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INTRODUCTION

Fisher and wright in the early 1920's were largely responsible
for the mathematical theory on which present day population genetics is

based. Lush (1945) applied this theory to animal breeding problems.

Mendelian theory formed the basis for the genetic theories of
populations just as it did for individuals. But now many genes were
consiaered to be associated witn the productive characters that were
studied and a continuous rather than a discontinuous scale of measure-

ment was used.

Up to now a large proportion of animal breeding research has
been devoted to the estimation of phenotypic and genetic parameters
based on the assumption of additive genetic variance. But many
laboratory selection experiments have demonstrated the importance of
a wide variety of gene and chromosome interactions which would suggest
a more careful evaluation of the additive nature of gene action is
needed. Selection theory would suggest that the estimated genetic
parameters may not adeguately predict selection response over a long

term experiment.

The mathematical theory of population genetics has always
tended to outstrip both verification of these theories with laboratory

species and practical application of these theories to domestic species.

For example the nature of genetic variation of metric
characters, moulded by natural selection during evolutionary history,

and the relationship between genetic variation of metric traits and



'fitness' are questions which need considerably more study (Robertson

1955, 1958, 1963).

Because population genetics deals essentially with genes and
final genotypes there still remains a vast developmental gap between
the two (Rae 1958). Thus although population genetics theory, as
applied to animal oreeding problems, has succeeded in bringing about
significant genetic changes in population, it could still be said that
this approach has to some degree only defined the problems, rather than

actually solved them.

Physiological genetics is the study of developmental and other
processes through which genetic differences come to expression as phen-

otypic differences.

#right (1941) discussed in some detail the physiology of the
gene as it was then understood with particular reference to his work on
the interactions of genes and substrate to produce melanin pigment in
the guinea pig. More recent work in this field has confirmed and
expanded Wright's theories. Thus although genes were first postulated
from their end effects expressed in different phenotypes, the biochemical
discoveries of deoxyribose nucleic acid (DNA) as the genetic material
and the rapid advances in knowledge of the nature of gene action, now
provides a definite basis for further advances in developmental genetics.
A few steps in the chemical pathways of pigment production in mice,
drosophila and some plants have been discovered, but the complexity of
higher organisms has discouraged extensive experimentation in this field.
Because fewer steps intervene between the gene and the phenotypic character

in relatively simple organisms such as protozoa, yeast, bacteria and



viruses, most investigations have been concentrated on these organisms.

Another approach which has been developed is that of canalis-
ation - the tendency for a developmental process to produce a definite
end result in spite of the genetic and environmental forces tending to
produce variability (4addington 1957). The disruption of canalization
(or the uncovering of genetic variability in an invariant character) by
either genetic or environmental means has been demonstrated in laboratory

species.

Cockrem (1962) has discussed a possible approach for the
selection of domestic animals on physiological traits. As Cockrem
pointed out, the knowledge of domestic animals' physiology, biochemistry,
endocrinology and other fundamental developmental processes has increased
markedly, as have the technijues available to study these processes in
more detail. Tnis physiological approach has been used for the analysis
of the effects of the N gene in Homney sheep (Cockrem 1956) ana to study

face cover relationships in Romney sheep (Cockrem 1967).

Although population and physiological genetics have to some
extent developed along separate paths, there is obviously a fundamental
and important connection between the two. Thus a number of population
geneticists (Rae 1958, Robertson 1958, 1963, Cockrem 1962, Turner 1964
and Freedeen 1966) have suggested that the future of animal breeding
research lies in a closer liaison between the geneticist and the other
biological disciplines. If there was more knowledge of the physiological
and other processes governing the variability in the characters which are
being selected, the efficiency of selection may be increased by selecting

nearer and nearer to the gene action (Cockrem 1962). Also the mechanisms



by which some breeds, or individuals within a breed, adapt to certain
environments better than others may be studied at a more fundamental
level. Another way to use this approach is to select two or more

lines from a common base population and then study possible physiological
differences between these lines. Work of this type has had some success

in laboratory species, especially mice (Roberts 1965).

This thesis study uses known and postulated physiological
functions of the tail as a basis to study the genetic correlation between

tail length and body weight in the mouse.

Selection has been carried out for body weight in the mouse in
three temperature environments. I'he correlated response of tail length
and other characters were also observed. ihile tail length is temperature
labile (greater tail length growth in a hot environment than a cold
environment), there is also a fairly strong genetic correlation between
body weight and tail length (Falconer 1954). It has also been suggested
that the functional reason for the increased tail length in a hot environ-
ment is that it acts as a 'heat radiator' (Harrison et al., 1959), while
this suggestion has been refuted by other workers (Cockrem 1963, Barnett

1965b).

Cockrem (1959) showed that it was possible to produce lines of
mice with opposite relationships to those predicted by the genetic corre-
lation between body weight and tail length, by using an appropriate
selection technique in a temperate environment. In this study the
possibility that a similar result may bé bbtaiued by selecting for body

weight in hot and cold environments is also being investigated.



In conclusion it could be said that this experiment is

studying three major factors:

1e Selection response and associated correlated responses

in three temperature environments,

2. Possible genotype-environment interactions between the
selected lines and the three temperatures and possible

changes of genetic correlations in different environments.

3. The relationship between body weight and tail length in
the mouse with special reference to the function of the

tail as a thermoregulatory organ.
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Chapter I

REVIEW OF LITERATURE

INTRODUCTION

This thesis topic involves the major fields of genetic and of
temperature effects on body weight growth in the mouse as well as the

appropriate correlated aspectis.

The relevant literature is therefore considered in these two
major sections with a third smaller section reviewing maternal effects

and fertility in the mouse.

A. GoNETIC a4SPuCIlS CF GROwTH

Review articles by Chapman (1951, 1961) and Roberts (1965)
cover most of the relevant material on selection for body growth in
the laboratory mouse and rat. The theory and analysis of selection
experiments, using results from the laboratory mouse, are also covered

in the book by Falconer (1960a).

: 1 Selection for body weight

Several experiments on selection for body weight in mice have

been described and these are summarised in Table 1.



Scummary

TABLE 1

of selection experiments for body weight in mice

reference

Base Population

Type of iselection

-

o= . . =
fealised h

Selection Limit

Remarks

Gooaale (1938, 1941)

5 male and 11 female
albino mice.

Progeny test. Une
male mated with about
five females. Selected
for body weigut at 60
days of age.

Not available.
Response = 0.6
gm/generation,

Limit reached

sfter about 28
genercations. lMales
tnen averzged cbout
4% gms c«f. the
starting point of
about 25 gms.

No control line kept

&
Macirthur (1944a, 1949) 3ix inbred strains 3elsction for high and Nealised h° declined Limit after about 23 I'wo=-wzy selection
crossed. low 60-day weizght. from 254 to 10% over 21 senerations. Large also provided in-
Combination of mass and gencrutions. (Resgponse line males then about built control.
sib selcction with some measured &s aivergence 38 gms, smsll line asymmetry of
progeny testing. Mating between hign ana low nules averaged about resyonse - greater
at random,; each msle with lines). 606 of totsl 12 gus. Divergence resgonse Upwards.
several females. change in first 7 gener- of 21 times the orig- Sue to change of
afions. inzl genetic stunderd variaznce witia tle
deviation. mean. sumber of |
correlsted responses |
1 notede. h
=
fuleoner (1953, 1955) Four inb selection for high and Realised h° 204 for liesponse cezsed in Correlated respon-

red strains
crossed (N-strain).

low six weex welght.
within litter selection -
one wele wnd one female
from each family. Bix
pairs mated per genera-
tion at random with no
sib mating. Litter
size standardised to
eight mice.

upward selection and 50k
fqr downward. Lkealised
h" calculated frow the
divergence was 354

both lines after
wbout 20 generstlionss
Large line about 28
cnd small line 12 gm.
Divergence of 16 times
the original genetic
standard deviation.

bm

ses noteda., Causes
of asymmetrical
response ulscusseds
Further discussed
by Falconer (1960a)




contdees

deference

Base Fopulation

Type of Selection-

Kezlised h

Selection Limit

Remarks

sahnefeld et al.

(1963)

Reelprocal cro
inbred strains.

E &S

ass selection for
Z

growth between 3% and

. e
Realised h~ about 100.
Heritubility estimztes

Progress still

b'&'ihb made after

H4ighly inbred line
45 4 control pop-
ulation.

a5

& weeks of age. varied from 224 to 26p. 17 generations.
Chan_e in mean growth
4 to 5 gms - six
times tune originasl
scenetic standard
adeviation.
| Satherland et als (1965) [hree selection lines with hass selection for Realised heritatilities Only ten generations Generations 10 to
(abstract onlyJ. diverszz crigins plus a gaining ability between were 2ho, 274 and 30u of selection reported. 14 selecticn for
control line. L uni 11 weeks o in the three lines. Limit not yet reached. efficlency focd

consumption and

e o PP |
géin, respectivelye.




In other experiments large and small strains of mice have

been crossed to examine further inheritance of size in the mouse.

Butler (1952) made five crosses between mice of different
bedy size, which included MacArthur's and inbred strains. In all five
crosses the F1 and F2 means were intermediate between the parents.

The backcross means were half-way between the F1 and the respective
parent. Butler concluded that on a gram scale at least part of the

factors which affect body size are proportionate rather than additive.

Chai (1956a, 1956b) used the same approach and came to
similar conclusions, although using completely different strains in

his crossese.

Lewis and warwick (1953) also utilized MacArthur's lines in
an experiment where the large and small lines which had reached a limit,
were crossed with an unselected control line from the same strain.
Selection for large and small 60 day weight was effective over five
generations in both inbred and outbred populations derived from common
— parent stocks. The realized heritability was only slightly lower in
the inbred line (42% and 37% respectively). Presumably an infusion of
genes from the base population was responsible for the renewed response.
This was also found by Falconer and King (1953) who crossed MacArthur's
and Goodale's lines which had reached a limit and obtained a renewed

response to selection for body weight.

These selection experiments reviewed here, although employing
different methods of selection, different.base populations and different

management procedures, haie showﬁ‘that selection for body weight is



feasible and that a realized heritability in the range of 20% to 40%

is usually obtained.

Falconer (1955, 1960a) has estimated that many genes of
approximately equal effects contribute to the additive genetic variation
of body weight in mice. Asymmetry of response is a fairly regular
occurrence in two-way selection experiments, but it is often difficult
to differentiate between various possible causes of asymmetry of response

(Falconer 1960a).

Heritabilities are a function of a particular population and
a particular environment (Lush 1945, Falconer 1960a). Thus responses
to selection should not be expected to be the same in different selection
experiments. However, allowing for the many differences outlined above,
the responses to selection for body weight in different experiments have

been remarkably similar.

2e Genotype-environment interaction involving weight

A genotype-environment interaction occurs when the ranking of

a number of genotypes changes when the environment changes.

The existence of genotype environment interaction may mean that
the best genotype in one environment is not the best in another environ-
ment. This is of importance in animal breeding, since the prevalence
and intensity of genotype-environment interactions will determine the
degree to which animals will need to be selected in the environment in

which they are to be used.

Hammond (1947) suggested that animals should be bred in an



optimum environment for the maximum expression of their genotypes. He
further postulated that animals so selected would still be superior when
transferred to poorer environments. At this time there was no objective

evidence to judge the validity of Hammond's premises.

Falconer (1952), in a theoretical study of the problems of
environment and selection, pointed out that, if only two different
environments are considered, then genotype-environment interaction may
be expressed as a genetic correlation. Thus performance in the two
different environments can be regarded as two different characters which
are genetically correlated. The theoretical conclusion was that the
expectation of a great increase in heritability would be the only justi-
fication for favouring selection in an environment other than the one

in which the improved breed was required to live.

Falconer (1952) only considered two different environments,
but Robertson (1959) and Dickerson (1962) have extended the theory to
the case of more tnan two environments. It is now more convenient to
estimate the average degree of genetic correlation from the orainary
components of variance for genotypes and for interaction. The errors
involved in this method and the optimal structure for analysis are

discussed by these authors.

McBride (1958), who has reviewed genotype-environment inter-
actions as they affect animal breeding, has noted that two main experi-
mental approaches have been used to study genotype-environment interactionms,

which he called the static and dynamic approaches.

The static approach screens the normal range of genotypes found
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in a population in two or more environments.

However the importance of the environment in selection studies

can only be answered conclusively by actually selecting in different

environmental conditions, that is, a dynamic approach.

(i)

(ii)

Dynamic approach

The different selection experiments for body weight in
different environments also lend themselves to tabulation

(Table 2).

The general conclusion is that animals should be selected
in the environment in which they are to live, which is in
agreement with Falconer's theoretical conclusion. But the
asymmetrical correlated response, found in both Falconer's
experiments, was not expected. Falconer (1960b) found that
over the first few generations the results were in reasonably
good agreement with the theory and suggested that the discrep-
ancies probably arose from changes of the genetic parameters

which tock place during the course of selection.

Bohren, Hill and Robertson (1966) have also studied this
problem using both algebraic treatment and computer simulations.
They suggest that any symmetry found in correlated responses is

perhaps more surprising than asymmetry.

Static approach

As well as the dynamic approach, a number of workers have

used the static approach.



PABLE 2

Summary of selection experiments for body weight in different environments

neference

Buse Population

Type of Selection

Environments

Realised h2

Change of
snvironments

Remarks

Falconer and
Latyszewski (1952)
|
|

|

Four inbred strains
crossed (N=-strain)

selection for high
six week weight.
Selection within
litterse. Mating at
random with no sib
matinge. Six single
pair matings per gen-
eration. Une imnule and
one femsale from each
family. DLitters
standardised to eight
mice.

Cne strain fed

ad lib. while the
other restricted to
about 755 of normal
intake, from weaning
at 3 veexs until 6
weeks of age. Restri-
cted aiet reduced 6
week weight by about

1 O.lb L]

29% on restricted
diet and 204 on full
diets Selection
over ei ht gener-
ationse.

Made after 5, 7

and 8 generuztions

of selection. when
reared on full diet
the full diet strain
were just superior
to tane restricted
diet strain. On
the restricted ciet
the restricted aiet
strain were superior,
the full diet strain
showing no improve-
ment over the
unselected level.

conclusion was
that should
select animals
in the environ-
ment in which
tuey are to live.
But asymmetrical
correlated
response not
explazineds Also
some correlated
responses noted.

stock =

SR Lot A
COILES LI ab

o
o

i T 5n P Al it Tt
t:,, +I00L CI'Cocoflo

between bBate

nigh lactation line,

Facarthur!
Goodale's
lines and
C57BL/Ta.

strain.

8 &nd
large
the

inktred

fed normal
diet ¢ 1libs Other
line fed normal diet
ad 1ibe c

50,0 aigestable fibre.

une lins

piluted with
Low uiet fed from 3
to 6 weeks of age -
reduced growth by
about 2Cue

Upwara selection -
nighplane 26p, low
plane 310. uJown-
rd selection -
high plane 424, low
plane 25k, Calcu-
latea up to
generation seven.

Thirteen gener=tions
of selection - ecucl
generation growta of
all four lines n
ured oan high and low
planess Selection

for increased growth -
best 'all-round'
performunce from
selecticn on low

plane as before.
Selection for decreased
growth reduced growth
on high plane only by
selection on high plane,
while growth on low
plane was reduced
equally by selection

on high and low planes.

D
()

i
]

General result -
select in the
environment in
shich snimals are
to live. If gooa
performance under
a variety of con-
ditions Lis
desired, then
selection should
be mzae under the
conditions least
favourapble to the
desired express-
ion of the
character.
Asymmetry of
resgonse between
up and down lines.




TABLE 2 Contd.ss

Reference

Base Population

Iype of Selection

knvironments

Realised h2

Change of
Environments

Hemarks

Park et al. (1966)

Four highly
inbred lines of
albino rats
crosseds

Mass selection for
post weaning gain
(3-9) weeks of age)e.
20-30 single pair
matings per line.
Litter size standard-
ised to six. Also
random bred control
line.

Three feeding regimes -
(1) ad lib. feeding of

standard diet (full
feeding - F.F.)

(2) Restriction of feed
or less of

intake to E
F.F. (low feeding =
L.F.)s (3) 4Ad 1libe.

feeding of diet with
only 144 protein (low

protein - L.P.)

F.Fo - 10-51‘7
h.F. -~ 5.7/0
L-Po - 110916

Selection for 17
generations.

sxcnange of environ=-
ments in generations
be S5 8 10 s I3
and 17. Vhen comparecd
in each regime, the
selection line
developed in that
regime tended to give
a larger response
than those developed
in other regimes.

Some evidence
that F.F. line
more adaptability
in other environ-
ments than L.F.
of L.P. lines.
L.P. line only
selected from
generations 1-=6
and generations
11‘170

Dalton and
Bywater (1%63)

4 inbred strains
crossed.

belection for litter
size snd litter weight
at weaning (25 days of
age)s Largest whole
litters selected and
whole litters who were
neaviest at weaning.
Mating at rundom = no
sib mating. 4lso
rzndom bred control
line in each diet.

Normal diet and
diluted ciet (30w
cellulose added) fed
ad libe.

Litter size = 6%
normal ciet =25
diluted aiet.
Litter weight

6% normal diet
=20 diluted diet.
High correlation
between litter
size and litter
weight,.

No significant respon-
se was obtained to
selection for litter
size or litter weight.
Ine diets used did not
bring about a aiffer-
ential response to
selection for the
traits and tne
response to the die-
tary switch wus small
and temporary in its
effect.

Due to strong
maternal effects
and low h~, no
selection
response for
litter size or
litter weight

at weaning in
these mice.

Korkman (1961)

Wild agouti-type
mice originally
captured prior

to 1957 and
selected for
large and small
sex difference.
These two strains
crossed.

Within litter selec=-
tion for 40-day body
weight. 15 pairs
mated per generation.
Least related mice
mated.

Normal aiet - mice
bread and wheat germ
ad libs Low plane-
feeding every
alternate day. Very
low plane of
nutrition.

High plane = 22%.
Low plane - 7n.
Low plane mice
averaged 12 gms
at 40 days of
age and high
plane mice 19
gElMSe

Selection for 18 gen-
erations. Changes of
environment in 7th,
10th, 13th and 16th
generations, Mice
selected in their
environment superior
to mice selected in
other environment and
tested in new environ-
mente.

Conclusion -
performance best
improved by
selection in that
plane of nutrition
in which the per-
formance is
subsequently to

be measured.
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Young (1953) studied genotype-environment interactions
in the growth rate and reproductive performance of three strains
of mice when kept in two food and two temperature environments
arranged in a factorial design. The results were largely

negative, but three positive interactions were found.

Bakels (1963) tested four sire progeny groups of albino
mice on two diets varying in protein content. The 15 day litter
weight was measured and then corrected for weight of dam immediately
after parturition and litter size. Analysis of variance using
the corrected litter weights revealed that there were no sig-

nificant interactions between sire groups and diets.

Barnett and Scott (1963) showed that inbred strains of
mice A and A2G, pborn and reared at an environmental temperature
of -3°C, were lighter at the ages from 3 to 16 weeks than were
the controls at 21°C.  But the body weight of mice of strain
C57BL was unaffected by the low temperature. Also the growth

of two F1 strains of mice was not depressed by the cold.

Barnett and Coleman (1960) revealed an enhancement of
heterosis in the cold environment. F1 mice obtained by crossing
A2G and C57BL mice were found to be more fertile than either
parent at 21°C and -3°C. But the difference was muﬁh greater
at -3°C where about five times as many mice were reared by the

F. mice, as by the inbred lines, while at 21°¢c only twice as

1

many mice were weaned by the F1 parents.

Harrison (1963) showed that growth was depressed in a hot

environment (32°C) in two inbred strains and the F, hybrid.
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But the magnitude of this depressing effect differed in the
different strains, the F,| hybrid being least affected. The
difference in the growth of the hybrids and inbreds also
showed that, at least for the inbreds, a high temperature was
favourable for growth in young animals, but unfavourable for

mature mice.

Cockrem (1963) exposed two strains of mice differing
in body weight-tail length ratio to three temperatures
(7 21 and 32°¢). For both strains and sexes of mice, the
cold (but not the hot) environment depressed body weight
growth. There were no interactions and the effect of the

temperatures was proportional in both strains of mice.

Bigham (1965) stucied the responses of four strains of
mice in the same three temperatures that Cockrem used. Light
different characters of the mice were studied, which included
body weight and tail length and the relationship between these
characters. Rate of body weight growth (3 to 6 weeks)
differed between the strains in eacn temperature environment.
It was concluded that differences were present between the
strains in the way in which they adapt to high and low environ-

mental temperatures.

To obtain a general picture of the significance of
genotype-environment interactions would require very many
strains and environments to be tested as Young (1953) has
noted. The conclusion from these static approach experiments

would seem to be that, unless a severe modification in the
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environment is encountered, genotype environment interactions

for body weight in mice are not very important.

Park et al., (1966) have also noted that any generality
in deductions made from different selection experiments
investigating selection in different environments are limited

by the specific conditions of each experiment.

Table 2 reveals that to date selection has only been
studied in different nutritional environments. As in practice
different environments are as much due to differing climate,
as well as differing nutritional levels, any results of selection

in aifferent temperature environments could be interesting.

L Correlated responses to selection for pody weight

Falconer (1960a) and Lerner (1950, 1958) have discussed the
theoretical treatment of correlated responses and phenotypic and genetic
correlations. Lerner (1958) has pointed that there is a large volume
of literature noting that correlated responses have occurred, but very
often these studies have been in a form that could not be critically

examined.

Falconer (1954) used a selection experiment with mice to check
on the valiaity of the theory of genetic correlation. Two-way selection
was made for weight at six weeks in one pair of lines and for tail length
at the same age in another pair. The responses and correlated responses
of both characters were observed in both pairs of lines. Selection
was made within litters and response (measured as the divergence between

the upward and downward lines) was observed over six generations.
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Estimates of the genetic correlation between body weight and tail length,
calculated separately for the two pairs of lines, were 0.62 and 0.57.
Falconer therefore concluded that this good agreement showed that the
theoretical treatment of genetic correlations adequately accounted for

the correlated responses to selection actually observed.

Cockrem (1959) also used body weight and tail length in mice
in a selection experiment to test whether strains of mice could be
produced with opposite relationships to those predicted by the genetic
correlation. Genetic correlation estimates in Cockrem's base population
were 0.66 for males and from 0.77 to 0.92 for females which were in
reasonable agreement with Falconer's estimates. Selection was then
made on the deviations of the actual body weight at six weeks from the
expected values. The expected body weight was estimated from the
observed length of the tail by use of the phenotypic regression of body
weight on tail length. Lines for positive and negative deviations were
selected ana reported after six generations. A definite response was
observed and two lines of mice, L.C.A. (high body weight - short tail)
and L.C.B. (low body weight - long tail) were formed. It was concluded
that the presence of a genetic correlation does not preclude the formation

by selection of different combinations of correlated characters.

Cockrem's results could be interpreted as being due to either
pleiotropy or linkage of the tail length and body weight genes. Linkage
is less likely to occur between any two genes in mice than drosophila, as
mice have a greater number of chromosomes. Howevér, Roberts (1967)
concluded that limits to artificial selection for body weight in the mouse

may be due to linkage in the lines he studied.
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But pleiotropy, the condition in which a single gene influences
more than one character, is more likely to explain Cockrem's results. If
indeed a proportion of the genes are pleiotropic for tail length and body
weight then further selection for tail length alone should give the
correlated response of body weight which would not occur if linkage was
the cause of the correlation. kxperiments to test this hypothesis have
not yet been analysed. There is also the possibility that pleiotropic
genes may be influencing the two characters in the opposite direction.
Thus, although overall there is a positive correlation, there may still

be some genes contributing a negative covariance.

Most of the selection experiments already reviewed have noted
correlated responses assoclated with selection for body weight. The
selection lines once formed have also provided ideal material in which
to study these correlated responses in more detail. These correlated

responses are summarised in Table 3.

A large variety of correlated responses to selection for body
weight have been noted and the detailed study of some of these correlated
responses (Fowler 1958, 1962, Fowler and Edwards 1960, and kdwards 1962)
has demonstrated that several physiological mechanisms have been affected

during the course of selection for large or small body size.

As well as Hull's (1960) and Fowler's (1958) results on carcass
composition showing that differences can occur in selected lines in fat
percentage, Fenton (1956) has also obtained a similar result. He studied
two strains that both laid down fat at a similar rate until 6 weeks of age.

Then the C57BL/FN strain increased its percentage of fat in the carcase



TABLE 3

summary of correlated responses to selection for body weight in mice

fZeference

Selection Experiment

Correlated Responses

Macirthur (19440b)

Two-way selection experiment

Largze line was more docile and inactive than the small, had comparatively shorter ears, feet

=nd tall, were more ecomomical in gains from food eaten, developed faster, bred a little earlier,
had a higher ovulation rate and produced more young per litter. Falconer znd King (1953) noted
that while Goodale's mice were large-bodied but not very fat, MacArthur's large line were smaller
in linear dimensions, but were very fat.

Falconer (1953, 1955)

Two-wzy selection for 6 week
Neight.

Compared with the small line, the large line had longer tails, had higher twelve-dsy anc three-

week weizhts, had a larger litter size and were less active. The number of fertile matings
and post-natal viability fell in both lines.

alconer and

atyszewski (1952)

=l

Selection for 6 week weight
on high und low planes of
nutrition.

Fertility increased in both strains. 12-day litter weight (milk yield) remained steady in the
first lactations, but in the second lactations it declined in boti strains. Phe fot content
of the mice of the full diet strain was azbout 24% greater than tae restricted diet mice after

8 generations of selscticn, when both reared on the full diets

Fzlconer (12600) ‘wo-nay selection for post- T'he mice produced by celection for increased gros«th on tae low plane, bat luter rearec on the
weaning growth on high ancd high plane, were compared =with those produced by selection on the higzh plane. fheir growth was
low plzmnss of nutrition. the saime, but they were heavier, had less fat =nd more protein; 2nd Jere vetter mothers.

Fowler (1958) Jtudied growth and carcass Large lines fatter at & w=2eks of age tnan the swmwuall lines ana this difference increcsed with agee.
compositicn of [fulconer's For similar weignts or ages the amount of fat wus lower in tne O struin than in the N strain.
large and suzll N and C Cause of tais strein difference may be due to aifferent genes present in the foundation popu=~
strains. lation ana the slightly different criteria of selection.

Roberts (1961

Sstudied the lifetime growthn
anu reproduction in some of
Fulconer's large and small

strains. 6 lines studied.

The two large strains both attzined similuar mature weights, but these were attained at aifferent
ages, one at six montns the other at one year. Thus genetic aifferences may occur in the shape
of the growth curve. Mean life span of small strains excceded that of large strains by about

6 months. The large stroins had a shorter reproductive life, producing on average only b
litters, against approximately 11 in the small strains, Thus small strains eventually weaned
almost twice as many offspring as the large strain.

Fowler and wcdwards

(1960)

Studied fertility of mice in
large and small N and C strains.

Confirmed that large mice had a higher ovulation rate, about twice that of the small micee. Egg
number correlated with body protein rather than total body weight. Considerable infertility

in both large and small N strains, while fertility of C strains were not affected by selection,
Large N strain sterility due to low libido of the males and not to female infertilitye In
small N line sterility probably due to hypo-functioning of the anterior pituitary of some
females.




TABLE 3 Contdess

felference

vselection wxperiment

Correlated Hesponses

sdwards (1962)

vtudied size snd endocrine

activity of the pitulitary

in large and small N strain
r

s
and mice related to strain J.

Lhe pituitaries of large mice were larger tanan trose of small mice atl all ages. But the welght
of the pituitary per unit of bvody weight was identical in both large and small mice. No differ-
ences were detected in thae unit potency (endocrine activity per unit weight of pituitery tissue)
of gonsdotrophins in the pituitaries of large znd small mice. also no cifference in the rate of
thyroid secretion.

Fowler (1962)

otudiea the efficiency of

o]
utilizztion, cipestavility of
b} =] % §

S e B ey - ooy R T TN ; -
foodstuffs wnd energy expen
ture of mice in lar e and
5 i
N straine.

Large mice concumed more food and utilized it wore efficiently during the geriod of most rapid
] r

growth than small mice. Large mice absorbed a greater proportion of protein but thiec aia aot
account for the weight difference between the large and smail lincs. cnergy expenciture of
large mice was greater than small mice at zll ages, but similar for the sewe body weightse

dull (1960C)

faree lines of mice were selected
£ enerations for high

£ 1
bt at 3, 43 or 6 weeks

[he proportion of fat in the carcasses of the selected animals increased markealy in the line

selected for high 3 week weight, while in the other two lines the proportion remained the same
as that in the control line. Not expected result from theoreticsl deductions. Not yet fully

explaineds.

Rahnefeld et al,.

(1962)

Selection for post weuning
growth in mice.

Lstimated the genetic correlation between body weight anc litter size:- 0.153 (not significantly
different from zero). Actual genetic chiange in litter size during 13 generations of selection
was 0.082 + 0.035 mice per generation.

Sutherland et al.

(1965)

selection for gaining ability
in mice from 4-11 weeks of age.

Over ten generations of selection total feed consumed increased by about 104, so that grams of
feed required per gram of gain was reduced by about 50k.
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quite markedly, while the I/FN strain showed no such increase.

Dickerson and Gowen (1947) studied hereditary obesity and
efficient food utilisation in the mouse and their results emphasized
that a distinction needed to be made between - "the hereditary assoc-
iation of increased fat deposition with lower feed requirements per unit
gain in weight, and the developmental association of increased fat

deposition with higher food requirements.”

Although not selecting directly for body weight in mice, Barnett
(1961, 1965) selected a mixed stock of mice for fertility for twelve
generations at =300 A control linme at 21°C was not subject to any
deliberate selection. A response to selection was obtained and was
accompanied by a possible genetically determined increase in body weight,

but sz decline in abdominzl adipose tissue.

Thus amongst other correlated responses observed selection for
an increase in body weight in mice results in an increase in tail length
and fertility and a change in carcass composition. There is some
evidence that correlated responses observed in different environments
(Falconer and Latyszewki 1952, Falconer 1960b, Barnett 1965) may be
different from those observed in standard experimental environments and

that changes may have occurred at the physiological level.

B. FERTILITY AND MATERNAL EFFECTS IN THE MOUSE

% Maternal effects

Analysis and interpretation of selection experiments may be
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profoundly affected by maternal effects. A brief summary of this non-
genetic source of variation as it affects both body weight and litter
size is given here. It has already been noted that Falconer and his
associates have used a 'within-litter' method of selection to avoid the

complications of maternal effects.

Growth of young mice may be affected by both prenatal (uterine
environment) and post-natal (mothering ability) maternal effects. Butler
and Metrakos (1950) demonstrated the importance of post-natal maternal
effects in a cross-fostering experiment with three struins of mice.
Chai (1956a) estimated the maternal effect on body size in several Fyq
hybrids to contribute more than a guarter of the total variation in body

weizht at 60 gays, which was a larger source of variation than was the
= J 2 153

genetic constitution of the hybrids. Brumby (1950) and Bateman (1954)

¢t

concluded that the prenatal maternal effect is greater than the post-natal
maternal effect. Brumby found that maternal effects in body welght

persisted until about 3 months of age.

bateman (1963) mass selected mice for high and low five week
body weight for ten generations. He reasoned that family selection,
and to a lesser extent individual selection, could give qualitatively
different results from within family selection by procuring heritable
maternal effects. The responses of the selected lines could be accounted
for if one guarter of the maternal effect stemmed from maternal five week
weight and maternal genotype (selected through family differences which
constituted two-thirds of the superiority of selected individuals)

determined the remainder.
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It has been a fairly common observation in selection experiments
with mice (Falconer (1953), MacArthur (1949)), that large mice usually
produce large litters and vice versa. From this association a maternal
effect on litter size can arise. Thus when the large mice produce large
litters, the weights of the offspring in the litter are depressed. When
the daughters from this large litter are mated they tend to proauce
smaller litters because of their lower body weight, but now the offspring
in their litters will tend to be larger. This cyclic phenomena has been
studied by Falconer (1955, 1960c, 1964) who has calculated estimates of
the standardized partial regression coefficients relating mothers litter

size, daughters six week weight and daughters litter size.

Monteiro and Falconer (1966) have further investigated maternal

effects in mice in relation to compensatory growth.

wven from this brief examination of maternal effects it 1is
plain that they may be an important factor in selection experiments with

wmice, and may overshadow the true genetic situation.

2 Fertility in the mouse

The usefulness of selection experiments is limited if fertility
is impaired, as the intensity of selection is affected by the reproductive

rate.

Roberts (1965) has reviewed the literature dealing with the
genetic analysis of litter size and fertility in mice. He notes that
fertility data is a by-product of most experiments with mice. The
correlated responses of variouh.aapecta of fertility on seléction for bedy

weight in mice have already been mentioned (Table 3).
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The effect of different temperatures on fertility in the mouse

must also be considered.

Laurie (1946) found colonies of mice were able to live and

reproduce in meat cold stores kept at temperatures of -10% to -20%c.

Barnett (1965) has reviewed reproauctive adaption to cold in
mice and concluded that cold evokes a general slowing of the processes
of reproduction in female mice. Barnett's inbred strains could be
maintained as breeding stocks at -3°C (except for strain GFF). The
main effects on reproduction were the delay in the onset of breeding,
high infant mortality, a greater variation of performance, longer ocestrous
cycles, the mean interval between parturitions was increased, litter size
was sometimes reduced and in some strains there was a longer reproductive
life (Barnett and Manly (1956, 1959), Barnett (1956), Barnett and Coleman
(1959)). These parameters of reproduction were influenced in different
ways in different strains. Reproductive performance at 10°C was similar
to that at 21°C for all strains (Barnett and Manly (1956)). Barnett (1965)
also found a progressive decline in nestling mortality in the cold which

he suggested was the result of a cumulative maternal effect.

Biggerset al., (1958) exposed TO mice to temperatures of 5, 21
and 28°C when they were pregnant (approximately 12 days of pregnancy).
The average litter size at birth (live + dead) were 7.04, 7.25 and 8.06
for the hot, cold and temperate mice respectively. The litter sizes in
the hot and cold rooms were more variable than those in the temperate
room, significantly so in the cése of the cold mice. Post-natal mortality
was greater in the extreme énvironments than in the temperate and greater

in the cold than the hot.
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Ogle (1934) found that white mice subjected to a warm humid
environment (3200) showed a low percentage of matings that resulted in
pregnancy, small litter size and low viability of offspring compared to
mice at 18°C.  Sundstroem (1922) found that albino mice kept at 31°C
and 21°C had similar litter sizes but the conception rate was slowed
down in the hot environment. Sumner (1909) subjected white mice to
26°C and 7°C and found that mortality was higher in the lower temperature.

However, fertility in this line of mice was very low at both temperatures.

Thus extreme temperatures (both hot and cold) may have a

deleterious effect on reproductive performance in the mouse.

C. PHYSIOLOGICAL AoPECTS OF ACCLIMATION
I'0 HEAT AND COLD

Te Terminologx

The following definitions of terms relating to thermal experience
are used in this review and thesis. They are among those suggested by
Hart (1957) and endorsed by Bagan (1963) to avoid confusion arising from

their variable meanings in the past.

The term acclimation is used to describe the resulting alterations

in the animal when temperature is the only variable.

Acclimitization is the term used when modifications induced by
climate are considered. There are now multiple factors to be considered

including season, latitude, temp;rature, humidity etc.

Adagtation is reserved to deéiﬁnate racial 6rispecies differences -
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in relation to climate and inherited differences over many generations

may be involved.

2e Acclimation responses

Although the principle interest in this review is the effects
of selection in various environments, acclimation will also be of
importance in the interpretation of the results of experiments of tanis
kind. hlso of interest are the relationships between body weight and
tail length in the mouse with special reference to the possible function
of the tail as a thermoregulatory organ. Lherefore a summary has been
made of the acclimation responses of small homeotherms to both heat and

cold.

I'ne changes taking place during cold acclimation have been
reviewed many times (Hart 1952, 1953, 1961, 1964, Smith 1960, and
Heroux 1961a). Barnett (1965) and Bigham (1965) have reviewed accli-
mation with regard only to small homeotherms, thast is rats and mice.
while Barnett (1965) only reviewed acclimation to cold, Bigham (1965)
reviewed acclimation to heat and cold and notes that less information
is available dealing with acclimation to heat. Schmidt-Nielsen (1964)
discusses the life of desert animals and the different morphological
and physiological adaptions developed by animals in hot, desert environ-
ments to maintain water and heat balances. In 1963 an International
Symposium on Temperature Acclimation was held (Smith (1963)), which
followed the International Symposium on Cold Acclimation (Smith (1960)),
already mentioned. In 1966 an International Symposium on Metabolic

Adaptions to Temperature and Altitude (Smith (1966)) was held.



22

It would be quite impossible to even attempt to summarise these
numerous and extremely comprehensive reviews. However, they contain
essential background information for this review and the following comments

are pertinent.

It is now evident that the climatic adjustments observed are not
identical in every respect with those induced in the laboratory by uninter-
rupted exposure to a constant temperature (Heroux 1961, 1963, Hart 1961,
1964 ). Cold acclimation of mice and rats in the laboratory would appear
to be purely metabolic, with little change in thermal insulation. iinhen
exposed outdoors to the natural fluctuating environment however, both

metabolic and insulative changes are observed.

Bigham's (1965) review of acclimation in small homeotherms
showed that the adjustments that occurred during cold acclimation were:
a high metabolic rate was maintained, a large increase. in food consumption,
a reduction in body growth, total deposition of body fat and tail length
growth, a possible increase in the weight of hair grown, but no change
in the weight of the pelt, and little change in the insulative value of

the pelt and hair.

The evidence for the responses of rats and mice to heat appear
contradictory and Bigham concluded that basal metabolic rate may be
decreased, possibly as a result of a general reduction in voluntary
activity. Other associated changes may be: a change in the growth-
rate but results are contradictory, an increase in ;ail length growth,
little or no effect on the aﬁount of body fat deposition or hair weight

growth, while food consumption may be decreased.
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As well as studies on metabolic and insulative changes,
extensive work has been done studying acclimation responses at the
physiological, endocrine and cellular levels (Depocas 1961, Potter

1958, Smith and Hoijer 1962).

Ba Body weight - tail length relationships in the mouse

There is ample evidence that both body weight and tail length
growth are affected by temperature. There is also a fairly strong
positive genetic correlation between body weight and tail length in the

mouse (Falconer, 1954).

The changes that occur in body weight and tail length on
exposure to extremes of temperature have been postulated to have adaptive

value.,

The climatic rules of Bergmann (1847) and Allen (1906) (cited
by Scholunder 1955) suggested that animals in cold environments should
tend towards large spheres with short extremities, while in hot environ-
ments smaller size and larger extremities should be advantageous. The
reasoning behind these deductions was that in the cold it would be
desirable to reduce the surface area relative to weight to conserve heat
in order to maintain a constant internal body temperature, and vice versa
in a hot environment. Scholander (1955) reviewed the evolution of
climatic adaption in homeotherms and concluded that there was no physiolog-
ical evidence in animals or man that Bergmann's and Allen's rules reflected
phylogenetic pathways of heat-conserving adaptation. Johansen (1962a)
who'discussed the evolution of temperaturé regulation in mammals, also.

pointed out that body température itself may have adaptive value as is the
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case in some primitive mammals and for the camel (Schmidt-Nielsen, 1964),
Thus a large activity range of body temperature may express a specialisation

rather than a primitive condition as has often been thought.

Scholander (1955) admits that conservation of heat is the prime
factor in adaptation to cold, but he has shown that the importance of the
size of the surface area may be outweighed by underlying, less noticeable
physiological factors, such as the insulation and exposure of the surface,
its vascularization and vaso-motor tone, and its ability to tolerate

extremes of temperature.

A similar type of reasoning to that of Scholander (1955) can also
be applied to the acclimation of small homeotherms in the laboratory. How=-
ever, it is important to remember that results observed in the laboratory
where standard conditions apply and often inbred animals are used, may have
limited generality. fheoretically, the adaptive change in total body
weight in the cold would be an increase, but it is usually found that rats
and mice acclimated to cold at first lose weight and then grow at slower
rates than controls at warmer temperatures (Heroux 1961, Barnett 1965).
Insulative adaptions are not of importance in acclimation of small homeotherms
to cold, where increased metabolic rate and behavioural responses (such as
ne st-building) are the important responses observed (Hart 1961). Thus it
would seem that any change observed in body weight on acclimation of mice

to cold would have little adaptive value,

Similarly it is found that acclimation to high temperatures in
the mouse influences body weight growth, (Bigham 1965, Harrison 1963,

Harrison et al., 1959). Usually high temperatures reduce the growth rate,
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but as was found in the cold this varies with age and with genotype, and
is not always the case. Again any change in body weight is probably of

no adaptive significance.

Tail length is also temperature labile (Bigham 1965, Barnett
1965, Harrison 1963, Harrison et al., 1959, Chevillard et al., 1963).
Thus a longer tail is observed in hot environments and shorter tails in

cold environments.

Harrison (1958) showed that mice whose tails had been removed
were less heat tolerant than controls. After their detailed study of
tail growth in several strzins of mice, Harrison et al., (1959), concluded
that the longer tail of the heat reared mice, with their large surface
area, absence of hair, rich vascular supply and multiple arteriovenous

anastomoses, functions as an important heat regulatory structure.

Barﬁett (1965b) confirmed that low environmental temperature
diminished tail growth in both inbred and hybrid strains. However, he
also found that a mixed stock of mice (derived from 4 inbred strains)
wnich was selected to produce large litters at -300 over 17 generations,
showed an increase in tail length, both absolute and relative and nearly
reached the relative length of the controls at 21°%¢, This result did
not comply with Allen's 'rule' and in this case a superior acclimation
to cold, due at least partly to selection, was not accompanied by the
expected Ehange in fail length. Barnett also cites an experiment by
Wilber and Robinson (1961), who found no effect of removing the tail on
 the tyermorggulation of rats, which is in direct contrast to Harrison's
(1958) results. Barnett (1965b) concluded that these observations do

- not provide any evidEnge that the tails of mice have a therﬁoregulatory
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function in a cold environment.

Cockrem (1963) exposed his high body weight - short tail and
low body weight - long tail strains of mice to 7, 27 and 3200 from 3 to
6 weeks of age. He found that in the hot the short tailed strain showed
less tail length response than the long tailed strain which was opposite
to what would be expected if a long tail had adaptive value in the heat.
In the cold the long and short tailed strains showed a similar increase
in tail length while the long tailed strain should have grown less, if

a short tail had adaptive value in the cold.

Thus we have contradictory interpretations of the observation

that tail length is temperature labile.

Cockrem (1963) suggested that discussions on acclimation to
various ambient temperatures should be based on more fundamental characters
than solely anatomical features such as tail length and body weight. The
efficiency of the tail as a 'heat radiator' will depend on its surface
area, its blood supply and its insulatiocn. Periphereal tissue growth and
periphereal tissue adaptation to extremes of temperature may also be
important factors to consider (Le Blanc 1963, Heroux 1959a, 1959b, 1960,
1961b, 1961c). For example mitotic rates of periphereal tissues are
decreased in cold acclimated rats compared to warm acclimated rats, due
mainly to a large increase in the mitotic duration (Heroux 1960). In
addition the animal's ability to adapt to a particular ambient temperature
will depend on its ability to change its metaboliém. the temperature at
which it vaso constricts periphereal blood vessels and perhaps its fur

-and fat insulation.
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Recent work by several Canadian workers have studied this very

aspect in rats.

In several homeothermic animals the extremities (body appendages)
have been shown to play an important role in heat loss and its regulation.
Johansen (1962b)showed that subjecting muskrats to a positive heat load
resulted in a marked increase in tail temperature while tail blood flow
increased concommitantly by a factor of more than 400. Immersing the
tail in ice caused vasocontriction and a drop in the temperature of the
tail to about 0°C. Occlusion of the blood flow to the tail during a
positive heat load led to severe hyperthermia and death from heat
apoplexia. Due to this vasomotor tone it was concluded that the muskrat
tail is an indispensible heat exchanger. Longo and Luck (1953) noted an
increased blood flow in the tail of a monkey at 40°C of about 10% of the

cardiac output, about twice the flow at room temperature.

Heat loss in rodents does not seem to be due to panting or
sweating as in most other homeotherms. There have been very few functional
sweat glands found histologically in rodents (Grant 1963, Terrent 1946,

Ring and Randall 1947) and respiratory exchange is probably of minor
importance. Thus vasomotor control of skin temperatures is a very likely

means of heat loss and regulation in roaents.

Rand et al., (1965) found that vasodilation in the rat tail
occurred at ambient temperatures of 27 to 3000. with blood flow increasing
by a factor of about fifteen. Measurement of heat loss using a gradient
calorimeter on the tail confirmed this vasodilation. After vasodilation
it was calculated that the tail could lose up to 20% of the total heat

production of the rat although its surface area is only 4 to 6% of the total



28

body surface. Rats were also acclimated to 11, 20 and 30°C for four
weeks. Acclimation to cold caused a decrease in the critical vasodilation
temperature and the maximum heat loss of the tail was increased. After
acclimation to 3000 no sudden vasodilation occurred up to ambient temper-

atures of 3500.

This experiment established guantitatively the importance of the

tail in the control of heat loss in the rat.

Rand et al., (1965) measu£ed, both in vivo and in vitro, the
effective thermal conductivity of the skin of rats. There was no signif-
icant change in the conductivity of the skin, in the fur covered areas,
during acclimation to cold, which suggested that the rat does not use
vasomotor control of the skin circulation to the fur covered areas in its

temperature regulation.

Thompson and sStevenson (1965) confirmed Rand's observation that
vasodilation does occur when rats are subjected to a positive heat load

(exercise on a tread mill in this case compared to rising ambient temperature

used by Rand). They also found that foot skin showed vascdilation but not
skin on the back under the fur. Increasing or decreasing the speed of
exercise resulted in more or less vasodilation respectively. Thompson

and Stevenson (1966) also found that cold acclimated rats had a higher tail
skin temperature during rest and greater vasodilation during exercise than

unacclimated controls.

In concluding this section, and this review of literature, it
is now clear that heat balance in rodents is most probably due to vasomotor

control of the extremities and any morphological changes, such as changes in
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body weight and tail length, are likely to be of only minor importance.
Apart from Barnett's (1965) experiment to select for increased fertility
at -300, no other experiment is known where selection has occurred in
different temperature environments. The literature reviewed here would
suggest that selection response for body weight in mice is readily avail-
able. Furthermore hot and cold environments will have different effects
on growth of the body and the tail in mice, two characters which are
genetically correlated. If genetically different strains are established
in different temperature environments, any difference in body weight -
tail length relationships could most logically be explained at the

physiological level.
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Chapter II

.ae  EBAPERIMNTAL ANIMALS

The mice used in this study wesre a sample from the LC lines
established by Cockrem (1959). These lines originated from the three

inbred lines:- CBA/FaMac, CS5?BL/FaMac and 101/FaMac.

lon had beern continued irn these lines, but at the 25th
gencration of selection, both the LCA and the LCB lines were ocutcrossed

generation of selection the LCA and LC

jol

rocally (March, 1965} and Lhen selected for six-
weex body weight for twe gencrations. Zelection was then ceased and the

pepulation wus random bred for a further three generations, at which stuage

-

(March 1966), they were tolken over for this study.

Thus the foundation population used in this experiment was
formed from a cross between the LCA and LCB lines and was a good heterogénecus

stock from which to start selection.

B. HOUSING AND FEEDING

Mice were kept in three temperature environments. The mice kept
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in the temperate (or standard) environment were housed in a room in the

Zmall Animal Research Unit, wherc the temperature was controlled at
¥

o o : . :
21°C + 2 G s no cooling system was avallable, in mid-summer temperature
G . 0 : ; !
would rise for short periods to about 26°C. Lighting was by nutural day-
£ (= (=
light and humidity was not controlled. Mice were kept in plastic boxes

(12" x 6" x 4 ") which were kept on wall racks,
The hot environment was provided by nutting the plastic czges
cn four hot plates kept in the room controlled at 21°C. The hot plates

were controlled at 31°C + 37°C by a thermostat fitted into the sicde cof a

s w3 grser By i . YA Y s : e -
tin cage (i.e. cage tempecrature wss controlled). Zachk hot plate could
| ST Fomar - . o~ =7 - wr A kg e £ PP T, i ey e ~ ¥y - | T I I + vy - . o
kold four boxes and Ltae positien of ezch bux wus shanyed dailly Lo averzge
e AT . . L2 o ] i et o Tl oo Y B oy, . Y . T 5
out the variztisn in bempersbars keba wibhizn and bebweern hot plates.
™ . T .0 gl o1 3 1 - L q 3
The seld epvrizesgenl $&5 provided b, lLenperdture Sontrolled
. i - o g B i S TE o s I S . Vi ik =
a0 T L e Y I R =Y | Gl v vaE e uhL-.fj Lo hd WaZ -at?u -)tt
o oy - ’ 5 o ,.
1- ] - o S 3. L B " il o . A (S . - P
20 & V0 and Yhe e gere wept Zn Yhic rgon o smost of bbe experiments
: v Pk WS MY 1 o P enp | 3 < gy} L 1 ([T ) S P < Nvere. Trovided
wladS WO wiRS CoUipdlueeCldy LCNCLLDSC Alld GCliiu. u-..;_lb.au Lodras Vel g :lu-f_.ut?u
3 B rpda = 3 - T3 a3 o - o - S SO b | T oppe = 13 ey i
'u:)' *;ul‘u_nb CONCIowLBd PO &l Vi v Lag E..&.’-J tU"cluC e A :b‘l.'... ‘ath-Au.J.uJ "l

=

oy - v 3 Y ey -3 T Ly 1 -4 .~ e it~ >
not controlled and wac Ligher thiwn in the ofher two treatoentss ad

ter tues
wperiment had been in progress for about a year (just after the fourth
generution were mated) the mice were moved to a smaller room with a
temperature control of ?OC % 2°C and the daylight cycle was still provided
by the photo=-electric cell control. Mice in the cold environment were
also kept in plastic cages and no special nesting material additional to

the wocd shavings bedding was provided.

In all environments food and water were provided ad libitum,
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4 standard pelleted feed was used and gross energy determinations of this
feed, using a bomb calorimeter, gave a value of about four kilo-culories

PEXr gram.

Jisease did not cause any major problems in this experiment.

Infuntile diarrhoea or a similar disease did occur spasmoedically but this
could be treated. although infected mice usually did not die, by the time

they recovered they were often guite emaciated, and these mice were not

T AaYigA 3 Ty o ~ T i s " - j ~ i g B ! ) s
included in the genceration average and were thus not available for sele

etich.

It was observed that the incidence of disease was much lower in the cold

vironment.

G+ DEDINIMERIDAL DEIGH
T Exporiment l. = Selecticn dxperiamznt
Zhree selection lines and two control lines were cestablished in
the three temperature environments. a talendar of evenis is shown in
Table 4. The Cold Ceontrol line wus not formed until the 3, generation
[ =4
and wus a random sample {rom the Control 51 offspring. Both cocntrol lines

were maintained by random selection and then the cightlmales and females
mated at random with the restriction of no sib mating and with the proviso
that each family be represented in the next gencration by at least one

individual.

»

Selection for six-week body weight was carried out in the three
selection lines. In each line the eight heaviest males and females

respectively were selected and then mated at random avoiding sib mating.

&
ir
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In all lines two additional matings were made in each generation, which

were used if deaths or an infertile mating occurred.

Male and femule pairs sere kept together permanently and two
litters were produced from each pair, although selection was carried out
on the first litters only. Litters were not standardised to a constant

number at tirth.

v

ct

it

litters were weaned at three weeks of age, ear marked, the

&

body weight and tail length recoraed and then stored »ith four to six mice
in a cage, with males and females separate. ~t six weeks of age bouy

welght and tail length were again recorded. In the cold environment

[0

|

weaned mice from zach family were divided between different storage cages
to aveid any selecticn for huddling.
it was atlempled to Keep all lines contemporary, but fertility

problems were encountered in the Hot line wnich made this ideal impractical

T . . - - L= -
(Table 4). 2he reduction in the hot terperature from 32°C to 31°C in the
8, generation was made to increasc tne fertility. In the So generztion
[ 4
; . o 3 ; % ; 2
the Hot line wes mated at 32 C. But in the 34 generation mice were mated

o 3

at 21°C aund then the females only, moved back to the hot plates when ‘they
< o

had been pregnant for about two weeks. Females were mated again at 21°C

when they had wezned their first litter.

As the result of a trial held in the 52 generation to test the
difference in six week body weights of the offspring produced by female mice
exposed to 21°C both before and after parturition, the management procedure
in the Hot line was further altered. Thus from the 53 generation on,

female mice only were put on the hot plates four days after parturition



34

and the olfspring taken off the hot plutes at six weeks of age.

i Experiment II., - Change cof environments

The design of this experiment is set out in Table 5. An extra

(4}

two or three mice were randomised intc each group and these were used as
replacements if dezths occurred. Four te six mice were kept in each cage

and where necessary numbers were made up to this with spare mice.

Ideally all fifteen subgrcoups should have been established at the

sarme time. However, owing to the different times at yhich second litlers
were produced, this was not possible. Not all the segend litters born were

neaded for this cross—over experiment (the number varying with the litier

size) so mice were randomiced iato sroups in the order they were born until
the thisty mice plus spares had been reached. The Hot line did not produsze

be the way in whick these subgroups will te referred to in the rest of this

D, MEASUREMENTS

Ya Body weight

For most of this experiment body weights were taken using two
similar Avery balances, read to 0.2 of a gram. This gave an accuracy of
about + 0.h4 grams. All the fourth generation mice and the cross-over mice

were measured on a beam balance which read to an accuracy of about + 0.2 grams.

md
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2. Tail length

Tail length was measured by restraining the mouse in a specially
made container, and then drawing their tails out along a ruler graduated
in centimetres. Care was taken not to stretch the tails. Tails were

read to an accuracy of + 0.2 centimetres.

Litter size at birth (live + dezd) were recorded for both the
firzt and second litters., Mize about to litter were looked at daily.

Mice were not sexed until wezaning at three weeks of age.

Iy, Fat znalysis

The mice were killed, skinnsd =znd the fur was clinped off the
pal k. The g1t was removed, the fcod expelled and then the gut was returned
te the carense.  The whole carca~e and pelt was then cut into small pieces,
veirhed 2nd frecrze dricd. Once dry the carcass was again weighed znd then

the ether scluble material wns extrncted in a soxhlet extractor using di-ethyl
ether. After evaporation of the o2ther the residue was weighed and this ether
extract was then taker to represent ‘carcass fat'.

<ix males znd six females were analysed from each line at six weeks
of age. The Hot line mice were from the Sh generation, while the samples

from all other lines were from the 35 generation,
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ction is an important factor

he expected selection differentials can also be calculated

for Ordinal Data (Fisher and Yates, 1948, Table XX).

coefficients calculated may be influenced by inbreeding

thus may not be accurate estimates of heritability,.

its accuracy as a heritability estimate the realized

the best empirical description of the effectiveness
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of selection (Falconer 1960a).

2% Inb:cedina

on size, as occurs in mest laboratory

T’he restriction of populat

3

cxperiments where space is limited, leads to aan increase in homozygosis

of inbreeding (F), which he defined in terms of the correlation between
uniting gametes. Wright (1921) showed that under random mating within
a closed population (the rate ai which inbreeding increased (AF) is
M + 5F (with M males and F femules respectively).

Sul tois selationship assumes thab the parcnts have egual

b3 o * TP gD S L, et o SR pew E S ! ! Saw Bl i

dowever,y in practice, under artificial selection, this is not
the case and to allow for the fact thut the purents may not have an eguul
- oo A U 1 A

1 . 3 . = 1 o =3 - O T R g
ALaVihng OLLZplIng and th:it the distribu

s = 3 L |
L -

probability of ion of family size
say not be Poisson the effective population sizc (Ne) must be considered

and not the actual pogulation size (N) (Falconer 1560a, LKobertson 1961).

The formula used by Gowe, Robertson and Latter (1959) to calculate

Ne has been used in this study.

2
Ng— )2

1 i I
2gn 7 2(%n

2Ne
N is the potential parents from which is sampled n gametes and
q—ﬁ is the variance of n. In applying this formula all four different

samplings of gametes which take place in reproduction must be considered
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to female).

The rate of inbreeding can then be calculated froz the Ne

values
B « =
2Ne

So as Lo be able to compare the rate of inbreeding calculated
in this study with that guoted by Falconer (1953) in a similar situdy,
gne inbrecding coc¢fficient was alss calculated by the "coancestry' zethod
(Cruden 1949).
e spalysis of variisce and covariance

~5 wWell wr lodkihg ot Zelgction Fesponue wikh tide it is ulso
posazble to lock at differcnces Yelween smean phensiypic values at one goint
of time using pf varjance.

lso at this one point of time analyses of covariance cun be
carried cut both to adjust for previous dilfersnces und look at the relaticn~
ships betwecen certain variables.

(a) ZExperiment I

All analyses were carried out at the fourth generation.

Because the experimental design was not orthogonal two sets of

analysis of variance were carried out.

Analyses of variance of tail lengths and
carriea out between the three selection lines.

was:i=

body welgnts was

The model used
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(selected and control) and two environments (standard and cold).

The model used was:-

xijk = g +a ¢ bj " (ab)ij ¥ Bigp

where - a, and a, are the selected and control lines.
[ a8
b1 and b2 are the standard and cold environments.

(ub)ij are the interactions.

E = 1 o &
i

Because of unequal subclass numbers a weighted means analysis

was carried out (Snedecor 1956).

The presence of interactions eliminates the additive nature
&
of the main effects (a, and bj) acting together. In tne presence

of an interaction care must be taken in interpretaticn of the mean

squares for main effects.

The final interpretation of any of these analyses is dependant
on establishing which means differ from which. Thus providing

there was a significant F test differences between main effect

means were tested using Duncan's Multiple Range Test (Duncan 1935).

(b) Experiment II

Analyses were simplified in this experiment by the presence of
equal subclass numbers., However, again the design was not ortho-
gonal and all means could not be tested in one analysis. Variables
in the three selection lines were analysed factorially in a 3 x 3

table.
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(ab)

s & + a; + b. +# (ab). . + e, .
ijk A i J o ijk
where - ay are the three selected lines.
are the three environment (hot, standard,
J cold).
(ab), . are the interactions.
1
k = T to 5.
2¢ include the control lines in the analysis the above model
was modified to a 2 x 3 tzble to test each pair of selested and
control linez in the three temperuture envircnments and z2lso
modified to & 2 x 2 teble (uc in Experiment I) to analyse the
t¥o rairs of sclectsd ond conirol linss within esch environment.
Covarience an=lysis was slso carrisd out to adjust seven weelk
aifTercnoze for diffesrcanes a2t Pour sceks (that is the time shon
the mice we-e randonmiszed 22 Yo their respective treatments).
Prhe #aSe]l WMEed w855
there = Y. = ou o+ wg # by o (ab), .+ BY, . * e .
ijk ' i 3 i3 ij ijk
£ = the rogressisn coefficicnt of y on x within
the classes.
Xio = the deviation of the independant variable
J from the total mean.
i and j varied with the particular factorial deszign
being used.

In 211 tables

probability of the

of results where analyses are presented the

differences being the result of the chances of
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saupling are shown as:

NS Not significant at the S% probability level.
* Probability greater than 5% but lcoss then 14,

-

**  Probability greater than k.
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Chapter III
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average body weights for each group arc shown in Table 6.
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It was thougit that the mice that werc exposed to the kot
o £

environment several days after parturition, may have had a better chance
of establishing lactation and perhaps lactate better than mice exposed to
the hot enviropment prior to parturition, Ihis would then be expressed
as a maternal effect in the six week body weights of the offspring.
However, és is shown in Table 6, this did not prove to be the case, for
the average body weights of the offspring reared by the mothers that had

been exposed to the heat after parturition were actually slightly lower



than the averzge body weights of o¢ffspring reared by mothers ex

the heat when pregnant.

B i g o g T b e K o s TRy .
These results, plus similar cbservation by Pennycuik (1966a,

in the Hol line. Thus from the S, generation, feamale mice from the ot

A

line littered at 21°C and were then exposcd Lo the hot environment four

days a
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Da Naud VUl LW ol ..u-a-—'..f}\
ey 3 -k 3 E -
1' J:U\A! !"\.-lba..tu I _n.__-.an-..\..
o - ) < % ¥ . , S = - T . - . ~ Ty £y} A1
e = L] 1' € d.i\l v il t.&-Lv A b Read QL3I E [P ._.\.l\..‘\..«lv.. A0 D\Jf:')
y - e . ] e “ ; ~ b | 4 o - P M | PR | | T A bl = <4 o~ . 3= & .3
HELEl. BOAS el VoGALLEed 1N a4l Jeienloll 11DesS. Liac 004y welght CizNges
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were similzr in males and fenules (Figureés 1 and 2) ¢ weighted means of

che sexes are presented in Figure 3.

m i 4 = % i +7 - PR o o . = -y ) S 4% ¥ g vy e ey o s o
There wauc very little difference in the rate of resrponse between

the Cold and Medium lines where males increused in weight at about .98 grams

per generation and females at about .74 grams per seneration. Tihe Lot
environment had a marked effect on body weight, depressing it by about two
grams compared to mice in the Medium line. But although selection started
from a lower level in the Hot line,'this line actually increased at a slightly
faster rate than the other two selection lines (1.2 grams per generation for
males and .85 grams per generation for females). However, absolute bodf.

weights were h{gher in the Medium and Cold lines throughout the experiment

and it was not until the fourth genefation that the Hot line body weights
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Figure 2. Response to selection for six week body weight.
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Figure 3. Response to selection for six week body weight.
Mean of the sex means (weighted mean) plotted

against time.
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ejualled those of the two ccntrol lines.

Control line body weights fluctuated but by the fourth

generation had diverged from their respective selection lines.

2 Selection differentials

Response to selection depends mainly on the selection pressure
applied to each line and this can be expressed in terms of the selection
pp

differential (see Chapter II, section E (1)).

The selection differentials and the resulting response arc shLown

J

separately for msles and females in lables 7 and 8.

als

e

ifferent

bt

In all lines the expected and zctual selection
(expressed in standard deviation units (97,) are in good agreement which
indigcates that the distribution of weights in each line conform fairl;

closely to a normal distribution.

The weighted and unweighted selestion differentials (expressed
in grams) also agrce reasonably so thst natural selection, acting against
artificial selecticn, was of no imporiance in any of the selection lines

in this experiment.

-~

The total selection differentiul applied to the Medium line was

about two grams higher than in the Cold or Hot lines.

3. Realized heritabilities
4 ?y fitting‘a regression to the'}eightedt_cumulated selection
d;ffereﬁtiéis and,theﬂpody-;eight.ré3ponse_(shownuin‘Table 7 and 8)

estimates:of the realized heritabilities may be obtained. These are

shown‘iﬁfiaple 9 and.the error variance about these regression lines



Generation Zxpected Unweighted leighted TResponse
velection of 1 - B~ s g
- L = e -
line offspring L4 I

Medium 0 PR
1 115 0.95 2 07 3,06 24,25
2 1629 118 2+ 80 2.87 25.0
3 0«96 0e91 2429 1.9% 25,34
b 1: 20 125 1.84 1.96 26458
Total L.60 L.2% 10,00 9.83
Mean 1«15 1w 2459 2.46
Yold 0 22.13
1 0.85 diD .28 2.3h 2 25
2 143 105 1+ 95 2.02 25.70
z C.56 0.95 1433 1.39 26421
L 1415 104 1. 70 1:81 2€.10
Total 409 3,96 Fa E6 758
Kean 1.02 0.89 120 1.89
Hot 0 18.93
1 105 1401 2, 85 2+93 20.13
2 1413 1.09 1485 1,64 21.84
3 1.25 0.92 1,48 1.24 22.81
L 1.18 0s 96 1449 1.65 2363
Total 4,61 %.98 7o 55 7.46
Mean 1+/15 0.99 1.89 1.86

1. Calculated from the Table of Scores for Crdinal Data
(Fisher and Yates, 1948, Table XX).

& Selection differential in gms
Standard deviation for body weight

S The deviation of the mean phenotypic value of the individuals
selected as parents from the generation mean.

b The selection differentials of the selected parents weighted
according to the number of offspring they produce.



THBLE 8

emale selection differeatials and selection response

nC tu&l
Generation wxpected Unweighted weighted Responze
Selecticn of g g 8
1 2 L
line offspring - T 2
Medium 0 17.53
1 0.%6 0.89 ; ) 1:25 20.72
2 Ve 13 110 2.11 2418 21.42
3 105 T2 2.23 2430 2059
L 118 1.29 1.91 2.00 21s2F
Total 4,32 Le30 Toli7 7.73
Mean 1.08 113 1.8 193
Cela ) 8.61
1 Te2h 148 1. 87 189 19.97
2 1425 122 1. 91 1.83 20.92
3 0,81 0..85 1.06 1.22 21.60
L 1.20 1621 T 25 1.30 21«9
Total 4450 k.56 €17 .2k
Mean 113 1.74 1¢ Sk 1+ 56
Hot 0 16434
1 103 0.96 1.96 2.09 17.36
2 1,08 14,02 1.34 1.33 19.01
3 113 0.69 0«92 1,08 9.08
h 115 1.01 1. 40 1.42 19.75
Total 4.329 3.68 5e62 5.92
Mean 1.10 0.92 1.40 1.48

;[ Calculated from the Table of Scores for Ordinal Data
(Fisher and Yates, 1948, Table XX).

2 Selection differential in gms
Standard deviation for body weight

De The deviation of the mean phenotypic value of the individuals
selected as parents from the generation mean.

4. The selection differentials of the selected parents weighted
according to the number of offspring they produce.
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indicated by the standard errors. Values for males and females were
calculated separately ana all but two of these were signilicantly
different from zero. In both males and females realized heritabilities
were greater in the Hot and Ccld lines than in the Medium line, Hot

line values being greater than in the Cold line. In all three lines
realized heritability estimates were greater for males than females.

Ir. the Medium line i% was «lso possible to estimate realized heritabilities

(o]

T

from the recression of Lhe divercsnce between +the Medium line and its
o -

Control line glotted against the cumulated, weighted selection giffer-

ential. If the Control line is not changing genetically through randouz
drift fthis Should theh Zive & more acgurate heritzbility sstimute by
removing the ranaom environmental fluctustions which will have occurred
over the pericd of selection. As shown in Table © tkis reszlted in 3

higher realized heritsbility in the males zad & lower nonsignificant

heritability in the femaless s the 281d Zonbrel Line waes not feormed until
the segonsd goncratior of selection no meaningful result was zvailable from

It is =zlso possible to test if the difference between these
realized heritability estimates are significant (Table 9a). Analysing
male and female estimates separately no significant difference was obtained.
However, as the differences between estimates were similar in both males
and females the estimates were pooled by combining the sexes (Table 9b)

and the F test was significant at the 5% level.

Although pooling the regression values in this manner does show

a real difference between lines in response to selection, it should be noted



analysis of differences between the realised

heritabilities

MALLE

tn

Deviations from regression

Selection Line dsfe nX EXY 5y° b defs Residual M.S.

Medium 60.623 24,619  10.43%0 W4 3 492

Cold 34,621 18, 84¢€ 1772 1 3 14513

liot 324599 21.755 14.927 .67 3 408 -

Rege Coeff. 2 1.5 0.757

Common 12 127.843 65.220 z7.189 -5 11 3,927 357
F = 2,825(N8)

FEMALES

Medium L 40.101 13.377 10,109 +33 3 5.647

Cold 24, 371 12.043 64337 .49 3 .386

Hot 4 20.608 12.430 7.940 .60 2 442

Within 9 6.475 .719

Reg. Coeff. 2 1.072 «536

Common 12 85,080 37.850 24,286 o iy 11 . 686

7.547




TABLE 9b

Analysis of differences between realised heritabilities with sexes pooled

Selection Line  d.f. 5x° 5 xy iy° b defs  Residual M.S.
Medium 8 100.724 37.996 20.599 .58 7 6.161
Cold 8 58.992 30.889 18.109 .52 7 2.047
Hot 8 53.207 34,185 22.867 .64 d 0.989
within 21 9.197 0.438
Reg. Coeff. 2 3.004 1.502
Common 24 212.923 103.07 61.575 48 23 12.101 0.526

F = 3.43 (P 355)




VARIANCE

igure ‘e« Total phenotypic variance of six week body
weight in male mice plotted over all generations

for all lines.
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that this does not give a true heritability value for the sexes combined.

To cet this the weighted selection differentiazl of each mated pair must

be plotted against the mean body weight response (the weighted mean of

the sexes), However, =zs the differcnce between the response in the three
-

selection lines is the main interest in this experiment 2nd not the most

accurate heritability estimate, this seems to be a valid approach.

b, change in body weiht variance during selection

3]

1)

The grach in Figure 4 chows that as body weight increased in the

¢ variance declined. Vari-.nce was

e

three selected lines the total phenotyp

lower in the Hot and Cold lines than In the Medium line until generction
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values hawve been graphed.

o inbreeding

The, effective nambe:uof'breeding individuals (see Chapfer II,
section E (25) shOQn separately for males and females for all lines in
Table 10 may bé compared to the actual number, that.ié gight. '.Eight pairs
éf mice were mated in all lines in ‘each gcneration,-ﬁhué gi;ing'aqtotal

actual number of breedin

Y 1

g indiYidnﬁisﬂPer generation of sixteen. In thé.'g

two control lineg the efféctive‘ndmbér of parents'ih each}gaher%tion was



Table showinyg

the effective number of

IaBLE 10

©

breeding (Ne) in each generation

and the rate of incresse in inbreeding (AF) per generation for all lines

Harmonic DF per
50 41 52 53 Jh Mean lotal Generation
Cold
Males 53.30 BT 2+.95 2.67 5. 10 3.38
6.93 7+ 28%
Females 4,30 2.67 4.30 2.95 4,30 .55 ,
Cold Control
Males 5.10 4,30 5.710 .82
1027 4,89
Femzales e 30 6.22 6.22 5.45
Medium
Males 1.14 5+ 50 2.95 2.95 510 244
5.66 8.8754
Females Li‘. 50 )o?j 1.70 f+. 30 11".;%.\.) .2
Coancestry 3.2
Control
Males k.30 4.30 590 e 10 510 4,78
10.08 4.995
Females Le30 6s22 570 6.22 5«50 5. 30
Hot
Males 2.43 4,30 267 4,30 62
e’ €.95%
Females 5. 30 5«10 4.70 He?5 4,00
(See Chapter II, section L (2) for formulae and metihod of calculating these results)
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about ten which resulted in an inbreecding increase of about 3k per
generation. In the three selcction lines, on the other hand, the
effective number of parents wus less (between five znd seven) which

Lo T 2 i Ak o £ yi R 5 .
n a highcr inbrecding rzte of aboutl &5 per gencra

&

my.
«dle

<t
=]
(8]
o]
.

¥ 3 = o e ., 1 B aesas = % da - DTSR % e e e .
harmonic means shown in Table 10 must be usedy, for the generatlions

(B e F e e e e ] P g O 3 ol S s
xith the lowest effective number of parents have the most effect on

Eiea Ja . s B AL A e o, PO 8 i OO | DU S * A
inbr CCdllig Oover & numoer < ofNeladviollise LilUS all eXpahcolon 1ln numders
)| ol o P PP ol o + + WA - ay = 1y e LEEE Ty - - e Viag N R T i ~ ¢ e e
Jocs not affect the previous inbreeding; 1t merely reduces the uxount
AP s Loy, Po— L M Ty . ANEN-

of new inbreeding', Julzgne: eDays

g . - 2 3 ~ Y 2= 1y i - = 5 ) - T T i s T
Also shosn in Table 10 iz a A F value caleculated for the Nedium

; ) ~ N o .
line by the coancestry methoed (Sruden 1949). «5 Falconer (1960a) ncted
this is Just o pedigroe relationship wnd it does not neecessaprlly colre-
sponi to inbreeding cuvellicients suleulaled from the effeciive number of

L 13 i & o
PATren sy SpiCl&ay I S L2 Lllofl LineSe
€. CORRELATLED RESPONSZIS
Te Tail length
Mean tail lengths in each generation have been plotted separately
for males and females (Figures 5 and 6). There has been a gradual increase

in tail length in the Hot and Medium lines over the four generations of
selection for body weight. The rate of increase was slightly higher in
the Hot line (.19 cms and .17 cms per generation for males and females
reSpectivély) than in the Medium line (.17 cms and .10 cﬁs per generation

for males and females respectively). In the Cold and Cold Control lines
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however, there was no significant increase in tail lenglith at all. The

tail lengbhs were 3lightly lower than those in the 2¢ld line.

(=

(g P | o TR
fold Contro
The graduzal deciease in tail length in the Control line after generation

2 =X = 75 OIS i N =S T 4 . f i
one¢, corresponds with fthe deccrense in body weight i this line. afitex

reater tpnaa that

Yopir .- -y A L ¥ e ti. ] . Hodbncme, o iR i
Throughout the experimunt bthe abselute tail lengths were longest

D) TS R b DS Y i1ER Ny ey 2 ' ~ R T S ¥ s R g b T2
iR the Hot line &id sheortezt in the Cold dawd Toid Control lines. e Eot
T oF S | T 4 1 ¥ A Yana T £ e L3 £ ., 3 F ~ kb & Ty T
line tail lengths yere sbeut ome hall’ @ ceuntineire Ieniger than thdde in tdae

g tos Cold line tuil lengilhs were &boul iwo tentimeires
&

mi ~ 1 3 ) P e el [ PO r " & i | . o = } = -~ d T tre 2w
Trie botal phenetypis varianes for tz2il Tength did not behave on
Y s ety far ~% hE (r:-n v ) el YenJtl vEriand Yz T ood koA
LOE Lale VMLy W 10 welglle rigure /. GLil Lellgthl Valiallte 1o palueetd
e . - T AL | [ 5T & = -y e P R W &3 2 P T 3
in Figure 5 hile ceefficients of wvardiatien for tall Ilength are Swowhn 1In
| e : Mia EPTTLL S YC L e - PR | B & 14 - P . o ag et Ty prd
Pizure 8. Mhe coeffiszicnt of variation (the ratio of the standard
Sagiatis Yo "!‘\'_. YT D= DT I v'.‘_-pr\’_:: . S ] =Nl e t'z ;-.\ = V1wl ig ke T
deviation over Lhe mear, usuulrly [resen.cld a3 4 perccitiage, cillindies any

relafionzship between the mecan and the variamce and thus dencnstrctes more
cleurly variance chinges and variunce differcnces between lines which have
quite different mean tail lengths. With body weight variance the coefficient
of variation was not used as the variance decreused as the mean increzased.
Where there is a positive association between the mean and variance (as
Falconer (1953) found) the coefficients of variation can be informative if
used in association with the original data. Figure 8 shows that tail

length variance is greater in the Cold, Cold Control and Hot lines than in

the Medium or Control lines. Table 11 presents mean standard deviations

for both body weight and tail length.
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TABLE 11

Lverage standard deviations within generations

(2tandard deviutions calculated separaztely for each sex
within generations and sex means averaged

over all gencrations

Cold
ot Medium Centrel Cold Control

T p (seight) 1.72 1.89 1.73 1.60 2.15

<p (T2il length) 0.43 z «31 38 A1

.

Phis tsble shows clearly that while body weight variance in the

ctendard environment (21°C) is slightly higher than in the two cxtrome
snvironments, tail length variance is higher ir the extrense environments

(the exce,.tion being the body weight wvariauce in the Cold Contrel line whic

is hi-her than in all other lines).

o 28 feaning weizht

Figures 9 and 10 show th:t weaning weight increased in the thrce

o L=
selection lines over the period of selection for six -week body weight. In
generation SO the Hot and Cold line weaning weights were lower than in the

Medium or Control lines and the Hot line weaning weights rem=zined depressed
compared to the other two selection lines, Cold line weaning weights

increased up to generation 83 at which stage there was a sharp decline,
the reason:for this decliné3§eing unknown.

b & "

fhg Cqﬁtrql line !qaning wei@hts weré'aboutquua1 to those in
th@_Médiﬁm line until genératigh Sh,:\; which stagé a divergence beéetween
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LABLE 12

Means and variances for body weight and ether extract (fat) from the six

males and femcles sampled from all lines for fat analysis

Carcass
Live carcass weight Dry Dry Fat
Lines welight weight variance weight non-fat Fat Fats® variance
MALES
Hot 24,55 21.84 3.61 7.72 5.251 2.469 1.3 .66
Medium 25.13 22.02 1.94 741 5.666 1.744 7.9 .29
Control 25.83 21.49 1.02 716 5576 1.584 7.4 031
Cold Control 23.55 19.75 3,88 6.41 4.979 1.431 7.2 21
Cold ' 25.17 21.29 0.69 7.2k 5.400 1.840 8.6 .084
F=aMALLS
Hot 19.47 17.55 1.66 6.47 k,121 2.349 13.4 .67
Medium 20,80 18,36 1.09 6.58 4,710 1.870 10.2 .20
Control 19.55 16.62 2.10 5«56 4,282 1.278 27 .066
- Cold Control 18.85 15.60 1.59 Se 3k 4,008 1.332 8.5 . 084
Cold 21.28 17.91 1.82 6.18 b.k28 1.752 9.8 .15

* Fat extract in gams

Carcass weight in gms

All weights in grams
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these lines developed. The Zold Control weaning weighis were on average

slightly lower thsn the Cold line values.

S Fat .in the carcass

The methcd of extroeting fat from the mouse carcass is described

in Chapter II (lzetion 1) (%)). Jix males and six femules were sampled
from each lines The body weights at various stages of analysis and the

final fat weight extracted are shown in Table 12:

M = -
44iC Qe P

resented in Table 12 show that in aksolute values
there is more fat in mice from the Hot line tiiaa the other two selecticn
lines %hile in the two Controel lines mean valaes awere legss than those in

thedr respective seleclted line.

Hopmn T omppm de B - e ~ R T T2 - o - -~ = = = iy
Anulysis of wariance between zll linus for ful extruact is slhown

" T it g y w e B By EE T e 0 - L |
in Tuble 13. there wWes a sigpificunt differency between lines in soth

¢ 9 + T =iy - 3 PA ek g ~ = o
males ang fedules, und the rPanking of tie peuns is &4lso presented.
1 (=] -
(L T Pl . - = i - 4 3 P o
2 ffercneus betwecn individuul means were tested using

¢ ey

A 5 N = . 4 - - 1l M. - - 1wy o L T gl g e, - P -
Juncan's mustiple range test ane the underscoring shown indicates means

gomprising a group thal are not significantly different. In the mules

-

the Hot line had significantly more fa¥t in the carcass than all other
lines but there was no significant difference in fat extract between the
four other lines. In the females the difference between the fat extract
in the Hot and Medium lines was not significant but the Hot line was
significantly fatter than the other three lines while the Medium line

was note.

As can be seen in Table 12 there is variation in body weight

between lines. Thus in Table 13 the covariance analysis of fat extract



TABLE 13

Analysis of variance between all lines for fat extracted from the carcass
Mean Sguares
d.f. Males Females
Between 4 0.977 1.148
Within 25 0.249 0.234
F 35.92* b ,g1%»
Hot Cold Medium Control Cold Control Hot Medium Cold Cold Control Control
Analysis of covariance of fat extract adjusted for carcass weight
Residual Mean Sguares
Regression Coefficients Adjusted Means
Difference
Cold Pooled between Ad justed Cold
Hot Medium Control Control Cold Within Regression KHegressions Within Means Hot Cold Medium Control Control
MALES
d.f 5 5 5 b 5 25 20 4 24 B
B8 E e H87 £ .48 -0.008 + .08 065 E .1 A% A6 A6 T 0B* 0.183 0.281(NS) 0.199 0.679* 2.+358 1.824 1.625 1.679 1.550
FEMALES
+15 X .5 JAP 2 G -0.047 + .09 <13 T 0 25 & 0B «A12 £ 07 0.241 0.116(NS) 0.22 0.726* 2.310 1.670 1.735 1.520 1.209
MALES AND FEMALES POOLED
d.?f. 11 11 11 11 11 55 50 i 54 i
296 + .13* JRE 12 <0,055 L 06 L7 O7 214 t o7 A4t Olee 0.18 0.277(NS) 0.187  1.994**

« pL 0.05
«+ p< 0.07




adjusted for carcass weight is presented.

52

s

e

arcass weight is the live

weight minus the gut content, the whole carcass (head, pelt and carcass)

fat.

were significuntly different from zer

ients were higher in the Ccld and

e

an
el

e

wad

1

i1ed and

ma

lines

41
caree

between adjusted means.

=5

The values for dry non-fat ex
the fact that the Hot line mice laid
protein deposition compared to the other
but

will also contain skeletal material,

this value gives an approximate estimate

"Alsc shown in Table 12 are fat

of carcass weight) which also shows that

coef

znd [lemales

dilference botween

ficients presented in Table 13

o and although the regression

Hot lines there was nc significant

oy
4

o

or females. For both zales

between adjusted means.

rankings the same as for the

the K is icantl

signif

£

these four other lines

o

K b s

snd then covariance analy

those in other

shown in Table 12 illustrates

down more fat at the ‘expense of

two selection lines (Dry non-fat
as this will be fairly constant

of carcass ‘protein).

percentages (fat as a percentage

in these terms. the Hot line was

fatter than all other limes while the two selected Iihes were élightly
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fatter than their respective control lines. The covariance analysis in
Table 13 in association with these fat percentages illustrates very well
the care that must be tsken in presentation of percentages alone and
anomalies that might arisz by msking interpretations from percentages.
Thus although these percentages do in this case show the general picture
they do not reveal the low relationship between fat extract and carcass
weight in the Medium, Control and Cold Control lines conmpared to the
siznificant relstionship in the Hot and Cold lines (Table 13 - Regression

s 3 b
COEL1I1ClENLS

The main correlated response which mi_ht huave occurred was

changes in litter size and this data is plottsd for all lines in Figure 1.
The laree fluctuations in litter size in all linés make the interpretation

of this cata difficult. fron rogrezsion lines were fitted to the points
shown in FPizure 11 the regression coefficients were .15 # 0.23 in the Hot
- -

=0.15 + 0.35 in the Control line. None of these regression coefficients
f

icant. . . 4

It is also of interest to look at possible temperature effacts
on' various aspects of fertility and this is done in Table 1% by avéragihg

fertility data over all generations. Where appropriate standard errors

have been calculated for the means, and this provides a méasure of the

-



TABLE 14

Fertility data averaged over all generations

Average Average Average Average
Average Average Litter Size Interval Interval Average Average Total
Litter Size / Second for both between Mating between Pre-weanin Post—weani?g Mortality— Infertile
First Litter— Litter Size Litters & First Litters Parturitions Mortality= Mortalityi (0-6 weeks) Matingsé
(Days) (Days)
P{gfégf)" 7.81 * 0.32 8.15 * 0.48 7.95 * 0,27 23.83 * 1.06 33.12 + 1.78 3.74% 1.38% 5.12% Of%
%g;‘ég‘;l 7+75 + 0.28 8.06 + 0.52 7.87 t0.26 22.83 + 0.50 30.39 *+ 1.84 3.26% 1.16% b 42% 0%
‘(33%,‘3 7.13 * 0.26 7.22 * 0.36 7.17 * 0.21 27.04 * 1.10 32.72 * 1.67 9.60% 2.48% 12.08% %
o
Cold(gg§§r°1 7.38 + 0.38 7.50 + 0.58 7.43 + 0,34 25.47 + 1.17 37.4% + 2.01 5.80% 5.3% 11.10% 0%
(I;E;EC) 7.73 + 0.31 6.80 + 0.43 7.33 + 0.26 30.72 + 1.77 42,39 + 2.21 8.66% 1.68% 10.34% 3. 5%

5 All litter sizes

live plus dead mice born.

s Number of mice dying between birth and weaning.

Total number of mice born (live + dead)

& Number of mice dying between weaning and six weeks.

Total number of mice born (live + dead)

b4, Number of mice dying between birth and six weeks.

Total number of mice born (live + dead)

B Number of infertile matings.

Total number of pairs mated
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second litters were produced later in the twc extreme enviromments.

The final number of mice available at six wceks of ‘age with which

to carry out .
born and the
post-weaning

was abogt_S%

the lines’in

selection on, is a function both of the original number of mice

0

number dying before six weeks of age. Total, pre-weaning and

mortality percentages are shown in Table 14.  Total mortality

in the standara environment, but about twice this (10-12%) in -

the two extreme environments.

The fluctuations:

n

in ﬁortalitx.f

@
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from generztion to generation are shown in Figure 12. In all lines but
tne Cold Control line pre-weaning mortality wias higher than post-weaning

wortality.

[he standard errors (or the variance) of these fertility
characters might be expected to vary in the aifferent temperature environ=-
mentsa However, stasndarc errors are very similar in all lines for each
fertility character and no effect of temperature on variance can be seen

in this datae.

he percentage of infertile matings was negligible.

T Ar i ~ \; . T | \
e YL o S I-lj e VabliuVed alvd widVaaltlniNiel ‘
TOE oCUY wolJdBL by Tall LENGTH
"We 13 r omone le ced f 1-‘ t - o lwaesn o rr ¥ e - o T t A
Lhe diledy Hodels used or ne analyses SHown nere are presenteq

in Chapter 1I, Section 2 (3).

-

Phe analysis has been carried out at the fourth generation, thatl
is tne last generation wihlch is presented in this thesis. 'he means and
variances of body weight and tail length at three and six weeks of age are
presented separately for males ana females in Tables 15a ana 15b. ADy
differences between lines revealed by thnese analyses must of course be
interpreted in association with the graphs of response with time already

presented.

Because the experimental design was not orthogonal (that is =

there are three selection lines but only two control lines) analyses were

carried out between the three selection lines and then between the selected
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The means variances of body w (gms) aad tail length (cms) at- three
ix w for = nes at the fourth generation
MALLS
Hot Medium Conkrol Cold Cold Control
deight (gzms)
3 weeks Na. of mice o 56 23 30 31
enan 10,94 12,79 10,78 10.24 9.74
Variance 2139 2.091 0,912 1.542 3.957
6 weeks Neeo of mize P 25 27 20 29
Meon 2365 26,58 22,05 26.10 23%.57
Fous oW Z, 2109 ".f": 2-1450 6}9?
P4il length (cems)
3 wecks He. of mie =7 2C 22 20 21
Mean e L f.62 £.01 4.85 4,90
Vanriance P76 0,n08 0,035 0.052 0.210
6 weeks Ne. of mise 25 25 22 30 29
Mean 5,08 8. 358 7.60 6.01 5.76
Variance Ve 174 0.009 0.069 0.077 0.268




The means welg (gms) and tail length (cms) at three
all at the fourth generation
FeMALLS
Lot 2w 314 Jentrol Cold Cold Control
i 2 R
Neight (gus)
Mean 1915 114533 Te 535 10.02 10.26
Yarianz et T8 Ye522 1.602 1.681
b weeais I of mick 25 N e 22 25
™~ ~ g oY =
ol 1,.',—’/ 21el26 1/.’!‘:‘ 210/5 19.95
24978 TuS13 2. 447 2.063
= = = I Y
Zail leéngth (ems)
z <P m r £ 5L * = Zo il 2
D WeEekS LiGes O WLLCE Rt o 23 Sk Vol 5
r - Va — = -~
e an G 03 EukS GO L.90 507
Jariance 04355 D G.152 0073 0.223
. ”~ — —
6 weeks N of mize 2 %% 32 22 2
W Q. - oA ! Co c
nean 1\-.)--..'..- \‘fu'-l 'i_’. "? '9? _).90
Variunce G 152 2 ) Sy 0.112 & P g 0.255




TabLb 16

Results of the analyses of variance carried out at tune fourth generation
for all characters in the three selection lines

Six week boay

oix week tail

Ihrce week boay

Three week tail

d.f. weight length welght length
les
Between lines 2 63, 408*"* 69.3%21"* 4s.125** 32, 497"
Within lines 77 24399 0.111 2.005 0,126
Cold = Mecium flot Medium Meaium Hot Hot = Medium
hot CGold Cold Cold
Females
Between lines 2 25,941 45,194 30.558%* 2T.27re
Within lines 76 2.495 0e 117 1.708 0.172

Cold = Meniun)
Hot

Hot > Medium7
<old

Medium ) Hot =
Cold

Hot = Medium )
cold
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snd control lines in the standard and cole environments so as to test
for interaction between the control and selected lines in these environ-

ments.

A analyses of variance between tne three selected lines

fhe results of these analyses ure presented in Table 16. For
both body weight and tail length at three and six weeks of age there was
a highly significant difference between the three lines in both males

anua females.

alse shown in Table 16 are the rankings of the means for the

our variables as deteruwined by Duncan's multiple range test.

47}

iiot line six wveek body weignts were lower thun Medium or Cold

line weights.

flot 1line six wesk tazil lengths were anigner than in the Medium
line and tail lengths in both these lines were higher than the Cold line

o5 ] R ol a b =]
tail lengths.

kale and female weaning weights were ranked in the sume order
(Medium? h‘ot)&ola) but in the females tine difference between Lut and
Cold line values was not significant. These weaning welpght rankings
did not hold in the previous three generations (Figures 9 and 10) where

the Cold line values were about equal to those in the Medium line.

Mean three week tail lengths vwere ranked in the same order as
at six weeks (Hot)hedium) Cold) but the difference between the Hot and

Medium line values was not significant at tihis age.



TABLE 17

weighted means analysis of variance between the control and the selected

lines in the medium and cold environments in a 2 x 2 table

Means Mean sSguares

Selection Lines Control Lines

Variable Medium Cold Medium Cold Interaction Within Treatments Lines
Males
d.f. 24 29 21 28 1 102 1 1
S5ix week body - . " .
weight (gms) 26.576 26.96 23.123 23.566  6.922(NSs) b1k .1988(NS)  229.0k**
Six week tail "
length (cms) 8.38 6.01 7.60 5.76  1.82 0.131
Three week body - =
weight (gms) 12,85 10.24 10.83 997 19.98 2,04
Three week tail a : : <
length (cms) 6.62 .85 6.01 4.93 3.1 0. 104
Females
def. 5e 21 31 2k 1 108 1 1
S5ix week body - ) .
weight (gms) = 21e26 2155 19.18  19.95  1.055(K) 2.005 0.885 91.88*
5ix week tail e
length (cms) 8.03 5.97 747 .90 1.6k 0.125
Three week body ) .
weight (gms) 11.93 10.16 10433 10.26  19.847 1.501
Three week tail 6.45 “.91 6.01 5.0? 2.45800 0.135

length (cms)
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2 analyses of variance between the control and the selected lines

As there were two lines (a selected and a control) in the
standerd and cold environments, differences between these means were
analysed factorially in a 2 x 2 table. Secause of uneven subclass
numbers a weighted means analysis was carried out (3nedecor 1956).

This analysis gives an interaction term between lines and environments.
As Snedecor (1956) notes "the existence and interpretation of an inter=-

action usually ends the investigation."

fhe means and mean sguarcs for these analyses are shown in
lable 17. Where there 1s a significant interaction term, mean sguares
o

for treatments #nd lines are not shown as tlie interaction is then the

main interpretution of interest.

For eix week pody weight there wes no interaction for either
ales or femzles and a significunt difference between lines but not

treatments.

ln tue other three characters there was a hignly significant

interaction term.

F'or both six and three week tail lengths this can be inter-
preted by looking at the means wnich reveals that there is a significant
difference between the mean tail lengths in the lMedium and Control lines
but not between the Cold and Cold Control lines. This can also be

seen in Figures 5 and 6.

Mean three week weights show a similar interaction, there being
a larger difference between the lines in the standdard environment than

in ‘the cold environment. Again this is the situation only‘in this



TABLE 18

Kesults of covariznce analyses between different characters in tle three selection lines at the fourth generation

Residusl Meun sguares
tegression Coefficients =
R Pl - Difference o ds B
Variable Adjusted reans
between =
Hot Medium Cold Pocled regression Within Adjusted
Y £ byx + S b'x + Se€e bJ} + SeCe regression coefficients lines means Hot Medium Cold
— :’ —_ T \" —

defe 2h 24 29 74 2 76 2
wix week six Jeel < _— — " - - . - e " — . . . _
bt Tosruells o S <19 + .028** 012 # .031(N3) JO079 = J039* .072 N .082 66.293%* .19 §.26 5493

il, length pody welgt - - =
AKX Week Lnree wWeek : e 3y G ey A4 EN Y NZE = tatat, 2 1= 2 o
-LA. s 5 > Gy 2 i .r‘,'_ £ i ou""j’-..ld‘** w2 F c‘J:}-J** --5:):_ + -1?** APL 30 r OU"T‘_!'})(J-J; . 3]“’7 i.-..i,-’uj** Ci‘. 7o 749‘7 b-U‘a
ol I O 1N thn tadil _.-‘.t_,Lh — =)
Si%: waek '‘hree vieek ) - -~ s O ; - i ., o0 - - o - | e
. jﬁ; bE tDJj e e85 + «16*7 02+ «18(Ns) 2 78 #: 5 g 145404 10.93359*%* 1760 St T7ES £5e03 22474 26,09
o o Wi il Lt W -k

Tiree week Yhree week W0 — 5 . - P —— — P b T & o .
tail lensth body welight et ERPTEE <13 £ L0507 <10 + L029%7 <007 JUgGZE Qb2 21 BRI Ga ] 6.36 5,04
FLMaL =S

s ts 25 32 21 75 2 77 2
oix week olix week Qo , - : 5 - 6 . g

. 1 9 - v 1 + - 2 & 'n‘:{‘:' + - ED‘* 4 ﬂ‘““ .J. . - 3 * 'bL 9 o> * & F, ‘ El

tail length body weight «19 % «035 i £ 0 «Oh3 + .O47(HS) 077 371 «QC5 Loe 148 Ga?3 74399 5689
HAE Wesk ~RTER Veek +60 + JOBG** e57 + «11%* «92 + J18** <0485 +0768(N3) 0493 Lh,125%* 8.26 7.80 6472
tail length tail length - - - i
L% ¥ags dhpes Waek .69 + ,18%* .75 & +19%* 76 & oB3** 1.670 .0967(Ns) 1463 21.804** 20.28  20.50 B2 Ve
body weight body weight = - =

Lhrag, Wooek Three Week .36 + 095%* L4 &+ LOU1** .15 + J036%* 0567 2746 0754  17.8161%* 6.80 6.20 5.11
tail length body weight - - - N ? = ' * . "
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particular generation and the relative differences between means in the
two environments was actually reversed in the third generation (Figures

9 and 10J).

o Jovariance analyses

ASs was observed in Table 16 there were significant differences

t is thus

=

between the three selection lines for all four charucters.
pertinent to guestion whether differences at six weeks were due to
aifferences already estublishec at three weeks or whether there are still
differences in tail lengths between lines waen adjusted to the overall
tiean body weight at three weeks.

I'he covariance analyses are sanown in [able 18, males ana females

being analysed separately. The ultimute diffe

ot

erice between the aajusted
means (adjusted to the total mean of X py the witnin subclass regression
coefficients) is bused on the assumpition of parallel regression lines in

tne different sopulations. In l'able 18 the regression coefficients znd

stundara errors are presested within each line (with probability value

o

testing these regression coefficients against zero) ana tuen a Resiaual
mean syuare calculated for tne differcnce between regression cecefficients,
when the regression coefficients are significantly daifferent this could
end the analysis and care must be token in tine subsejuent interpretation
of the difference between Adjusted means. Values for adjusted means are
also presented in Table 18 and these may be compared with the actuel

_means presented in Tables 15a and 15b.

Covariance of six week tail length adjusted for six week body

weight showed that there was a significant aifference between regressions
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in both males and females. I'ne Hot line regression coefficients were

higher than those in the Cold or Medium lines,

filthough there is a significant difference netween regression
coefficients, these differences are not large, and it is concluded that
tne highly significant diiference between adjusted tail leagth means is
a real difference. This can also be seen from the vulues for the

adjusted means which are presented.

A similar interpretation can be applied to three week tail
lengths adjusted for three week body weight. Lot line regression
coefficients are still higher than those in the Cold or Medium lines
and all regression values between body weight ana tail lengtnh were
higher at three weeks topan six weeks. The adjusted means for three
week tail lengtn are now all significantly different (Hot)’hediumj}ﬂold)
whereas the difflerence between tne original ot and iedium lines means

was not significant.

ed for three week

ct

covariance of six week tail lenygtn adjus
tail len_th needs no interpretation, there being no significant difference
between reyressions and a highly significant difference between adjusted
means in both males and females. Differences between the three adjusted
mean tail lengths were reduced compared to the original differences, but

all differences were still significant.

When. female six week body weights were adjusted for three week
,body weights there was no difference between regressions but a significant
difference between adjusted means. Ad justed mean values were'still

ranked in the same order (Cold)Medium? Hot) but there was now a significant
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diffefence between the Cold and Medium lineé but the difference between
the Medium and Hot lines was not significaﬁt. This means that the
adjﬁsted_gain in weight between weaning and six weeks was greater in
the Zold line than in the other two lines in this generation. This
covariance analysis is eguivalent to édjusting weight gains for the

initiul weight (Cockrem 1956).

Covariance of male six week body weight adjusted for three
week weignt is complicated by a small non-siguificant regression
coefficient in the liedium line. It seems a3s though tnis relationship

is peculiar to tnis generation, and as the females were not affected it
is probably not a litter size effect. I'ne sawe regression coefficient
(that is between six and three week weight) had a value of 0.35 in the

.

Control line in the sawe generation while tuis regression for the

ot

fedium line in the S generution wss 1.08 and in the base population
0.52. The reason for this low regression in the fourth generation is
not clear but as the regression values in the Hot ana Jold lines were
very similer the adjusted means analysis has still been presented, ks
in the females it was found that the Cold line aas a nigher gain frouw

three to six weeks wiaen adjusted to the overzll mean weaning welght.
& &

4, Phenotypic body weight - tail lengtn relationships

The - phenotypic relationships between body weight and tail
iength ofer the period of this experiment are shown.in Figure 13.

Means for slx Week body welbht and tall lengtn (male and female means
averaged) have been plotted for all llnes and regresslon coefficients

ffitteﬂ to thése points.

Whilé%body wgighf has been increased by selgctipn in the‘Coldici

&ish, my
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line there has been no correlated increzse in tail length. Tail length
increase per unit body weight increase was slightly greater in the Hot
line than in the Medium line, both of these regression coefficients being
significently cdifferent from zero. The Control line body weights
fluctuated over the course of the experiment and tzil lengths changed
concurrently but the regression coefficient was not significant. The
regression for the Cola Control line was 2lso not significant, but only
three points were available to fit tnis re ression, as this line was
estaplished two generations after the other lines.

is is shown in [able 18 the phenotypic regressions of tail
length on body weignt in the fourth generation are very small in the
Medium and Cold lines (uabout 0+03) und slightly larger in the Hot line

(0x 18)- lhe three week regressions are larger than those at six wecks

]

with the Hot line regression still being greater than the Cold and Meaium

s

line wvaluess 'he phenotypic correlations between body weight and tail
¥ J & (=3
lengte guoted by Fulconer (1954%) zre between Oo4 and 045 1f tie

M

regrescions shown in Pable 18 are expressed as correlations it is found

tihat tre approximate values are:-
dot Medium Cold
Males 0.8 0.048 Obh
Females 0.74 0.52 0.2

The only really low correlation is that for males in the Medium
line. If this value is calculated on a within litter basis (as used by
Falconer (1954)) instead of over the whole population it is then found to

be about 0.1. This low value was probably peculiar to this particular.



TABLE 19

Genetic correlations between body weight and tail length
calculated from the response and correlated
response to selection

Hales Females
Hot line 0.73 0.76
Medium line 0.75 0.41
Cold line =0.03 0.081

Genetic correlations calculated by the formula
presented by Falconer (1954)

G = Correlated response of tail length h2 of body weight

b 4
Response of body weight h2 of tail length

Standard deviation of body weight

Standard deviation of tail length
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generation as it did not occur in the base population or the 50 generation

where the phenotypic correlations were C.68 and 0.58 respectively.

Se Genetic correlations between body weight and tail length

These have been calculated from the response and correlated
response of body weight and tail length in the three selection lines as

discussed by Falconer (1954) and are presented in Table 19. The response

50

and correlated resgonse over the four generations of selection were found

by fitting a regression to the appropriate bhody weights and tail lengths

P

plotted against generation number (Figures 1, 2, 5 and 6) anud the herita-
bilities and stanvard aeviations for ezch line were also available.
However a realized heritability for tail length was not available from
tiiis exgeriment so that the value juoted by Fslconer (1954) of 0.6 was
used in gll culculations (formula shown in Table 19).

Ffor both males and femules in the Lot and liedium lines the
realised genetic correlation was betscen 0.41 and 0.76. In the Cold
line on the other hind the rezlised genetic correlations were virtually

zero (~0.03 und 0.081 for males and females respectively).

6. Body weight - litter size relationships

It has often been noted that the more mice that are born the
smaller they are at birth and the lighter tney are when weighed at sub-
sequent ages (this maternal effect persisting until three months of age,

Brumby (1960)).

As the difference between average litfef;size for all lines
was not laqgenin this study (Table 14 and Figure 11) it was thought that
litter size would not appreciably bias the quy wéigh£ chépges or differ-

ences.



TABLE 20

Regressions of six ana three week mean body weights for each family

on litter size at weaning in all lines in

the fourth generation

S5ix weeks

Three iieeks

Males Females Males Females
Hot -0.32 + 0.28 -0.75 + 0.27 -0.69 + 0.19* -0.71 + 0.22°
Medium -0.15 + 0.097 -0.57 + 0.63 -1.286 + 5.2 -0.19 + 0.7
Control =0.20 + 0.19 -0.32 + 0.087* -0.39 + 0.18 -0.22 + 0.26
Cold -0.43 + 0.14* -0.49 + 0.15* -0.46 + 0.22 -0.39 + 0.22
Cold Comtrol -0.23 + 0.60 0.19 + 0.35 -0.20 + Q.4 -0.07 + 0.34
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The validity of this assumption was checked by fitting
regressions to mean family body weights and litter size at three weeks.
These regressions are presented in [able 20 and were calculated for males
and females separately for three and six week weignts in tne fourth

seneration.

41l but one of these regressions was negautive, that is the
higher the litter size, the lower the body weights and vice versa.
However, oniy five of the twenty regressions calculated were significantly
different from zero, four of these being in the Cold anc Hot lines.
negressions were higher in the ot and Cold lines (but not the Cola
Control line) tanan in the other lines, but becuuse of the large error

variance no meaningful result can be obtained. Ihis may be due to the

[

small numbers of litters analysed (eight per line). But even if these

pressions were significant the average regression coefficient over all

o

lines woulé be about =-0.5H, taat is a decrease ol about 0.5 gws in mean

although the litter size «t birth wias very similar in all lines,
thiere could possibly have been 5 greater differential between three week
litter sizes aue to the higher mortality in the extreme environments.
lean three week litter sizes averaged over all generations and in

generation four are shown below for all lines.

Hot Medium Control Cold Cold Control
Average 7.38 7+38 6.88 6.75 719

Sy 7.00 733 7.43 6.63 6.74
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The maximum difference in litter size at three weeks is about
O.6 wnich would mean that the mean body weight in the Medium line may
be about 0.3 gm less than an adjusted estimate (0.6 x =0.5). Ihis bias
would not effect any of the boay weight differences shown in Figures 1,

2 ana 30

Summary of Lxperiment I

1s A response to selection for body weight was obtained in the
three temperature environments.
2. By the fourth peneration of selection mean absolute body

weights were greater in the Cold and Medium lines than in

the Hot line (Cold = i-Zc*dium'.)i.nt = Control = Cold Control).
By healized heritabilities were greater in the Hot line than in
Cold line and gresater in the Cold line than the Medium line

(hot> Cold> Fedium). This ranking held for both male and
fem:zle estimates while in all three lines male heritability

estimates were greater than those for females.

4o fotal phenotypic variance for body weight declined in the three
selection lines over the periocd of the experiment. Body weight
variance was lower in the Hot and Cold lines than in the Medium

line.

5a Inbreeding in the three selection lines increased at a rate of

about 8% per generation.

6.  There was an increase in tail length in the Hot and Medium lines

ovér tne four generations of selection for body weight but no
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e

10.

11,
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increase in the Cold line. By generation four the absolute

tail length means were ranked in the order - Hot) Inedium) Cold.

Total phenotypic tail length variance was greater in the lines
. . . o . .
in the extreme environments K31OC and 7°C) than in the lines

in the standard environment (21%¢).

Weaning weights increased in the three selection lines. Hot
line weaning weights were lower than those in the Cold or

Medium lines.

The mice in tne Hot line were significantly fatter thnan tae mice
in all the other lines. fhere was no significant difference
vetween tne four other lines for fat extract but the Cold and
fedium lines hzd higher values tuan their respective Control

lines. lhere was a significant relationship between fat and

W

body weight in the Hot and Cold lines but not in the other three

lines.

Phere was no increase in litter size over the period of selection
in any of tne lines. Litter size at birth was lower in the Cold
lines then in the other three lines. 'he time between mating
and production of first litters was longer in the mice in the

two extreme environments, specially in the Hot environment.
Norpaiity between birth and six weeks of age was greater in the
two extreme environment (about 104) than in the standard environ-

ment (about 54:)..

The genetic correlation between body weight and failllength in

the Hot and Medium lines was about 0.7'but there was no genetic
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correlation in the Cold line.

Body weight differences were not zppreciably biased by

litter size differences.

66
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Mean body weights and tail lengths of mice from all lines at the start (4 weeks) and
of exposure to all environments (five mice in each subgroup)

TABLE 21

the finish

(7 weeks)

Males Females
Environments Hot Medium Control Cold Cold Contrel Hot Medium Control Cold Cold Control

Body L weeks 16.65 18.06 17.96 18.20 15.66 14.50 16.74 16.06 15.88 16444

o velght 7 weeks 24,18 25,04 23.76 252 23438 20420 20.82 19.54 20.50 20,94
Environment

3100 Tail 4 weeks 7.96 6480 6.62 5.0k 5.02 7. 40 6.98 6.74 5.1C 520

Length 7 weeks 9.16 & 58 3. %2 7.62 7.70 &.46 B8.46 ek 7436 745k

_ Body L weeks 17.64 18.64 18,30 17456 16.56 14.18 16,34 15:20 10430 1%+ 96

B eight 7 weeks 28.62 264 5% 25,88 25494 25.68 21.3 22,12 20.16 23.06 21.78
snvironment

21°C Tail 4 wezsks e €. 9% 5.70 4.96 4.98 7ot £.96 6.06L T 12 5418

Length 7 weeks S 52 8,16 7. 01 6,78 6466 8.14 800 7« 64 676 6. 80

Body 4 weeks 17.6k4 18.70 18.50 18.76 18.28 15.84 16. 14 15,84 15.98 15.08

e Jeight 7 weeks 20,04 27432 2750 27.80 25.88 22.86 22436 21.18 22.4 22.16
Environment

78 Tail 4 weeks 7.80 6.94 6.70 5.08 532 7.76 6.90 6.80 5.10 5612

Length 7 weeks 8.22 77k 7.28 5.98 6.12 8,12 754 7.36 6.06 6.06
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Chapter IV

REBSHTLT?S ! RO M B X PN IRITIMENT I I

A selection response for body weight and the differing corre-
lated responses for tail length having been obtained it was of interest

to study the effects of tne alternative enviroanments on any particular

response. Ihe experimental design for this experiment has been presented

in Chapter 1I.

Body welght ana tail length means at four and seven weseks for
all subgroups (five mice in each subgroup) are presented separately for

malez and females in [able 21.

1. Adnalyses of the three selection lines (3 x 3 table)

Results of the analyses of these lines are presented in Table

22 and 230

(a) Body weights

Four week body weights were lower in the Hot line than
in the other two lines, this difference being significant in

the females only.

A significant difference for seven.weex body weight was
found between environments but not lines in both males and
females. All lines had lower body weights in the hot environ-
ment than in the standard and cold environments, where body

weights were very similar. Mean body weight of the HH group



rhblu'; 22

Analyses of variance between the three selection lines
in the three environments (3 x 3 table)

Mean sguares

Source of 7 week body L week body 7 week tail b week tail
variation d.ts welght welght length length
tnvironments 2 3, 208** 2.03 13.69** 0.00065
Lines 2 1.99 S5.46 b, B89** 3] 30"
L x E N 5.10 1.03 e 250 0.045
within 36 2455 2.69 0.0701 0.077
FIMALES

Environments 2 17 55¥% 0.58 o 0.043
Lines 2 1.07 10.15%* 9.92** 23.925%
L xE 4 1.83 250 0.31(P 10%) .052
Within 36 2.42 2423 0.128 0.13




PABLE 23

Analyses of covariance between t n
lines in all environments (3 x 3

Variable within subgroups Residual Mean Syuares
regression within

Y X coefficient subgroups Lines snvironments I X &
MALES
d.f. 36 35 2 2 =
7 week 4 week — ) -

.74 P Ll Wos; L1326 < * . * %

#5ll lenigth ftail Tength P& ® 0.032 0.136 4o 9k 0.288
7 week’ ? week 4 Tk % { [ = Z Q%% = -
tail length body weight 007> x 021 0.0583  13.93 +.071* 0.271%*
7 week b week s, St , L o X
body weight body weight  C*©7 £ 0:12 V32 787 24.07%* 2.94(F>107)
FEMALES
d.f. 56 35 2 2 4
7 week 4 week 58 — RE— - o i
body welght Nody weight | Oroo X GelE T.11 2.52(Ns) 15. 74 0.662(NS)
? week l" week N. 29 Oy (YP5%* 0 O ) (.22 6E%% Z SZe% cleoss
tail length  tail length 0489 £ 0.076 0.027 Ueccd 3423 0.585
7 week 7 week 0.091 + .036* 0.111 10,26 * 3. gy 0.38*
tail length boay weight = ot :
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(terminology as in Chapter II) was lower than all other sub-
groups but the iM and HC groups were just as heavy or neavier

than the other two lines in the cold and standard environmentse.

Covariance of seven week body weight adjusting for four
week body weight showed a difference between environments and
lines in the males. This was the result of the lower Lot line
four week weights leading to significantly higher adjusted
seven week weights. Ihis was also reflected in an interaction
term which was significant at the 104 probability level. A
similar effect was found in tue females but neither the line or

interaction residual mean sguare was significant.

fail lengths

At four weeks, tail lengths were already significantly
different between lines. I'nis line difference may be a result
eitner of selection or of the original environment in waich each

line was reared (that is, ot line)iﬂedium) Cold).

analysis of seven week tail lengths showed that there were
highly significant differences between lines and envircnments
in both males and females. An interaction between lines and
environments was significant at the 5% probability level in the
males and the 104 level in the females. Within all lines
tail lengths were longer in the hot and shorter in the cold
environment. The Hot line héd the'loﬁgest and the Cold line

the shortest tail lengths within any particular environment.

Covariance analysis to adjust seven week tail lengths for
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four weex tail lengths resulted in significant line, environ-
ment and interaction residual mean sguares for both males and

females.

The nature of the interaction term ocetween lines and
environments for tail length will be discussed after the
Control line analyses have been presented. The seven week
tail lenztns adjusted for four weex tail lengths are presented
below for males only (a similar result veing found in the

females), with the unaajusted means in parenthesis.

Lines
Hot Medium Cold
1% 6.20(9.16) 8.45(8.58) 8.7%(7.62)
invironments 21°C 7.58(8.52) 7.9%(8.16) 7.95(6.78)
7°8 7.38(8.22)  7.51(7.74) 7.07(5.98)

(c)

hese means snow that there has been a compensatory
increased growth efifect in tne hot environment by both tne
Medium and Cold lines., I'hus adjusted means in the hot
environment are greater in the Medium and Cold lines than
in the Hot line.

Tail length - body weight

Covariance to adjust seven week tail lengths for seven
week body weights resulted in significant line, environment
and interaction residual mean squares for both males and

females. The male adjusted means are shown below.



Analyses of variance between

FABLE 24

the Medium and Control lines

in all three environments (3 x 2 table)

Source of

7 week body

Mean byuares

4 week body

7 week tail

4 week tail

variation defe welpght weipght length length
MALLES

Tinea 1 2.58 341 < G0** 363
Environments 2 22.96** -G6 2.21%% .036
LxE P 1. 354 «0338 025 . 008
Within 24 1471 1.827 112 .096
FEMALES

Lines it 16.,28* 3.74 0. 67%* 0.36*
Environments 2 641 1.02 O 0.01
LxE 2 0.45 0. bk 0.025 0.035
Within 2h 2.63 1.592 0.066 0.066
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31% 9.33 8.69 9,74
21°g 8.37 8.16 6.82
7% 8.11 7.68 5.89

These adjusted means are very little different from the
original means, but the HH group mean tail length was increased

due to the lower body weights in this group.

I'nis analysis corroborates the fact that there are both
line and environment differences for seven week tail length
anc that tne interaction term is one of degree rather than
ranking. Ihat is, there is a greater response to the warmer

environments by the ledium ana Cold lines tnan the dot line.

2. analyses of tne Medium and Control lines (3 x 2 table)

(a) body weights

lhese analyses are presented in Tables 24 and 25. LThere
were no significant differences for body weights at four weeks.
But in the femzles Medium line weights were higher than the

Control line weights.

Male seven week weights showed a difference between environ-
ments (Cold>Medium>Hot) but no difference between lines. As
differences in four week weights were very small covariance was

not carried out.

Female seven week'weights were significantly different

between lines but not environments. After covariance had

4y



TABLE 25

Analyses of covariunce between

in all three envircnmenls (3 x 2 table)

the Medium znd Control lines

Variable

within subgroups Residual Mean 5Sguares
regression within
Y X coefficient subgroups Lines Lovironments L xE
MALES
def, 24 23 1 2 2
7 week 7 week T e ’ = . - — -~
tail length bOdy Weight 0.0+9C3 i 0.056(;4.3_) \)-114.6 O.?‘] ’].5" * Oc035(ND)
7 week b week K 4 =5 <a ,
tail length tail length 0.96 + 0.10 2.0229 Lt 1.16 0.02(Ns)
" FEMALES
7 week L week : S R e -
body weight body weight 0.88 4 019 1.456 L,.94(N3) 10.10 0.065(NS)
¢ mask -week 0.90% + 0.089** 0.0126 0.04(NS) 1.76%+ 0.005(NS )
tail length tail length o
7 week 7 week 5 P e & # . >
g : -0.013%6 «033(N5 Ve 3 O GH** SLBEE .02
tail length body weight 0013020 O35 (NE . 0.0683 27 1.43 0.025(N53)
d.f. 2k 23 1 2 2
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adjusted for four week weight differences there was a

significant difference between environments only.

Thus in the females tine line difference at seven weeks
is due to a line difference already established at four
weeks, so that the adjusted gain in body weight between
four and seven weeks was similar in the Cola and Cold Control

line.

(b) Tail lengths

At four weeks talil lengths were already longer in the
Medium line than the Zontrol line but only significantly so

in tne females.

Analysis of seven week tuil lengths showed a highly
significant aifference between lines and environments and
no significant interaction. I'nius tail lengtns were longer
in tne kedium than the Control line in all environments and
botn lines had the usual ranking in the environments (hot)»

Medium P Cold).

After covariance had aajusted seven week tail lengths
for four week tail lengths there were still differences
between environments but no significant difference between
lines in the females and a difference significant at the 5%

probability level in the males.

Thus, especially in the females and to a lesser extent
in the hales, genetic differences between the Medium and

Control tail lengths were largely established by four weeks.



IABLE 26

Analyses of variance between the Cold and Cold Control lines
in all three environments (3% x 2 table)

Mean Squares

Source of 7 week boay 4 week body 7 week tail 4 week tail
variation de.f. welght weight length length
Lines 1 1375 15.46 0.012 L0438
Environments 2 16,05** 779 6.0626%* O.142

L xE 2 2.14 2.87 0.048 0.049
Within 24 12815 5.943 0.081 0.065
FEMALES

Lines 1 0.97 5.99 0.04 027
Environments 2 8. 90* 2.69 4, 83xe .005

L xE 2 4.38 0.25 0.02 . 004
Within 24 1.806 2.845 0.148 0.112
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(¢) Tail length - body weight

Covariance of seven week tail lengths for seven week
body weights still resulted in significant differences between
both lines and environments. However, this analysis has
limited meaning as the within subgroup regression coefficient

was very small and non-significant.

% analyses of the Cold and Cold Control lines (3 x 2 table)

lhese analyses are presented in Tables 26 and 27.

(a) Body weights

in both males ana females four week body weights were
higher in the Cold line than the Cold Control line, but not

significantly so.

analysis of mele seven week ovody weights showed highly
significant differences for lines and environments. Covariance
analysis adjusting for four week weights aid not alter this

situation.

Female seven weex weights were only significantly different
between environments. Covariance for four week body weight

did not alter this.

The seven week adjusted body weight means (with the

unadjusted means in parenthesis) are shown below.

[¢)

31°¢ # 21°

5 o e 08

Cold 20.4(20.5) 22.7(23.06) - 22.2(22.4)

Cold. Control 20.6(20.9h)| az,h(21.?8) “22.3(22,16)



in all

Analyses of covarisnce between
three environments

TaBLu 27

the

Cola

and Cold Control lines
(3 x 2 table)

tail length

body weight

Variable Within subgroups Rcsidual Mean Jdguares
5 regression within

Y £ coefficient subgroups Lines ELavironments L xE
MALES
d.f. 24 23 1 2 2
7 week 7 week e . . 5 o ; .

i £l & O- b_ - 5‘2 }\ﬁu 10 ) - 5 »J L g -
taid lengtl  body welight 065 + 0.052(N3) 766 085(N3) %.80 0.074(N3)
7 week 4 week s — G . e g o
body weight body weight 0.23 + 0.082 0.952 7. 604 11439 1.86(NS)
FEMALES
d. T, 2h 25 1 2 2
7 week b week Lo " » R )
s = ‘e 1." e . O P okl 5 .

Yofy wedght, “hoay seight Tr0e & 0T 27 0.01(N3) ?e3 1.57(N3)
Tiweek 7 ook 0416 & 0405%* 107 0.13(N3) 5,07 0.075(NS)
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These adjusted means illustrate that there was no
difference between lines for weight gains over the 4-7 week
period and that any differences in unadjusted means (although
not significant) were the result of differences already

present at four weeks.

fail lengths

There was no difference between tail lengths at four

weeks.

Analysis of seven week tail lengths showed that in both
males and females that there was a hi_hly significant difference
between environments but no difference betseen lines. Thus
both tine Cold and Cold Control lines increased tail length
when moved to warmer environments. sut the fact that there
was no significant aifference between lines shows thnat no genetic
differences in tail length were revealed by these warmer environ-

mentse.

There was no need to carry out covariasnce of seven week
tail length adjusting for four week tail lengths, as the

differences in tail length at four weeks were very small.

Tail length - body weight

it was found.that in five out of six cases (both males and
females considered) seven week tail lengths were actuaily
slightly longer in the Cold Control line. ~ Since the Cold
Control line had lower seven week body;wéights thgn the Cold

line, covariance analysis of seven week fail length adjusting
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for seven week body weight was carried out. There was still
differences between environments but no significant differences

between lines.

The female adjusted means (with unadjusted means in

parenthesis) are shown below.

319% 21% 7%
7 57(7:36) 6.56(6.76) 5.97(6.06)
Control 7-68(?.5‘4‘) 6.51(6-60) 6-01(6006)

Although there was no significant aifference between lines
the dirferences between the adjusted means were greater than

the unadjusted differences.

Body weight and tail lengtu analyses in all lines
(a) Body weight

Body weight analyses need very little additional discussion.
However, the lack of difference between the selected and control
lines, specially obvious in the males in the standard environment

and the females in the cold environment needs some interpretation.

I'he most logical explanation would seem to be one of
sampling, especially as there were only five mice in each subgroup:
In the first .litters in generation four and again in generation
five there were fairly large (significant) differences between the
selected and control lines for six week body weights. In gener-

ation five these six week differences were still maintained at
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(b)
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seven weeks. Another possible explanation could be a litter
size effect. However, as was shown zlso in the previqus
chapter, for the first litters, differences between the size
of the second litters used in this crossover experiment were
not large. Lven assuming a significant regression of body
ﬁeight on litter size the maximum bias of body weights between

the selected and control lines would be about 0.5 EMS.
Thus it would seem that a sampling effect has occurred.

Also, in several cases, the genetic differences between
the selected and control lines were alreany established at four
weeks. in these cases covariance adjusting for four week
weights results in no adjusted differences between lines from
four to seven weeks. [nus covariance is actually correcting
out differences alreaay established. This does not alter tne
final interpretation of results, as long as it is clear that

this is what has occurred.

Tail length

In Figures 14 and 15 mean seven week tail length has been
plotted against mean four week tail length for both males and
females. All subgroups within all lines are shown on these
graphs with the control and selected points being differentiated
by different symbols. The three lines on each graph are the
result of joining the Cold Control and Control line points
within each environment. Each selection line has not been
differentiated as it was considered that this would complicate

these figures too much. Tail lengths are ranked at four weeks
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as Hot line ) Medium line )Control line)Cold line = Cold

Control line.

From studying tuese graphs, interpretation of the previous
tail length analyses are made much simpler. ’'he interaction
between environments and the three selection lines (3 x 3
Analyses) is shown by the different gradients of the three
lines. Thus there is a greater difference between tail lengths
in tne two extreme temperatures in the Cold (and the Cold Control)
line than the Hot 1line. I'hiis is the compensatory growth effect

by the shorter tailed mice already mentioned.

But tnere was no significant difference between tne Cold
and Cold Control line tail lengths (at either four or secven

weeks) in any environment (2 x 3 Analyses, Section 3).

However in all cases the seven week tail lengths were lower
in tne Contrel line than the Medium line at both four and seven
weeks in all environments. Covariance analyses adjusting for
four week tail lengths confirmed that these differences shown
in Figures 14 and 15 were significant for males only (2 x 3

Analyses, section 2).

Thus these analyses confirm the conclusion arrived at in
~ Experiment I that there was no correlated response of tail length
in the Cold line (revealed by any of the three environments) but
there was in the Medium and Hot lines.

Thus in spite of the increase in tail lengthzby the Cold’

».lines in ﬂarmeq'enviroﬁmeﬁts, the fact that ﬁhqig is no genetic

et ; . Ao o
: o
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change in tail length in these environments (gauged by the
difference between the Cold and Cold Control lines) is the
factor of importance. OUn the other hand the Meaium line did

show a genetic increase in tail length in all environments.

The situation is complicated for the Hot line as there
was no control line in this environment. Thus: it is difficult
to ascertain how much of higher four week tail length in the

Hot line is due to genetic or environmental causes.

i
=

SUMMARY OF AXERRIMLNT

A Body weight

(a) In all lines (selected and control) seven week body weights

were lower in tne hot environment.

(b) In the three selected lines there wss very little difference
between seven week boay weights in the cold and standard
environments. when seven week weights were adjusted for
four week weights the Hot line male weights were significantly
heavier than the other two selection lines in the cold and
standard environments. This effect was also found in the

females but was not significant.

(c) The difference betwéen the Medium and Control lines for seven
week body wéights were smaller than expected, specially in the

males in the standard and cold environments. This seems most
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(d)

Tail
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likely to be a sampling effect. In the females the genetic
difference in body weight between the Medium and Control lines
was already established at four weeks and there was no difference
between these lines for adjustea body weight gains from four to

Seven WeeksS.

Seven week body weights were higher in the Cold than in the Cold
Control lines in both males and females in nearly all environments.
In the males this difference in weight was partly established at
four weeks but there was also a higher adjusted gain in body
weight between four and seven weeks in the Cold line than in the

Cold Control line.

But in the females the higher weights in tne Cold line than
in tane Cold Control line were due to differences already established
at tour weeks so that there was no difference between lines in

adjusted gains from four to seven weeks.

length

(a)

(b)

Within all lines (selected and control) there was a significant
difference between environments for seven week tail lengths.
That is tail lengths were longer in the hot environment and
shorter in the cold'environment than the tail lengths in the

standard environment.

Line differences between the three selected lines for seven week
tail lengths are complicated by differences in tail length between

these:lines, which were already established at four weeks.
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Analyses between the three selected lines for seven week tail
length revealed an interaction between lines and environments.
This was due to a compensatory growth effect in the hot
environment by the Medium aﬁd Cold lines. Thus the Cold

line mice (wnich had the shortest tails at four weeks) showed
the greatest response between four and seven weeks to the hot

environmente.

The Cold Control line mice (wnich had similar tail lengths to
those in tne Cold line in tue cold environment) showed similar
increases in tail length to the Cola line when moved to the

standard and hot environments.

In all environments the Control line tail lengths were lower
tnan the Medium line tail lengths. after seven week tail
len_ ths haa been adjusted for four week tail lengths this
line aifference was significant in the males but not thne

females.

1t is concluded that there was no genetic increase in tail
length in the Cold line which woula show only in warmer
environments. But there was a genetic increase in tail
length in the Medium line showing in all environments and

the same was probably true for the Hot line.
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Chapter V

bIsEG8&E LN o F EXPERIMENT L

L. ReoPUONsE T SELnCTION

Te Body weight response

A response to selection was obtained in all three selection
lines, the increase in body weight per generation being slightly greater

in the Hot line than in the Medium and Cold lines.

[he response obtained in the Meaium line of about 0.8 gms/
generation is higher than that found in other similar selection studies
for body weigant in mice (lable 1). I'ne response in this experiment
was expected to be higher than that found in Falconer's studies (Iable 1
and 2) as in all these experiments within litter selection was carried
out, so that only one hulf of the total genetic variunce was available
for selection. Ihis witnin-litter selection method eliminztes the
complications of maternal effects and reduces the rate of inbreeding.
But the increased rate of progress available from mass selection was
of more importance in this study as only a limited amount of time was
available. In this study no measure of asymmetry of response was

available (that is there was no line selected for decreased body weight).

The response calculated over only four generations of selection

would be expected to be biased upwards as most selection studies have
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shown the greates response over tuhe first few generations and then a
gradual decline. Thus MacaArthur (1949) obtained 60% of his total
response in the first seven generations of selection (response ceasing

after about 23 generations).

Although no otner selection experiments for bouy weight in
different temperature environments are known, it is of interest to
compare the response in tne &Kot and Cold lines in tunis study with the
resuonse found in experiments selecting on low nutritional diets
(Table 2). In this study the response wus just as good or better in
the two lines in the adverse envirorments (that is the hot ana cold

environments,) than in the standard environment.

Eoth r'alconer and Latyszewski (1952) and Korkman (1961)
found lower boay weight responses con their low diets. Lhis was
speclally marked in Korxman's study where tae low alet level was
very low. 1t would be expectea tnat after the nutritional level
nad been reducea below some minimum level which is needea for growth
that bouy weight response must then cease. Ihis level was probably
exceeded in Korkman's experiment. but Falconer (1960b), who measured
his response from the divergence between his upward and downward
selected lines, found no difference in response between tne lines on
his nign and low diets over 13 generations of selection and a slightly
higher response in the low diet line over the first four generations

of selection.

Allowing for the fact that the response in all three lines in
this experiment would probably be lower if selection had been continued

longer, the similarity in response between all selected lines is.of interest.
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It might have been expected that the two extreme temperatures may have
reduced response, vut this was not found. This emphasises the goint
that little is known about what constitutes a 'normal' or optimum

environmental temperature for selection.

However, altnough there was no marked difference in body
welght resgonse between selection lines, absolute body weights were
lower in the Hot line, while there was no significznt difference in
weights between tie Hedium and Jold lines. Both the ledium and Jold
lines were significantly heavier than their respective Contrel lines
by generation four so that a genetic response had been obtained.

Inere was no Control line in tne hot environment.

acclimation studies with wice and rats in hot and cold
environments (Barnett 1965, Harrison 1963, bigham 1965) have shown
that rearing mice in these extreme teuperatures usually results in
lower mature bouy weights. 'nis was found in the hot environment
in tals study but not the culd environment, neither Cold line or the
cold Control line oceing affectea (that is the boay weights in the
Control and Cold Control line were not significantly different).
These results can be airectly compared to the acclimation stuay of
Bigham (1965) who exposed LCA and LCB strain mice to the same hot
ana cold temperatures as used in this study. Both his hot and cocld
groups of mice had lower body weights than the controls at 21°C and
in this case hot group mice were heavier than cola group mice (also

found by Biggers et al. 1958).
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24 Selection differentials and realized heritabilities

The weighted selection differentials were higher in the Medium
line than in the other two lines and selection differentials for males

were higher than those for females.

Falconer (1953) tavulates selection differentials for each
generation of selection for bota large and small lines. Mean welghted
selection differentials ug to peneration four were 1.76 gms/generation
in the large line and 1.39 grams per generation in the small line.
Falconer calculated his selection differentials from eacn mated pair
and selection differentials were calculatea separately for males and
females in this study. Eut Fslconer's valiues will be roughly comparable
to the average of the two weighted selection aifferentials in this study.
These were 2.19, 1.72 ana 1.67 gms/generation in the Medium, Cola and Hot
lines respectively. [he larger value of 2.19 in the standard environment
compared to Falconer's vazlue is probably mainly uue to tne fact that mass
selection was being used in this study compared to the within family

selection metnod employca by Falconer.

fhe lower selection aifferentials in the Hot and Cold lines
resulted in higher realisea heritabilities in these two lines than in
the Medium line. Realised heritabilities were calculated separately
for males and females and the means of these estimates were 0.37, 0.51
and 0.6% for the Medium, Cold and Hot lines respectively. All these
values were higher than most of those found in a number of other body

weight selection experiments with mice (Tables 1 and 2).

The best estimate of heritability for body weight in mice in
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a standard environment would be that guoted by ralconer (1953, 1955) of
Do 55 This wus calculated from the divergence of his large and small
lines and thus eliminated errors due to asymmetry of response. In a
standard environment the asymmetry of response for boay weight has nearly
always been due to a greater response in the small line than the large
line (Falconer 1953, 1955, 1960a, 1960b). Falconer (1960b) found that
the realized heritability for upward selection was about 704 and 20p

for downward selection over the first five generations. However, after

this response changed and was about 124 upwards and 454 downwards.

Ihe realized neritabilities calculated in tnis study could be
biased estimates of heritability 1f asymmetry af response was important.
The only check of the validity of these estimates 1s tne reulised
heritability calculated from the difference in resgonse between the
liedium line ard the Control line. I'nis gave a value of 0.33% (average
of the two sex values), waich althougih lower tnan the Medium line value
of 0«37, is still nigher than most other estimates of heritability found

in selection studies for large size in mice (Table 1 and 2).

However, regardless of what the true heritability wight be, the
difference in heritabilities between lines (which was significant when the

sexes were pooled) is itself of interest.

There were higher heritabilities in the two:extfeme temperaturé
environments inrthis study. ﬁigher realized hefifabiiities were also
found in loﬁ nutritional énvirohments (Falconer.and-Laty;zewski 1952, aﬁd
Falconer 1960b), but in nelther ‘of these eXperlments were the differences

51gn1f1cant. On the other hand Park et al, (1966), Korkmdn (1961) and

Dalton and Bywater. (1963) all found lower (although not always 51gn1f1cantly
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lower) heritabilities on low planes of nutrition when selecting upwards.
This is most likely uue to the low feed level limiting response as was

discussed previously.

3. sody welght variance

Total phenotypic variance (calculated over the whole population
as againcst between or xitnin litters) for body weight was lower in the liot
ana colda lines tnan in the lines in the standard environment. [he exception
was the variance in the Cold Control line whicn was higher than in all other
lines. ilowever none of the differences between phenotypic variances were

very lar_e (Table 11).

The genetic variance for body weight (calculated by multiplying
the phenotypic variunce by the realisea neritabilities) was higher in the
Hot znd Uold lines than in the FMedium line {(values of 1.08, 0.82 ana 0.70
respectively). Tnus the environmental variance was reducea in the extreme
tenperatures in tnis study but the

enetic variance was not, wnen compared

to the variances in the staundard envircnment.

Both Fulconer znd Latyszewski (1952) ana Falconer (1960b) found
thnut pnenotypic variance of body weight (calculated within litters), was
lower in their restricted diet lines. Falconer and Latyszewski (1952)
found tnat botn the genetic and environmental variances were reduced by the

restriction of diet, but the environmental variance more than the genetic.

It has been suggested that adverse environmental conditions may
increase phenotypic variability (#addington 1942, Michie 1955, McLaren

and Michie 1956).
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The phenotypic variances for body weight in this study would support this
'environmental destabilisation' theory. Similar results have also been
found by Ashoub et al. (1958), using temperature environments ana Searle

(1954) and Honeyman (1957) using nutritional environments.

Contrary results were found in Falconer's selection studies and

in acclimation studies by Harrison et al. (1959) and Barnett and Scott (1963).

b4, Inbreeding

Inbreeding occurs when individuals which are more closely related
than average are mated together, thus increasing the degree of homozygosity in
tine population. Increusing the level of inoreeding usually produces a decline
in characters associated with the [itness of an animal (e.g. fertility,
variability, growth etc). Inbreeding depression may be aue to the fixation
of undesirzble recessive genes, but is more likely to be aue to the fact
that the heterozygote is superior in fitness to the homozygote (Robertson

1955, 1956, Lerner 1954, Falconer 1960a).

The relationship between inbreeding and selection has been dis-
cussed by xobertson (1960, 1961, 1962). It was shown that selection within
a closed population results in an increase in the inbreeding rate, both because
the population is closed and thus the numbers are restricted, and because of

the effects of selection.

In this study the rate of inbreeding increase was calculated
from the effective population size which takes into account the effects of
the restricted population size and selection. - As was expected this gives
values of AF that are considerably higher than fh;se quoted in.other

selection studies.
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Falconer (1953) calculated his increase in inbreeding (A F)
by the 'coancestry' method (Cruden 1949) which uoes not take into account
the effects of selection and juotes an inbreeding rate of 1.7% per
generation compared to the rate in this study oi about 8% per generation

in all selection lines.

The A F value calculated by the coancestry method in this
experiment for the Medium line only, resulted in a value of 3.42/4 per
generation. ‘nis is about twice tnat founc by Falconer due to the

mass selection as compared to tne within family selection method.

Falconer (1953%) discusses the mapgnitude of gecline of heritability
ana response which may be accounted Jor by randcm fixation due to inbreedin..
this woula probably have been of importance in tiis study if selection had

been continued.

O ST i ) f i A2
De oChallilin Y RuSrONSES

T zail length

The longer tail length found in the hot environment and the
shorter tail length found in the cold environment compared to the tail
length in the standard environment (21°¢) is in agreement with several
-other studies which have exposed mice and rats to hot and cold temperatures

(Harrison et al. 1959, Harrison 1963, Chevillard et al. 1963, Cockrem

1963, Bigham 1965, Barnett 1965).

It has also been observed tnat on selection for body weight in
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mice in a standard environment there is a correlated increase in tail

length (Falconer 1953, 1954, 1955). This was found in thnis experiment
in both the Hot and Fedium lines but not in the Cold line. The rate of
increase in tail length per seneration was greater in the hot line than

the Medium line.

Tail length variance did not behave in the same way as body
weight variance. lotal phenotypic variance for tail length was now
higher in the lines in the extireme tenmperatures taan in the lines in

tihe standara environment (Table 11).

Harrison et al. (1959) and GHarrison (1963%) founa that the
variability in tail length of heat reared mice was significantly lower
than tnat of control reared wmice, due mainly to the shorter tailed
inadiviauals making tne greater response to heat. But Barnett (1965b),
although not finding any really consistent effect of the cold environment
on variance in tail length, did find in some strains a suggestion that

low temperature increased variance.

The higher phenotypic variance for tail length in the extreme
environments would sugport tue hypothesis of environmental destabilisation

(Ashoub et al. 1958) discussed in Section 3% of this Chapter.

(a) Body weight - tail length relationships

One of the most interesting aspects of Experiment I is
the observation that there is no realised genetic correlation
between body weight and tail length in the Cold line, while
the génefic correlations in ﬁhe Medium and ﬁut lines were in

good agreement with other estimates (Falconer 1954, CocKrem 1959).
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It was founa in the review of literature that there was
ample evidence of both body weight and tail length being
influenced by trne environmental temperature at which mice
and rats are reared. These acclimation stuaies have been
extended in this experiment by selecting for boay weight in

three temperature environments.

As has already been uiscussed a body weignt response was
found in all selection lines and an increase in tail length
in the Hot ana Medium lines only. But absolute weights were
lower in the Hot line mice. Thus by generation four three
lines of mice had been producea which differed in boay weight -
tail length relationships. I'ne mice in tne hot environment
had a low body weight and a long tail, those in tne cold
environment nzd a hign boay welpght and a short tail, while
those in thne standard environment had a ni.n ocoay weight and
a taill intermediate in length tetween the tail lengths in the
two extreme environments. fhus the mice produced in the hot
and cold environment have similar body weight - tail length
proportions to the LCA and LCB lines produced by Cockrem (1959)
by actually selecting for these relationships in a standard

temperature environment.

In neither tune selected or the Control line in. the cold
environment was there any significant increase in tail length

over the four generations of selection. Throughoﬁt'the

experiment the Cold Control iiné'mice were lighter than the
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Cold line mice but their tail length was only slightly
shorter. There was also a sex difference of about two

or three grams in body weight in the two Cold lines, but
no significant difference between tlie male and feumale tail

lengths.

Thus in all the mice in the cold environment there
aoes not seem to be any associaticn between body weight
and tail length. However from these results in Lxperiment I
it is not possible to say whether the lack of a tail length
response in the cold is the resuit of an environmental
suppression. Ihis is tested in wxperiment II by exposing

all lines to the other environments.

2e weaning weight

issoclated witu the increase of six week bLody weight there
was an increuase in weaning weight (three week weight) in the three
selection lines, vweaning weights were lower in tune Hot line than in
the other two selection lines while the Control line weaning weights
uid not show a consistent pattern. uowever, the increase in weaning
weights were not large and the Cold line weaning welghts declined sharply
in generation four in both males and females probably due to some unknown

envircnmental effect.

Falconer (1953) also noted a small increase in weaning weight
(about 3 a gram) over eleven generations of selection for six week weight.
In his small line however weaning weight over the same period decreased

by about 23 graﬁs so that the asymmetry of response was actually greater
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at this stage than at six weeks of age.

Wweaning weight is largely determined by tne mother while the
three to six week growth is probably mainly determined by the individual.
In Falconer's experiments weaning weilght was not subject to any direct
selection, since tnere was no selection between families. Bateman
(1963), on the other hand, mass selected mice for boay wei,nt anda found
that maternal genotype, selected through family differences, constituted

two-thiras of the superiority of selected inaividuals.

Likewise in this experiment it could be possible thnat selection
for a heritable maternal effect may be having an effect on the weaning
welghts, and some of this effect would still be reflected in six week
weights, The regression of six week weights on tnree weeck welghts was
about 0.6 (males and females averaged). Falconer (1955) discusses
mothering ability (that is the maternal effect) in terms of two components,
one reluted to anatomical development and the other to physiological
efficiency. T'he anatomical component it is suggested is directly
related to body size while tne physiological component is not directly
related to body size, but is a component of natural fitness and will

thus show overdominance as postulated by Lerner (1954).

Although maternal effects could be affecting selection response
in this study it is not possible to partition out this component. However,
this is not really necessary as a heritable maternal effect, although
complicating genetic interpretation, may actually be a desirable feature

(Bateman 1963)'.

Harrison et al. (1959) and Harrison (1963) found that the weight
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of young heat-reared mice (3-4 weeks of age) usually increased more
rapidly than the controls (at 21°%0 This was not found in this study,
probably because the Hot line mice were suckled on the heat, while
Harrison did not expose his mice to the heat until the mice were three
weeks of age. Pennycuik (1966a, 1966b) found that lactation was

diminished in mice in a hot environment.

Barnett (1965) found that cold reared mice were lignter at
three weeks tzan controls (at 21°C). In most generatiocns in this study
(except generation 5, and dh> this did not occur, but tnis probably just
reflects the colder temperature (-303) at which Barnett's mice were kept

(c.f. 7°C in this study).

3 Fat dn the ecarcass

ihile the Hot line mice were significantly fatter than all

O

oth

-
]

r lines, tnere wes no significunt difference in fat extract between
the other lines (this situation was not altered by covariance analysis

adjusting for bedy weigat differences).

However, there was a suggestion that the Cold and Medium lines
were fatter than their respective Control lines, that is selection for
body weight in these two lines may have caused a correlated increase in
fatness. but tnis difference between selected and Control lines was
reduced when covariance analysis adjusted for the lower body weights in

the Control lines.

In the Cold and Medium lines the increase in body weight
resulted from an increase in fat and protein while in the Hot line the

large increase in fat was at the expense of protein deposition.
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Fowler (1958) analysed Falconer's N strain which had been
selected for large and small size at six weeks ana found that total
amounts of protein, water and fat in the carcass had been altered as
well as tune percentage composition of the carcass. Thus the large

line mice were fatter than those in the small line.

selection had probably not been carried out for long enough
in tais study to get a significant difference between the selected and
tue Control lines. 4s there was no Contrel line in the hot environment
it could not be ascertained whether tae fatness of these mice was due to

selection or to the environment.

n temperature effect on fat metabolism was shown by Bigham
(1965), who found a significantly greater amount of body fat in his high
body weignt strains of mice (but not his low body weight strains) in a
hot environment. Bigham (1965) also found no difference in futness between
his medium and cold groups of mice. ‘he hot environment may ove comparable
to a restricted diet environment, for it is known that food intake is
reduced by heat (Bigham 1965). But Falconer and Latyszewski (1952) ana
Falconer (1960b) found that mice reared on restricted diets nhad less fat
than mice reared on a full diet when both lines were reared on the high
plane. The fact that the Hot line mice were fatter than mice in the
other lines would suggest that temperature is the more important factor
in this study. A reduction of heat production may occur in a hot environ-
ment (Bigham 1965). This general reduction of voluntary activity in the
hot environment may mean that any excess food requirements are laid down

in fat, even though food intake is reduced.

Barnett (1965) concluded that exposure of laboratory mammals to
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cold generally results in a reduction of fat, due to the high rate of
heat production which must be maintained. This was not found in either
tne Cold or Cold Control lines in thnis study. Heroux (1963) fdund an
increase in abdominal and subcutaneous fat in wild rats in the winter
which emphasises tne point that generalisations from laboratory animals

and laboratory conditions must be made with care.

b, Fertility

The fertility data collected during this study (presented in
Table 14) is really only a byewprouuct of this experiment and thus will

be discussed very briefly.

Ho significunt correlated response of litter size was found in
any of the selection lines. This is probubly just due to the fact that

selection in this stucy had not been continued for long enough.

fhe efrect of temperature on reproductive performance would
support most other studies reviewed in Chapter I which found a general
slowing and reduction of reproductive performance in hot and cold environ-
ments. The exception was the size of the first litters in the hot
environment which were not very different from those in the standard
environment. chgver this was largely offset by the longer time interval
between mating and first parturition found in mice in the hot environment,

compared to those in both the standard and cold environments.

5% Body weight - litter size relationships

Regression of body weight on litter size were negative as was

expected (that is the higher the litter size the lower the body weights
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of the offspring and vice versa), but only a few of these regressions
were significantly different from zero. tost of the regressions in
the Hot and Jold lines (but not the Cold Jontrol line) had higher values

than those in the standard environment.

Tnis effect was aliso shown by Biggers et al. (1958), but in
this case nearly all regressions were significant (probably due to the

larger number of litters analysed).
As was discussed in Chapter 3, Section D (6), even if the
regressions in this study hsd been significant, this effect would not

have significantly biased any of the body weight differences.
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Chapter VI

DISCUSsS8S I ON o F EXPERBRIME NI XX

1. Bodx weiﬁht

(a) The environment and selection

Since Falconer (1952) first discussed the problems of
selection response in differing environments a number of
studies have been published which have looked at this question

(Iable 2).

'he peneral conciusion from all these studies is that
selection should take pluce in the environment in which the
animals are to live. But Falconer (1960b) would also sugprest
that if good performince unuder a variety of conditions is
desired, then selection should te made under the conditions

least favourable to the desired expression of the character.

The second part of the present selection study provides
some additional experimental evidence on the response to environ-

ments other than those in which selection was made.

In the Hot line, although body weight was low in the Hot
environment, there was a marked increase in body weight when
these mice were moved to the two cooler environments. In the
males only this resulted ig therHot line mean weights in the

standard and cold envifonments being significantly heavier than
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the Cold and Medium line weights in these environments.
As the hot environment was the least favourable environment
for pyrowth, these results support Falconer's suggestion that

selection should occur in the least favourapble environment.

It is also possivle to loox at the performance of all

lines in each environment.

In the hot envircnment body weight growth was depressed
in all lines. After covariunce had adjusted the Hot line
weights for their low weaning weights there was very little

difference in weights between the three selected lines.

Similarly in the standard and cold environments, apurt
from the heavier Hot line weights in the males, there was
very little difference between selection line weights.

fhus zlthough selection in the ot environment was better
for performance in all the environments selection in medium

or cold environments guve similar results for either environment

subseyuently.

Temperature effect on growth

T'he effects found in this crossover experiment confirm the

effects found in Experiment I.

The hot environment depressed kody weight growth in all lines
(selected and control) and was a less favourable environment for

growth than the cold environment.

But within all lines (selected and controls) body weights in
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the standard and cold environments were very similar, with

some suggestion of increased growth in the cold environnent.

These results are directly comparable to similar studies

in this laboratory by Cockrem (1963) and Bigham (1965).

Cockrem (1963) founu exactly opposite temperature effects
than those found here using the same temperature treatments.
IThus for both strains (LCA and LCB) and sexes of mice, the cold
(but not the hot) treatment depressed body weight growth.
Bigham (1965), again using the same temperatures and four strains
of mice, found that both his hot and cold groups of mice had

; : i 2
lower body weights than the control at 21°C.

But in agreement with Cockrem (1963) and biggers et al.
(1963), pigham (1965) found hot yroup mice were heavier than

cola group mice.

However, Barnett (1965) nas found that the body weights of

certain strains of mice and especially F, strains of mice have

1
not been depressed by cold temperatures (—300). Thus the results
in tiis study may to some extent be a strain effect and may be

connected with the amount of heterozygosis. I'he base population

was a heterogeneous stock and four generations of selection will

not have changed this very much,

length

(a)

Compensatory growth

On first sight the compensatory growth effect by the Medium
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and Cold lines in the hot environment does not seem to support
the conclusion reached in oLxperiment I that there is no genetic

correlation between body weight and tail length in the Cold line,

However, once the Control lines were also included in the
analyses it was found that there was actually no genetic increase

P ———

in tail length by the Cold line in the warmer environments.

However, the compensatory growth effect by the short tailed

strains (both Cold and Cold Control) is itself of interest.

Harrison et al. (1959) found that the shorter the tail length
when exposed to the heat (at 3 weeks of age) the greater the increase
in tail growth. This 1s in agreement with the results in this study.
but Harrison et al. (1963) also concluded that this phenomenon
accounts for the smaller within genotype variability and the smaller

‘enotypes reared in the hot (c.f.

[
=]

phenotypic variance for all
Q . . " . .

reared at 21°C). but in the present study phenotypic variance

was actually higher in the hot environment than in the standard

environment.

Bigham (1965) also found that within his long tailed strains,
mice of the shorter initial tail length showed a greater tail
length increase than did mice of longer initial tail length, which
was in agreement with Harrison's results. On the other hand
Bigham (1965) also foﬁnd that his short tailed strains (these
being genetically short tailed) did not show this greater tail
length increase in the hot environment. A similar result was

shown by Cockrem (1963) who found that the LCA (short tailed) strain
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did not show as great an increased tail length growth under a
hot environment, as the LCB (long tailed) strain did. Again
the difference in tail length between these strains was a genetic

one.

A problem in the interpretation of the tail length results
in this study is found whnen the differences between tail lengths
at four weeks are considered. This complicution was mentioned

whnen discussing Figures 14 and 15 but needs some further discussion.

vompensatory growth is a description of an effect and not a

theory of how this effect works.

However, following Dickinson (1560) it could be considered
that there is a certain genetic potential for tail lenitun growth
and that its realisstion depends on the environment. In the
first environment (birth to 4 weeks of age) the rezlised growth
will depend on the environment and the potential from the corre-
lated response to body weight selection in this environment.

I'he former is by far the larger effect. The lower realised
growth in the auverse environment (cold) leaves a greater
potential available when the animal is moved to a better second
environment (e.g. hot) for the 4-7 week period. The subsequent
realisation of this potential could show as the compensafory

growth.

Because the genetic differences in tail length resulting'
from possible correlated responses are small compared with these

compensatory growth effects, they can only be detected by using

b Wi
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the Control lines.

wnhen tnis was done it was clear tnat selection in the
cold environment had not changed the genetic potential, that
is the compensatory growth of tail length was similar in Cold
and Cold Control lines and thus the genetic potential was similar.
ilowever, compensatory growth was less in the Control line at
both four and seven weeks in all temperatures than in the Medium
(selected) line. Mnis difference still held even though the
four week tail lenyths were smaller in the Control line, so that
& greater compensatory grosth might have been expected. but
the results show that the genetic potential of the Control line

was less than that of the Medium line.

S sxperimentsal uesign

Ihe differences between lines for four week tail lengths (and
in some cases for four weeks body weight) has complicated both the analysis
and the interpretation of results. an experimental design which crossed
mice between environments at a younger sge (either soon after birth, or
when thé mother was pregnant) would have solved this problem. However,
although this type of design was considered, the management problems
associated with this type of experiment and the large populatiocns that
would be needed were considered to make this type of experiment an impractical
proposition. Lven if these management problems had been overcome, Bigham
(1965) found that his ﬁortality in the cold environment was due to deaths
of the lower body weight mice. If the lower body weight or less fit mice

had died in the extreme temperatures this could have seriously biased results.
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Crossing over mice at four weeks of age resulted in very few deuaths in

any of the environments.

4. Body weight - tail length relationships

It is now possible to consider boay weight and tzil length
relationships in terms of acclimation to aifferent environments and the

function of the tail as a thermoregulatory organ.

If indeed a long tail in a hot environment znd a short tail in
a cold environment are of functional significunce, this should be reflected
in the seven week body weights for all groups. But when the Hot line
mice were wovea to cooler environments their long tails did anot seem to
be any disadvantage, as body welghts were just as good or better tuan those

of the mice reared in these environments (these mice hLaving suorter tails).

Although both the Jold und Hedium lines (with suorter tails)
actually showed a lower growth rate when moved to the hot environment,
this depression of growih was similar to the liot line already in this
environment with a longer tuzil length. Thus here again tail length does

not seem to be of direct adaptive value in terms of body weight growth.

When Hot line mice were moved to cooler environments the tail
growth almost stopped and tail growth between 4 and 7 weeks was very small.
On the other hand both the Medium and Cold lines showed compensatory growth

in the hot environment.

Since these tail length changes were mostly independant of body
weight changes it would seem that both a direct effect of temperature on

tail length growth in the hot environment and reduction in tail length growth
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in the cold environment due to vasoconstriction, could provide possible
answers for these results. 'hese hypotheses will be considered further

in the next chapter in relation to the experiment as a whole,

These conclusions are very similar to those of Cockrem (1963),
who found that genetic differences in tail lengths and body weights were
not associated wsith differences in the ability of these two strains to

adapt to different temperatures.
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Chapter VII

FINAL DI3EUEBSSION

1. Selection for body weight in different temperature
environments

No other experiments are known where selection for body weight

has been compared in different temperature environments.

However, Barnett (1965b) reports an experiment in which a
genetically heterogeneous stock of mice was selected for ability to produce
large litters in a cold environment (—EOC). Ihe fertility ana the 16 week
body weigut of these mice increased during twelve generutions of selection.
By this stage the mice in the cold were heavier than the controls (at 21°C)
despite a smaller amount of abdominal adipose tissue (Barnett 1961). But
associated with this increase in body weight there was un increase in tail
length which ceased after about fifteen generations of selection. although
Barnett's mice were kept at the fairly severe cold temperature of —500 b 1
is worth noting that cotton wool was provided as a nesting material., No
special nesting material was provided in the cold environment (?OC) in this

study.

Barﬁett's result is in direct contrast to the Cold line in this
study where there was an increase in body weight over four generafions of
selection, but no increase in tail length. In Barnett's study it:can not
be ascertained whether the increase in body weight is é genetic or a long

term acclimation effect. Barnett and Widdowson (1965) found that a highly
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inbred strain of mice bred at -500 for fourteen generations did increase

in body weight but did not show any increase in tail length. This increase
in body weight is most likely due to acclimation, and in this case the
effect of the cold on the growth of the tail was independant of body weight

growth.

The increase in body weight in this present experiment in the
Cold line was at least partly genetic for this line was significantly
heavier than the Cold Contrel line. Although not set up until the 52
generation, the Cold Control line body weights did not increase significantly

over the three generations that tnis line functioned, nor did the tail

lengths increase in this line.
S

I'he luack of genetic correlation between body weight and tail

length was confirmed in zxperiment II.

In nxperiment 11 the performances of all lines were studied in
all temperature environments. Inis type of experiment has been carried
out using different nutritional environments, but as fu.r as is known this
is the first experiment to report on the performances of selected lines in

different temperature environments.

There is no evidence from this study that would support Hammond's
thesis that selection should occur in the optimum environment., In fact in
this study it is difficult to say what the optimum environment is, the
performance by‘all lines in the standard and cold environments being very
similar. However, the hot environment was the most severe environment,
Judging by the depressed growth rates found in all lines in this environment.

There is some suggestion that this adverse environment is the best environment
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in which to select. Thus the Eot line body weights were increased (so
that the males were significauntly heavier than those in the other two
selection lines) when moved to the two cooler environments. It was

also found in Zxperiment I that the realized heritability in the Hot line
#as higher than in the selected lines in the other two teuperatures.

This higher reszlized heritability in the Hot line, plus the results from
axperiment 11 woula suggest that although absolute weights are depressed
in a hot environment, genetic progress is not. sut before zavocating
selection in a hot environment, two undesirable correlated responses must
be noted. Fertility was adversely affected by tue not environment and
the longer perioca ovetween muting and first parturition mezans that the
generation interval is increased uana thus the rate of genetic progress
woula be reduced. also the Hot line was fatter than all other lines,
this increuased fat anabolism being at the expense of protein aeposition.
if results from mice have any generality (and obviously agplication of
tiese sort of conclusions to domestic species must be made with care)

tnen this cuange in carcass composition would certainly be unaesirable.

is has already been mentioned the performance of the Colu and
Medium lines in each environment wss very similar. However, there was
still a higher realized heritability in the Cold than in the Medium line,
although, unlike the Hot line, this was not reflected in the cross-over

results.

Thus the best conclusion from all these results would seem to
.be that selection should take place in the environment in which the animals

are to live.
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2a Tail length responses

In voth Lxperiment I and II it was found that tail length was
temperature labile. l'hus tail lengths were lonper in the hot environment

and shorter in the cold environment, as most other workers nave observed.

But the results from kxperiment II do not confirm that the tail

of the mouse is necessarily an important organ for heat regulation.

lo at least some extent body weight should reflect the over-azll
fitness of an animal. I'he fuirly small boay weight differences between
lines and environments (apart from the lower weights in the kot environment),
associated witi large differences in tail length would suggest that tail
length per se has not been of critical adapgtive importance. although
tne mechaunism of this increused tail growth in tue hot environment is not

known a possible theory can be sug,ested. It would seem that the
incressed tail length growth is independant of the Uody weight growth

in the hot environment (that is body weight growth is depressed by thae
not environment). Lhus a direct temperature effect on tue mitotic rate

of

the tail tissues and a vasodilation effect are possible causes of an
increase in tail growth in a hot environment. These effects are most

likely relutea, with vasodilation probably being the primary effect.

Rand et al. (1965) found that there was an abrupt vasodilation
in the tail of the rat at ambient temperatures between 27 and 2076, This
resulted in blood flow in the tail increasing from less than 5 ml. to
about 40 ml. per 100 ml. tissue per minute. Chevillard et al. (1963)
concluded that the greater tail growth in a hot environmeht was due to
a greater blood flow after vasodilation and thus a higher level of

cellular oxygenation. However, as Cockrem and sickham (1961) have
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pointed out, the association between cutaneous blood flow and growth
(wool growth in this case), may be due to other factors besides the
increased supply of nutrients supplied by the increased blood flow.
Diffusion rates from the capillaries to the cellular mass usually
increase =t higher temperatures. nlso temperature affects the spgeed
of a chemical reaction. Thus increzsed retes of biochemical processes
may be just as important as an incressed suppgly of nutrients. deroux
(1960) also found an associztion between tissue temperature and mitotic
rate. PMhus the higher the tissue temperzature, the nigher was the
induction rate (rate at which cells start division) and the shorter
was tue mitotic duration. it was found, for exanple that a 7OC
difference in tissue temperature resulted in a seven-fold difference in
mitotiec duration.

fhnus it czn be seen that tnere are a number of possible

explznations for thne increased tail growth in the hot environument.

[{H]

Probably all of these have at leust some part in the final resalt, as

would be expected in a complex process sucy as growth.

Rand et al. (1965) also found that there was a decreazse in the
critical vasodilation teumperature after cold acclimation and also a greater
vasodilation when these cold acclimated rats were moved to warmer environ-
ments. Ihis even greater increase in blood flow could account for the
compensatory growth effect in tail length when the Cold line was moved to
warmer environments. These observations by Rand et al. (1965) have been
confirmed by Thompson and Stevenson (1965, 1966). This increased blood
flow could also be facilitated by an increase in the number of capillaries

found in the peripheral tissue of cold acclimitized rats (Le Blanc 1663).
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The opposite effects to those postulated to occur in the hot
environment could be occurring in the cold environment, that is a decreased
mitotic rate and vasoconstriction ef the blocd vessels in the tail. The
vasocons triction of peripherezl vessels in cold acclimated mice could be
associuated with the increased level of catecholamines found in cold
acclimated animals (Chevillard et al. 1963, Evonak and Hannan 1963, Sellers
and Schonbaum 1963). Heroux (1960) founa that in rats acclimated to 69
for 118 days the mitotic activity in the ear and tail tissues was very slow.
Heroux concludes tinat the adaptation thst has taken place in the cold is
one that allows the cells tc overcome the mitotic blocking effects of
cold (Heroux 1959s) but which then only zllows mitotosis to continue at

a mucn slower rate.

1t is worth noting that these possible explanations for increased

41]

and Gecreased tail zgrowth ir hot and cold teniperatures respectively are
factors that can be fairly easily measured. fhus the wvaliaity of this

hypothesis could at some later stage be checked.

e I'he genetic correlation between body weisht and tail length

FProbatly the most interesting aspect of this study has been
the observation that the genetic correlation between body weight and tail
length is not realised in the cold environment but is in the standard and

probably the hot environments.

It is realised that this study suffers from some experimental
limitations, so that the results must to some extent be considered as
preliminary ones. Thus the small subgroup numbers in Experiment II

resulted in some sampling variation and as some of the differences found
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were not very large, random drift can not be entirely discounted. However,
the results, being positive ratier than negative, do give encouragement

for looking at this problem further. One possible way of doing this

would be to replicate this experiment, using larger populations, selecting
for longer, using larger numbers when mice are changed between environments,
and exchanging mice between environments more often. Another obvious,

but interesting possibility, would be to reverse the selection. That is
select in the same three teuperature environments for increased tail

length and study the correlated response in body weight.

The reuson for the lack of genetic correlation between cody weight

and tail length in the cold environment is not obvious.

This study was originally set up buased on two major considerations.
Firstly it had been shown by Cockrem (1959) that it was possible to select
combinations of vody weight wnd tail length genes which were not contributing
to the .enetic correlation between these cnaracters. also on physiological
grounus, it might have been expected that, if & short tail was indeed of

adaptive significence, then natural selection might have been preventing

any increase in tail length, even though body weight was increasing.

Falconer (1960b) has discussed the genetical problems of genetic
correlations due to pleiotropy, wnen two guantitative characters are being
considered. Inree sets of genes are postulated - those that effect eagh
character separately, plus genes that affect both characters. Because
interéction offall these genes seems inevitabie, the genetical situation

7

is a complex one,

“The concluéion from\EXperiment IT was, that tailJlepgth was not

of adaptive significance wﬁen_all lf@es were tested in all environments

r
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from four to seven weeks of age. Thus the lines with longer tails

which were moved into the cold environment probably vasoconstricted

their tails so that their length was of no disadvantage to them.

But the Cold lines which were %ept permznently in the cold environment

may have had enough time (six weeks) in which to have become acclimated

to the cold environment witia concurrent changes in critical vasodilation
temperatures (Rand et al., 1965). 1In this case the tail coula have
adaptive value in these particular circumstances. The lack of correlated
response in the cold environment could then be explainea as a negative

selective pressure.

alternatively u correlated response may only occur when there is
a positive selection pressure und us tuis wus only available in the hot
and standurd environment, this could be a possible explanation for the
correlated resconse in these environments. But in tne cold environment

thhere was no positive selective pressure available ana hence tne lack of

(€3]

res unse observed.

it can only be concluded that it is not really known what has
occurred, una that the above explanations are some possible theories that

can be advanced.

some final implications

Falconer (1960a) concluded that there had not been enough studies
on correlated responses over reasonably long time periods (that is gener-
ations). Falconer (1960b) also concluded that - 'a wider empirical
knowledge of the responses to selection in different environments and of

correlated responses in general is needed'.
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It has been realised for some time (Lush 1945) that heritability
estimates are a function of a particular population and environment. How=-
ever, although the same reasoning would seem to hold for otner genetic

parameters, this does not seem to have been considered in any detail until

recently.
Bohren et al. (1966), used computer simulation to study the
changes in genetic variances and covariances as selection proceeded. The

conclusions reachea wvere.

"It nas been accepted in gquantitative genetic theory that
predictions of direct response have only short term validity because of
the necessary cnunges that selection would bring about in the genetic
variance. It agpears from the rescults that the genetic covariunce between
two charucters may be even more sensitive to changes in gene frequency
brought about by selection and presumably alsoc due to chunges aue to

random sampling when the population size is small.

Ihe validity of existing theory for the prediction of correlated
responses is likely to be much poorer than for the preaiction of direct

responses."

In the light of these conclusions it would seem reasonable to
conclude that similar reasoning could be extended to genetic covariance

estimates made in different environments.

Thus any genetic covariance estimates may not only change with

time, but also may not hold in different environments.

The results of this and other similar experiments would sugygest

that accurate prediction and decisions based on genetic parameters estimated
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within any particular environment or population may not apply to other
environments or populztions., 1t would secem that the parameters may
aefine problems, such as low heritabilities or undesirable correlations
but tiat the solution of these problems lies in examining the physio-

logical basis of these parameters or correlations.

It coulu also be suggested that exumining the physiological
basis of any genetic situation prior to carrying out time consuming and
possibly expensive calculation of parumeters, may reveal possible outcomes
of experiments at more funaamental levels. 1f indeed genetic parumeters
have limiteu generallility as has been suggested, then it may te more
profitable to set up selection experiments even without preaicting the
likely outcome wnd then, if and when protlems ocecur, look for possible

explanations at tne physiclogical level.
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