.8 £65,.0 SL8,0
307.0 509,8 50,2

33,4 L70,.8 561,0

Table Ls
inalysis of Variance. for the Amount of Food Consumed
Tonsuned Each Day.
Source af Mean Souare.
Straing 3 200,453
Treatments 2 2610,690
5x T 6 153,688 *=*
Erropy 2286 53,654
Table LI.

Total Amount of Food Consumed, Total Body Veight Gain and
Food Consumed per grm, Body Weight Gain for the Five lMice
in Each Subgroup.

Total Food Total DBody Wt. Gein | Food/Gm. Body Wi,
HMTL  Hot 325, grms 38,6 grms 8.3
Med, 48z, 51,6 9,35
Cold 506,6 M $5,2 W 14,39
HHMTS  Hot 297,.8 it 4h 8 oo 6.65
Med. s, 0 ¢ Lo, oo 11.51
Cold 548, 0 w 25,3 " 21,66
L.CA Hot 307.0 1 ot 7,60
I‘Iedo 590o8 H 5‘100 n 11u58
Cold 633.‘)2 " 530“’ " '18.,90
LGB Hot hzz & 0 33,6 U 12,90
Ked. boo,8 35.2 " 13,07
Cold 561,00 M 0.8 M 18,21
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Chapter VI.
GENERAL DISCUSSION.

A. Bedy Veight and Tail Length.

The results obtained for tail length confirm those of other
observers (e.ge. Harrison etal. 195%9) that rearing mice at a higher
temperature results in a longer fail, This was true even though
the treatments were for a period of only three weeks. These
results differ from those of Harrison etal, (1959) in that the
short=-tail strains did not show a greater response te the hot
treatments than did the long-tail strains. Within the two long
tail strains however, mice of shorter initial tail length have
shown a greater response t¢ the hot ireaiments than have mice of
longer initial tail length. Within the two short-tail strains
however, all mice in the hot treaiment groups have shown similar
responses, Therefore the results for the long-tail strains agree
with the observation of Harrison etal., {1959) but this was not so
for the short=tail strain.

In the cold treatment groups, all mice had responded similarly
to the treatment, and the longer absolute tail-length of the long-
tail strains, was the result of differences present at the start
of the treatments,

Body weights were reduced in all strains in the cold
environment even afier body weight differences at the start of
the treatments were adjusted for, The hot treatment also reduced
body weights in all strains except the HMTL strain where the
medium and hot groups had similar body weights once initial body
weight differences were adjusted for,

The analysis of sirain with treatments pooled showed that the
short and long-tail strains made different response over the
treatment pericd, Hice of lower initial body weight in the short-
tail strains had made & greater gain in body weight than have mice
of lower initial body weight in the long=-tail strains,

B. Pody Temperature,

The results obtained are similar to those obtained by
Fleischner and Sargent (1959) for rats., The mice in the cold
treatment groups showed hypothermia for the first few days of
exposure affer which body temperature rose to a level above that of
the medium groups. In the hot and medium groups there was a
gradual decline in body temperatures over the treatment period.
However, the hot treatment caused body temperatures tc be raised
above the medium group in the early stages of exposure after which
body temperatures gradually declined and by the end of the
treatment period the body temperatures were above the medium
treatment groups but below the cold groupse. These results would
suggest that in the early stage of exposure to the treatments the
mice had difficuliy in regulating body temperatures. Mice in the
cold environment had difficulty in controlling heat loss which
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caused a decline in body temperature. This probably caused an
increase jin the metabolic rate of the mice which caused food intake
to be increased above the level of the medium groups and body
temperatures started to rise again, In the hot treatment groups
however, body temperatures would be raised because of the
difficulty to dissipate the excess heat as the metabolic raie was
lowered, and possibly voluniary muscle activity, so food intake was
lowered and body temperature declined. The decline in body
temperatures in the medium groups would be the result of the normal
decline in body temperatures with increased age.

The cayvariance analysis of mean body temperature over the
last 10 days of the treatments adjusted for final body weight
supports fthese conclusions. The results suggest that the control
of heat loss has had some effect on body weight, In the hot
envircnment mice with the higher final body weight were the mice
with the lower body temperatures. This would suggest that the
mice in the heat that are able to control heat loss and therefore
keep body temperatures down are the mice that showed the greater
final body weight, In the cold treatmenit groups however, the
mice that were able to reduce heat loss and therefore maintain
body temperature at a higher level showed the greater final body
weight,

Ce Growth Rates.

=3 Body Veight.

The results obtained for the HM strains confirm the
observations of Harrison etal (1959) that rearing mice at a
higher temperature promotes early growth. However, this was not
so for the LC strain where early growth was not evident. The LCA
strain actually showed a reduced rate of growth in the hot
environment for the first few days of exposure and it was not till
day 15 that the hot treabment groups had a higher mean bodyweight
than did the cold treatment group. The LCB strain had a rate of
body weight increase in the hot environment that was similar to
the medium group. For the HM strain growth was faster during
the early stage of exposure in the HMIT strain but growth rate
was reduced in the latter stages. The EHTS strain had a higher
body weight at all stages.

The resulits obtained for mice in the cold confirm the
observations of other workers {(e.g, Barnett and Manly 1956) that
growth is retarded in the cold. However, during the early stages
of exposure the LCA sirain actually showed a higher rate of body
weilght increase than did.. the medium group but by day 9 the mean
body weight of the cold group was less than the medium group.

The LCB strain had a similar growth rates in both the medium ahd
cold groups up to day 9 after which the growth rate was reduced.

In the HMTL strain however, growth was retarded during the early
stages of exposure but after day ¢ growth rateswere similar for the
cold and mediuwm groups. A slower rate of growth in the coléd was
present at all stages for the HHTS straine.
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e Tail Length.

The results obtained for growth in tail length confirmed the
observations of Harrison etal. (1959) that exposure to a higher
témperature causes an acceleration in the growth of tail length.
The increase in tail length in the hot treatmen® groups was clear
by day 3. Growth in tail length was retarded in the cold, The
length of time that the divergence in growth in tail length
continued between the treatments differed between the four strains.
After the fifteenth day of exvosuretail length in the three
treatment groups increased at a similar rate in the HM sirains
but in the LC strains the divergence in tail length was still
continueing. These results would suggest that the EM sirains
have responded more quickly to the treatments than have the LC
strains. By day 15 the H¥M strains have shown the full response
to the treatments while the LC strains are still showing a response
to the treatments,

de Tail Welght,

At three weeks of age the strain had tails of different
weights once bhody weight differences were adjusted for. The HMTL
strain had the heaviest tail while the HMIS had the lightest taii.
The LC strains had tails of similar weight even though they
differed in tail lengtha.

At the finish of the treatment the LCB strain had the heaviest
tail which was significantly heavier than the LCA tail once body
weight differences were adjusted for. Therefore the LCB strain
has shown a greater increase in tail weight than has the LCA strain
during the treatment perdiod.

The hoi treatment caused a counsiderable increase in the tail
weight while the co0ld and medium treatment groups had tails of
similar weight even though differences in tail lengih were present
between the treaitment groups.

€a Abdominal Fat and Total Body Fat,

The resulis for body fat confirm the observations of Fowler
(1958) that at three weeks of age no differences are present for
the weight of body fat in mice selected for high and low body
weight even when body weight differences are adjusted for, At 6
weeks of age, the high body weight strain had a higher weight of
body fat, Once bedy weight differences were adjusted for
however, mice of the low body welght strain tended to have a higher
weight of fat than the high body weight strain, an observation alse
made by Towler (1958),

Fowler (1958) showed that after abvout 35 days of age, mice of
the high body weight strain commences to lay down considerable
amounts of fat whereas the low body weight strain does not and
continues protein disposition and bone growth to an advanced age.
Therefore, Fowler suggests that the different rates of growth in
mice of high and low-body weipght may account for some of the
differences in carcass composition.



&7

The results have shown that both body weight and body fat are
less in the cold treatment group but that the weight of fat but
not body weight were increased in the hot treatment groups.

Once body weight differences between the treatment groups were
adjusted for the low-body weight strains showed no differences in
body fat between the treatments, However, the high body weight
treatment groups with the het treatment group having a grealer
vweight of fat than the medium and cold groups which had similar
amounts of fat.

Barnett etal. (1959) showed that both body weight and body
fat (expressed as fat per 100gms. of homogenized carcass) were less
in mice born and reared in the cold than in mice boran and reared
in the control environment, In the present experiment if the
results were expressed as a percentage of body weight then large
differences are also present between the treatment group. Once
body weight differences are adjusted for by the use of ceyvariance
technigue however, differences are present only between the hot
and medium groups of the two long tail strains,

Therefore the situation found for rearing mice in the cold and
nedium environmentsis similar %o that found for selection for high
and low body weight at 6 weeks of age. Heroux (1958) has shown
that for mice exposed to cold temperatures (6°C) the reduced rate
. of body growth is due mainly to a& reduced rate of protein
deposition in the muscles. Other observers (Fleischner and
Sargent 1959, and Sealander 1952) have shown that if the cold
temperature conditions are not too severe, or if heat loss can be
kept to a2 minimum by huddling, nesting ete., food intake is
increased to a level which satisfies the heat reguirements and
permits further growth bhut at a reduced rate.

The results for body weight and body fat found in the study
support these conclusions, The reduced rate of growth in the colid
being due probably to a reduced rate of protein deposition with a
corresponding reductlon in the rate of fat deposition.

The reascons for the higher amounts of fat in the hot
treatment groups of the high body weight strains is not clear,
Young and Cook (1955) have suggested that the fat derived from the
diet is put to two primary uses,

Te it may be stored

2s it may be oxidized to supply energye.

They have suggested "that for mice in the hot environment there is
little if any need for fat storage as an insulating device or as
an available energy store. Because of the relatively low energy
requirements of these mice however, they have no alternative but
to store fat,”®

The present evidence deoes not support these conclusions as
the two low body weight strains did not lay down a greater amount
of fat in the hot environment. The increased weight of fat in the
hot environment is more likely to be due to an accelaration of the
normal fat deposition processes that normally take place from about
35 days of age onwards and not because the mice were forced to
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store fat. TFowler (1958) showed that in mice of the high body
weight strain show an increased rate of fat deposition from about
35 days of age onwards and the hot treatment could have caused
this process to start earlier or else caused the rate of fat
deposition to be accelerated above the normal level from 35 days
onwards. Fowler (1958) also showed the mice of the low body
weight strain did not show this increased rate of fat deposition
at any stage but appear to continue protein deposition and bone
growth to advanced ages.

The results obtained for abdominal fat have shown differences
to be present between the strain both at the start and finish of
the treatments however, no differences were present between the
treatment groups within the strains except for the HMTL strain
were significant (P 70.5) differences were present between the
hot and medium groupse.

Barnett etals. (1959) have shown that the weight of abdominal
fat (expressed as weight per 100gms. of carcass weight) was less
in mi eigpggwggngeared in the cold than in mice born and reared in
thef”‘ «"In this study differences were present between the
treatment groups if the weight of abdominal fat is expressed as a
percentage of body weight, Once body weight differences were
adjusted for by the use of a carvariance technique no differences
were present except for the HMTL strain.

fe Hair Weight and Pelt Weight.

The results for weight of hair for the LC strains confirm the
reports of other observers (Barnett 1959 and Harrison 1959) that
the weight of hair grown depends on the temperature at which the
mice are reared, This was so even though the treatments were for
a period of only three weeks.

The results for the HMTL strain, however, do not agree with
the results of other observers as no differences in the weight of
hair adjusted for body weight were present between the treatment
groupse. The reasons for the differences between the response of
the LC strains and the HMTL strain to the treatments is not clear.
There are however three possible causes of differences in hair
weight between the treatment groups, if it is assumed that all
mice starting the treatment had completed the first hair cycle.

Firstly the treatments may have delayed the start of the
second hair cycle and so clipping the hair at a set time (i.e. 6
weeks of age) would result in the hair being removed before the
second hair cycle is completed. Secondly the treatment may have
speeded up the hair cycle and by six weeks of age the third hair
cycle may be started. Therefore in this case hair from the third
hair cycle would have been included in the weight of hair,

Thirdly the treatments may not have influenced the hair cycles but
may have influenced the amount of hair grown within the second hair
cycle.

If the differences between the LC treatment groups are true
differences and not the result of hair cycle differences then it
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would auppear that differences exist between the LC and HMTL
strains, in the response to temperature treatments. Thus
differences between the LC treatment groups were expressed after
three weeks of exposure, but a longer period of exposure may be
needed before the HHTL strain would show treatment differences.

It has been suggested that in the sheep the gradient of
wool growth on different parts of the body are related to the
amount ¢f blood supplied to these various positions on body
{(Cockrem 1961}, An indirect method of measuring hlood supply is
by measurement of skin temperatures. Heroux (1959) has shown
that cold-acclimated rats have a greater number of capillaries
and a higher tissne temperature in the skin than conirol animalis.
These results indicate a greater blood circulation in the skin of
the cold-acclimated rat. If blood supply to the skin is related
to hair growth in rats, then it is likely that the higher
peripheral temperatures and greater blood supply to the skin of
the cold~acclimated rat would promote the growth of a greater
weight of hair, '

Cockrem & ifickham (1961) has reviewed the possible mechanisnms
by which a greater blood supply to the skin weould vromote the
groath of a greater weight of wool. These are:

1. The speed of chemical reaction is influenced by temperature
and & higher skin temperature may cause a faster rate of
conversion of substrates from the bleod to wool,

2o Higher skin temperatures are related to a greater cutaneous
blood flow and therefore it is likely thait a better supply
of nutrients reach the follicle,

Je Diffusion rates in general, tend to increase with temperature
and a higher skin temperatuvure may result in a greater supply
of fibre substrate reaching the follicle.

The results of Heroux (1959) and the discussion of Cockrem
& Ulickham (1961) may explain the lack of response of the HMTL
strain to the treatments, This strain may not have been able to
elevate peripheral blood filow and therefore peripheral
temperatures to the same level as the LG strains in the cold
treatment groupse. Therefore, because of the lower blood flow
and peripheral temperatures the HMTL strain was perhaps unable to
increase the weight of hair grown in the ¢old due to one or more
of the reasons discussed above.

Chase {(per com,)} has suggested that differences in the weight
of hair between the LC groups could be the result of differences
in the density of hair. He has suggested that within each of
the treafment groups different numbers of hair follicles are
actively producing hairs, A greaier number of follicles would
be active in the cold treatment groups and the least number aciive
in the hot {reatment groups,

| This would explain the greater number of hairs found on rats
(Heroux 1961} and mice (Sealander 1951) acclimated to cold than
in coz;trolso



The results obtained for pelit weight confirm the reportsof
other observers (Heroux and Gredgema 1958, Barnett 1959, and
Sealander 1351). The treatments had no effect on the weight of
pelt adjusted for body weight nor were differences found between
the four sirains once body weight differences were adjusted for,

The interest attached to the pelt in thermoregulation ji<S
in its insulative properties, which, as Heroux (1961) has pointed
out, can hardly be deduced from its weight, The hair, according
to Heroux {1958), provides most of the insulation. No attempts
have been made in this study to measure the insulation of the
pelt or hair but Heroux etal, (1959} and Hart (1953) have not
been able to show any improvement in the insulative properties
of the increased hair weight in cold-acclimated rats and mice
respectively. Barnett (1959) has some evidence which suggests
that there may be an increase in pelt insulation in mice in the
cold,

The resulis for pelit and hair weight for the strains suggest
that differences in the insulating properties of the pelig-hair
nay be present between the strain, Also it appears likely that
the strain have made different adjustments to the insulating
properties of the pelt and hair during the treatment period.

Thus if the hair provides most of the insulation, as Heroux
(1961) suggests, then it is likely that at & weeks of agd)] “EMTL
and LCE strains have a greater amount of insulation in the medium
environment provided by the greater weight of hair. At three
weeks of age however, all strains would appear to have similar
amounts of insulation provided by the hair because of similar
weights of hair,

Zo Food Intake.

Many workers have now shown that the amount of food consumed
by an animal depends to a large extent upon the temperature at
which the animal is living. Generally the lower the environmental
temperature the greater will be the amount of food consumed.
Efficiency of food utilization has alsc heen shown to be
dependant on the envirommental temperature and generally the
lower the environmental temperature the lower I the efficiency
of food utilization,

‘The results observed in this study confirm the observation of
Fowler (1958) that mice of the high body weight strains consume
more focd and utilize it more efficiently than do mice of the low
body weight strains, Fowler (1958) concluded that the
efficiency with which food is utilized is thus evidently gene
controlled and capable of modification by selecting changes in
efficiency and appetite heing positively correlated with changes
in growth rate,

This correlation is to be expected as body weight changes are
used to calculate efficiency. However, this does not alier the
conclusion that the efficiency of food utilization is capable of
being modified by selection.



Food intake was increased in the cold treatment greoups and
decreased in the hot treatment groups as compared to the medium
groups but strain differences were present in the degree of
adjustments Lo the treatments. Efficiencies of food utilization
were lowest in the cold f{reatment groups and highest in the hot
treatment groups. The strain that showed the greatest body
weight increase in each treatment was also the most efficient
strain. The HHTS strain showed the highest welight gain in the
hot ftreatment group and had the highest efficiency of fecod
utilization. This strain showed the lowest weight gain in the
cold and had the lowest efficiency of food utilization.
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Chapter VII.

FINAL DISCUSSION.

This study was designed %o investigate differences in the
responses of four strains of mice to high and low temperatures,
The four strains differed in body weight and tail length and the
relationship between these factors,

Harrison (1958) has suggested that the length of the tail of
a mouse is related to iis ability to loose heat, as a longer tail
could be a more efficient 'radiator' than a shorter tail. Cn
this hypothesis therefore, a longer tail should be an advantage
in a hot environment and a disadvantage in a cold environment
unless compensating physiological changes take place on exposure
te hot and colid temperatures,

Harrison (1958) based this hypothesis on two observations:w

1o Vice from which the tails had been removed at 21 days of age
were less heat tolerant to very high temperatures (41,7
GuDuB., 29.6°C.%.B.) at 8 weeks of age than were the normal
litter mates,

2., Mice acclimatized to hot temperatures (32°C.D.B., 29°C.W.B.)
had longer tails and were more healt tolerant to very high
temperatures than were control reared litter mates.

The results for itail length differ from those of Harrison
etal. {(1959) in that the short tail strains did not show the
greater tail length increase in the hot treatment. However,
within the long tail strains, mice of shorter initial tail length
showed a greater tail length increase than did mice of longer
initial tail length, This was not itrue for the cold treatment
where all strains showed a similar response to the treatuents,

The results obtained for body temperatures would suggest
that differences are presdnt in the ability of the four strains
to adapt to both high and low temperatures. The tail length
results, however, suggest that differences are only vresent in the
hot environument,

Aa Adaption to Cold.

lien homeotherms are exposed to low temperatures
physiclogical adjustments must be made to prevent a fall in body
tenperatures. The adjustments that take place are:=

ie 2 reduction in heat loss by improving insulation,.

ii., An increase in the rate of heat productiocn.

The results obtained in this study would suggest that these
two methods used to maintain heat production are of relatively
different importance in the four strains. Within the H¥TS strain,
which showed the greatest reduction in body temperature in the
cold environment, it appears likely that these mice were unable to
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raise thelir metabolic rate to a level high enough to maintain
body temperatures. Jithin the LCA and BMTL strains, the mice
appear to have the ability to raise metabolic rate to maintain
body temperatures at or near the same level as the control mice.
Insvlation also appears to differ between the HMTS strain and
the LCA and HMIL strains.

The LCB strain had a much higher proportion of deaths in the
cold environment than did the other three strains. Mice dying
in this strain tended %o be the mice of lower initial body weight
and all mice dying showed very low body temperatures before death,
Therefore, in this strain body weight appears to be related to
the ability to maintain body temperature, Body weight in this
strain, therefore, is related to either the ability to raise the
metabolic rate or to increase the amount of insulation,

Deaths in the HMTS strain in the c¢old were not related fo
body weight and therefore body weight in this strain does not
appear to have been an important facior in the maintenance of
body temperatures,

Body welghts were reduced in the cold in all four sitrains
as compared to mice in the medium groups. The resulits for
weight of total body fat showed that the reduced body weight at
6 weeks of age was not due to fat. Once body weight differences
were adjusted for, the medium and cold treatment groups had
similar regression lines in all four strains. Heroux (1958) has
shown that at 6°C. much of the reduction in body welght is due to
a reduced rate of catabolism. The resulis have shown that mice
of lower initial body weight in the high body weight strains
showed a greater body weight gain than have mice of lower initial
body weight in the low body weight strains. These results would
suggest that mice of lower initial body weight in the low body
weight strains how a greater reduction in catabolism than did
mice of lower initial body weight in the high bedy weight strains.

For the LCB strain it was suggested ahove that the ability
to maintain body tenmperatures is related te body weight.
Therefore, it would appear likely that in this strain mice of
lower initial body weight were unable to raise metabolic rate to
the same level as did mice of lower initial body weight in the
high body weight strains,. However, insulation differences
between the strain may also have had anrn influence.

The results for peli weight at 3 weeks of age showed that
differences were present between the strains, The high body
weight strains had a significantly heavier pelt than 4id the low
body weight strains, once body weight differences were adjusted
for. Hair weights, however, were not significantly different
between the strains., Heroux (1961} has poinited out that the
insulative ability of the pelt can hardly be deduced from its
weight and furtheyr points out that most of the insulation is
provided by the hair. If the heavier pelt weight of the high
body weight strains is the result of a greater weight of
subcutanecus fat than it is likely that at three weeks of age the
high~body weight strains have a greater amount of insulation than
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do the low~body weight strains,

The food intake results support the conclusion that the low
body weight strains have less insulation {which includes tail
insulation) in the cold. These strains consuned as much food,
or more in the case of the HMTS strain, as the high-body weight
strain in the early stage of exposure, yet still had difficulty
in wmaintaining body temperatures, This wonld suggest that the
low-body weight strains had a higher heat loss than the high
body weight strains, However, Fowler (1933) has some evidence
which showed that the highebody weight strain was able to absord
a greater amount of protein from the diet than 4id the low-body
weight strains.

These conclusions are supported by the results of the
c@variance analysis of mean body temperabture over the last ten
days of the treaitments adjusted for final body weight. In the
cold treatments, mice of higher final body weight &1lso had the
higher mean body tenperatures. This would suggest that mice
able to control heat loss or else raise heat preduction to
maintain a higher body temperature were the mice with the higher
final body weight.

Changes in pelt and hair weights have occurred in the strains
during the exposure period. o differences were present bpetween
the strains for velt weight once bhody weilght differences were
adjusted, but the long tail strain (HMTL and L{B) had significantly
heavier amounts of hair than did the LCA strain (the HMTS strain
was exciluded from the hair weight analysis), at 6 weeks of age.

43 the hair provides most of the insulation (Heroux 1961), it is
likely that the LCA strain has less insulation than the itwo loug
tail strains,. Both the LCA or HMTL strains however, have made
similar body weight gains in the cold treaiment, even though the
LCA strain appears to have less insulation at & weeks of age than
has the IMTIL strain. This may be related to loss of heat through
the tail. The short tail LCA strain may lcose less heat through
the tail than the HMTL strain,

B. Adaption to Heat.

In a hot environment the adjustments that homeotherms can
make to regulate body temperatures at a constant level are:-

ie Increase heat loss by reducing the amount of effective
insulation, This also includes sweating and pantinge.

ii, Decreasing the rate of heat production by lowering metabolic
rate and reducing the amount of voluntary activity.

The results have shown that the four strains have responded
differently to the hot treatment. The LCA strain had the higher
body temperature over the early period of exposure andshowed the
greatest reduction in food intake and also showed a reduced rate
of body growth, Therefore it would appear that this strain is
the least adaptable to the hot environment, However,; during the
middle stages of exposure this strain showed the greatest

¢



reduction in body temperature while the LCB strain showed little
or no reducition in body temperature.

It was shown that the high-body weight strains had a greater
nelt weight at 3 weeks of age than did the low~body weight strains.
This, it was suggested above, would mean that the high-body wéight
strains had the greater pelt insulation at this age. However,
the high-body weight HYMTL strain did not show the same hody
temperature rise that the LCA strain showed. This would suggest
that the HMTL strain is able to decrease the amount of effective
insulation to a greater degree than has the LCA strain, perhaps
as a consequence of the longer tail. The LCA strain alsoc added
a smaller weight of hair than did the HMTL and LCB strains which
conld account for its greater reduction in body temperature
during the middle stages of exposure,

It was shown that the high-body weight strains had a greater
welght of fat in the hot treatment than in the medium and celd
treatment groups. This was probably the result of an
acceleration in the normal increased rate of fat deposition that
takes place in the high-body weight strains from 35 days of age
cnwards (Fowler 1958), However, the reduced rate of growth of
mice of lower initial body weight in the low-body weight strains
as compared to mice of lower initial body weight in the high-body
weight strains, cannot be explained in terms of bhody fat because
all mice in the high-body weight strains showed the increased
weight of fat in the hot tyreatment. The explanation is probably
the same as for mice in the cold i.e. & reduced rate of catabolisn.

In the hot environment, a lower mean body temperature, over
the last ten days of the treatment, was related to & higher final
body weight. Therefore, the ability to dissipate heat appears
te be related to body weight. This would suggest that mice of
Jower dinitial body weight in the lower-body weight strains nay
have had difficulty in dissipating heat. TFowler (1962) showed
that nice of the low=body weight strains have a lower energy
expenditure per day than do mice of the highebody weight strains.
However, at the same body weight both the large and small strains
had similar energy expenditures per day. Therefore, it is likely
that the LC and HM strains have similar energy expenditures per
day in the medium treatment once body weight differences are
adjusted for, However, it is likely that differences are
present in the hot environment. The LCB strain consumed more
food than the LCA strain in the hot whiech would suggest that
this strain had the higher rate of heat productlon This strain
maintained its body temperature about 0. 3°C to 0. 5°C above that
of the medium group for the wheole treatment period. Even with
this high body temperature for the duration of the treatment it
is likely that the LCB sirain has dissipated more heat to the
environment than the LCA strain. It was shown however, that the
LCB strain showed a greater increase in hair welght during the
treatments than did the LCA strain. Therefore, it is likely that
the LCB strain had a greater amount of insulation but was still
able to dissipate the extra heat, This extra heat may have been
dissipated through the longer $ail of this strain,



These results would suggest that the tail may be an
important means of heat dissipation in the hot treatment, This
may however, only be so during the initial stages of exposure %o
a hot environment.

The results for the HM strains would suggest that body weilght
is important in determining their heat less, also. These two
strains showed similar prises in body temperature con exposure to
heat and had similar food intakes. Therefore, it is likely that
they produced similar amounts of heat. Because of body size,
however, the HMTS strain would be dissipating more heat per unit
area than the HMTL strain, even though it had a shorter tails

Therefore, the tall as a means of dissipating heat may be
of different importance in the long and short tail strains,
This would explain the greater response in growth in tail length
in mice of shorter initial tail length in the long-tail strains,
The short tail strains dissipated heat more efficiently from the
body surface than do mice of the loag tail strains. On the
other hand, the long-tail strains dissipate heat more efficiently
through the tail,

These results would suggest that differences are present
between the strains in the way in which they adapt themselves to
high or low environmental temperatures,
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SUMMARY ,

Four strains of mice were exXpesed fto BOOC, 21°¢ ana 7°C for
the periocd from weaning {23 days of age) to 6 weeks of age in
order to investigate the possible differences that might exist
between the strains in their resronses to these environments.

The four strains differed in body weight and %ail length and in
the relationship between these two characters. The four strains

wereil-

iLCA
LCB
HHTL
HMTS

High body welight, short tail.,
Low body weight, long tail.
Long tail Himalayan,

Short tail Himalayan.

The results have showni-

1,

2o
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Body weight and tail length at 6 weeks of age was less
for mice reared in the cold than for mice reared in the
medium environment,

Tail length was increased in the hot environment but
body weight was not.

Mice of lower initial body weight in the low-body weight
strains showed a smaller body weight response to all
treatments than d4id mice of lower initial hody weight

in the high-bedy weight strains,

Mice of shorter initial tail length in the long tail
strains showed a greater tail length response to the
hot treaiment than did mice of longer initial tail length,

Rate of body-weight growth differed between the strains
withir each of the treaiments..

The medium and cold treatment groups had tails of
similar weights within each strain, The hot treatment
groups had heavier tails than the medium and cold
treatment groups even when body weight differences were
adjusted for.

The LCB strain showed the greatest increase in tail
welght during the treatments while the other strains
showed similar increases,

Strain differences in pelt weight were present at 3
weeks cf age but at 6 weeks of age no differences were
present once body-weight differences were adjusted for.

Ho differences were present for the weight of hair at

3 weeks of age but at 6 weeks of age the LCB and HMTL
strains had a sipgnificantly greater amount of hair than
the LCA strain once body welght differences were adjusted
for. Treatment differences were present for the LC
strainzs but not for the EMIL strain. The cold

treatment groups had a significantly heavier weight of
hair than the medium treatment groups, while the hot
treatuent groups had the least amount of hair in the

LC strains.
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10. Yo differences were present between the strain for the
weight of total hody fat at 3 weeks of age. At 6
weeks of age no differences in the weight of total bedy
fat were present between the treatment groups of the low
body weight strains. In the high-~body weight strains
the hot treatment groups had a significantly greater
amount of body fat than did the medium and cold
treatment groups.

11, Strain differences were present for the weight of
abdonina) fat at 3 weeks of age once bhody weight
differences were adjusted for. At 6 weeks of age
strain differences were present bui treatment
differences were vresent only for the HMTL strain once
body weight differences were adjusted for.

12 ALl strains showed hypothermia during the first few days
of exposure to cold, and body temperaliures were raised
in the hot treatment groups. By the end of the
treatments however, the ccld treatment groups had the
higher body temperatures and the medium groups the
lower body temperature,

13, Differences were present in the amount of food consumed
between the sitrains and between the treatments,
Efficiencies of food utiligation also differed between
the strains and heiwesen the treaiments.

1, Possible differences between the strains in the control
¢ heat leoss are discussed in relation to the adapiion
to the different environments,
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