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I N T R O D U C T I O N 

Fisher and ~right 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 r a ther than a discontinuous scale of measure-

ment was used. 

Up to now a large proportion of animal breeding research has 

been aevoted to the estimation of phenotypic and genetic parameters 

basea on the assumption of additive genetic variance . But many 

laboratory selection experiments have demonstrat ed the importance of 

a wiae variety of gene a nd chromosome interactions which would s ugges t 

a more careful evaluation of t he additive nature of gene action is 

needed . 3election theory would suggest that the estimated genetic 

parameters may not adequately 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 t o 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 

2 

applied to animal breeding problems, has succeeded in bringing about 

s ignificant 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. 

Pnysiological 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 ~right ' 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 

r 
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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 (~addington 1957 ). The disruption of canalization 

(or the uncovering of genetic variability in an invariant character) by 

eicher gene tic or environmental means has been demonstrated in laboratory 

species. 

Cockrem (1962) has discussed a possible approach for the 

selection of domestic animals on pnysiological traits. As Cockrem 

pointed out, the knowledge of aomestic animals ' physiology, biochemistry , 

endocrinology and other fundamental ctevelopmcntal processes has increa sed 

markealy, as have the techni~ues a vailable to stuay these processes in 

more detail. ·rnis physiological approach has been used for the analysis 

of the effects of the N gene in domney sheep (Cockrem 1956) and to study 

face cover relationships in ~omney 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 (Hae 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 i ndividuals within a breed , adapt to cer tain 

environments better than others may be s tudied a t a more fundament al 

level . Another way to use t his approach is to select two or more 

4 

lines f rom a common base population a nd t hen s tudy possibl e phys iological 

differences between these lines • Work of this type ha s had some success 

. in laboratory species, especially mice ( Roberts 1965) ~ 

Thi s thes i s study uses known and pos t ul ated physiological 

functions of the tai l as a bas i s to s tudy the genetic corre l a tion between 

tail leng t h and body weight in the mouse . 

Selection has been carried out for body ~eight in the mous e in 

three t empera ture environments . The correlated response of tail length 

and other characters were also observed. while tail l ength is temperature 

labile (greater tail l en gth growth in a hot environment than a cold 

envi r onment) , there i s also a f ai r l y strong genetic correlation between 

body weight a nd t ail length (Falconer 1954) . It has also been suggested 

t hat the f unctional reason for the increased tail len6t h in a hot environ ­

ment is that it ac t s as a 'hea t radiator ' (Harrison et al., 1959) , while 

this suggestion has be en refute d by other workers (Cockr em 1963 , Barnet t 

1965b). 

Cockrem (1959) showed tha t it was possible to produce lines of 

mice with oppos ite relationships to those predicted by t he genetic corre~ 

-lation between body weight and tail length, by using an appropriate 

sele c·tion technique in a temperate envir-onment. In t his study the 

pos sibility that a similar result ma'y be obtained by ~electing for body 

we:ight 'in bo,t and co,ld. environments is ,,also being investigated. 
.-~-



In conclusion it could be said that this experiment is 

studying three major factors : 

1 . ~election 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 weibh t and tail length in 

the mouse with special reference to the function of the 

tail as a thermoregulatory organ . 

5 
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Chapter I 

REVIEW', 0 F L I T E R A T U R E 

INTRODUC'l'ION 

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 aspects . 

The relevant literature is therefore considered in these two 

major sections with a third smaller section reviewing materna l effects 

and fertility in the mouse. 

A. GJ:.NETIC , ... .3p.c.;cr...; OF GRO .. TH 

~eview 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 . 



rteference 

Goouale (1938 , 1941) 

;,:ac.,r thur ( 1944a , 1949) 

Base rO!JUl a tio n 

5 m~le a nd 11 femal e 
t..lbino mice . 

~ix inbred straina 
crossed. 

r'o.;_r i:,brec: ::; tr,. ins 
cro~sed ( N- str~i n) . 

iummary of select i on experi ment s f or boay weight in mice 

rype o f velection 

Pro5eny test . On e 
male mat ea wi t h about 
five females . ~~lected 
f or boci.y weib11t ,, t 60 
d(:;.ys of a 6e . 

~election for hiGh a nd 
low 60- dRy ~ei~ht . 
Combin~ tion of m is~ ~nd 
s i b sel:, c tion ":i tr. t::ome 
p r o;__,eny tes tin5 • ,.a ting 
a t r •. r.\..om , ec.c~1 .:; ::..e with 
S<:iVU'al femoles . 

J~lection for ~ibh ~nd 
lo~ six "t~~ neigh t . 
, itnin l i tter se l ection -
one .;. l l. .. nd 0ne ft" .. ~lc 
from t::~:.:ll f br .. ily . v ix 
p~i rs ma t ed per 5enera­
tion a t r andom with no 
s i b matin5 • Litter 
s ize standar d i sed to 
eight mice . 

iieali sed h
2 

No t avaiL:.b l e . 
Hespon .. e = 0 . 6 
gm/0 eneration . 

. - 2 .-.c , li:::c...t n 
frc.:, 25,~ to 
0 c:r,cr,:;i.ons . 

l..c. clin ed. 
10,~ OVt.r 21 

( ."\;,.,c.t-'0C-.,C 

rn~~~Jred ~s -iv~rve~ce 
bt: t,•, _,en ,. i 0 1. n..;. low 
lines) . oO,v of ':..Ct---l 
.~L.-;?-1 be in fii·.:.t. 7 r;e:. ... er­
:.i. tiun.= . 

' 1 · d h2 -o -L--1t:::1 1,.;e c.'. ,:, :or 
~pwbrd select i on ~na 50~ 
f~r J.o~n. ora . nealised 
l:l cal cu la t e.l fro1.1 the 
::.t ive rgence ,i.:....s 35,.., . 

...,eli:,cti on Limi t 

Limi t rea ched 
after a bout 28 
gener~tions . ~&les 
t nen averbbed ~bout 
4 3 z;ms c . f . t he 
stz.r L.n~ point u f 
a bout 25 0 ms . 

~imit a ft er abou t 23 
~e~-r~tion& . Lar ~e 
line .. -1-=S ti.en :J.buc. t 
;~ 0 ms , sm~l: _:nt 
... _,les ·,-,,-c:r...:.0 e:'1 :tbout 
12 .;t~s . ...,iv~rt,ence 
.;f 2 1 ti.: .. 1::to ::.e or ie;­
L,_l bcnetic s t .,r..c.t-rd 
l.levia ti.or. . 

_,21:ponse ceL.sed in 
buth lines ofter 
~~~ ut 20 gen~r~tions . 
Lar~e line about 28 bm 
~no sm~ll line 12 6m. 
J ivergence of 16 times 
the original genetic 
3tandar d devi a tion . 

Remi.', rks 

No control l ine ~ept 

r~o- ~ry selection 
~:~o t'roviaed in­
built control. 
. sy!!:n,t:tr-j of 
rcs~0ndc: - ~r:' t=r 
res~Jn~c J~~ J ru.s . 
.;c; , t__, ::11.,n.;e 0f 
Vi;,rj_ r:ce ,'.it .. 1,,. c 
me:.r. . .,umber o f 1 
cor.·el·, te-.i .:-es.l:'onses I 

Ii 
I 

no t ed . 

Corrcl~tcd redpon­
ses notea . c~uses 
of ..;sy1atn•t-::1 ical 
1· c..:,_i.1Onse v.iscu.;;sed . 
Further discussed 
by Falconer (1960a) 



TaBL~ 1 8ontd ••• 

.. <eference 

dahnefela et al. (1963) 

.:.,..ttherli.--r:u et Hl . (1965) 
~ab,:;tract only) . 

Jase l-opulation 

heciprocal cross of tNo 
inbred strains . 

fhree selection lines ~ith 
aivers~ origins y-us a 
control line . 

Type of Jelection 

~as~ selecti~~ for 
cro~tt bet~den 3 bnd 
6 ,vt. ek.s of at:,e . 

1.1:i..3s selection for 
~~~nin~ abilitJ bet~een 
4, n~ 11 wecKc of age . 

.Rer,lis ed h 
2 about 18,a . 

rteritubility estim~tes 
varied frorn 22;a to 26;t, . 

ReulisfQ heritabilities 
·,,:ere 24,o ' 271a a.nu 3c,.., 
in the t~ree lines . 

.'.:ielection Limit 

i ro 6ress s t ill 
bein6 rnaJe ;.,_fter 
17 6 1::n eri.-- L.ons . 
Ch~nue i~ mean 6 rowth 
4 to 5 0 ·:is - s ix 
times tHe orir,inc.l 
'-'e,,etic s t<>.r:dard 
ucviation • 

unly ten 6 en~rations 
of selec tion reported . 
~in,i t not yet re· ... chea . 

Remarks 

.ii 5hly .inbred line 
&Ju control ~op­
..il:1 t_;_on . 

Generation3 10 to 
14 selectioc for 
c:f!iciency fo0d 
consumption end 
~cin , r espectively . 



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 

7 

body s i ze , which included MacArthur ' s and inbred strains . In all five 

crosses the F 1 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 leas t part of the 

factors which affect body size are proportionate rather than aduitive. 

Chai (1956a, 1956b) used the same approach and came to 

similar conclusions , although using completely different strains in 

his crosses . 

Lewis and ~arwick (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 

--,p~a""-4-r~e~owt._5..,__..t~o~c~k~s~ • .___-~T~hue.___.r.__..._e~a~lized heritability was only slightly lower in 

the inbred line (42% and 37¼ 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 bad reached a limit and obtained a renewed 

response to selection for body weight. 

These selection experiments reviewed ~ere, although employing 

different methods of selection, different , base populations and different 

management procedures, have shown that selection for body weight is 



feasible and that a realized heritability in t he r ange of 20~ to 40% 

is usually obtained. 
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Falconer (1 955 , 1960a) has estimated that many genes of 

approximately equal effects contribute to t he additive genetic variation 

of body weight in mice . Asymmetry of response is a fairly r egular 

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 d i fferent selection 

experiments. However , allowing for the many diffe rences outlined above , 

the responses to selection for body weibht in different experiments have 

been remarkably similar . 

2 . Genotype - environment interaction involv ing weight 

A genotype-environment interaction occurs when the ranking of 

a number of genotypes changes when the environment changes . 

The existence of genotype environment in teraction may mean that 

the best genotype in one environment is not the bes t in a nother e nviron-

ment. This is of importance in animal breeding , since the prevalence 

and intensity of genotype-environment interac t ions 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 s hould be bre d in an 
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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 a re considered, then genotype-environment interaction may 

be expressed as a genetic correlation. Thus performance in the two 

different environments can be r egarded 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 select ion in an environment other than the one 

in which the improved breed was . required to l ive . 

Falconer (1952) only considered two di fferent environments , 

but Robertson ( 1959) and Dickerson (1962 ) have extended the theory to 

the case of more t han two environments. It is now more convenient to 

estimate t he a verage degree of genetic correlation from the ordinary 

components of varianc e for genotypes and for interaction. The errors 

involved in this me thod 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 interactions, 

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 a n s wered conclusively by actually selecting in different 

environmental conditions, that is, a dynamic approach . 

(i) Dynamic approach 

The different selection experiments for body weight in 

different environments also lend t hemselves to tabulation 

(Table 2) . 

The general conclusion is that animals should be selected 

in the environme nt in which t hey are to l ive, 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 f i rs t few generations the results were in reasonably 

good agreement with the theory and suggested that the discrep­

ancies probably a rose from changes of the genetic parameters 

which took place during the course of selection. 

Bohren , Hill and Rober tson (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 . 

(ii) Static approach 

As well as the dynamic appr oach , a number of workers have 

used the static approach. 



Keference 

Falcon e r a nd 
La tyszews ki ( 1952) 

f~lc oner (1 960b ) 

T,-.BLE 2 

Summary of s e lection experiments for body weight in differen t environments 

Base Popula tion 

Four inbre d s tra ins 
crossed (N- stra in ) 

C s tock - ccnstr~c­
t ..:d :ron; cro..:;s e: :: 
bct ,, ecn bute:r::.in ' s 
~ibh l acta tion l ine , 
i·.u c ,-..r thur ' s (:.ntl 
Gooda l e ' s lar 0 e 
lines ar1J ti·"e 
C57BL/?a . inbred 
s truin . 

Type of Selection 

Jelection for high 
s ix vieek weigh t . 
Selection within 
litters . Ma t in~ a t 
r a nctom ~i t h no s ib 
ma ting. Six single 
pair m~ t ings per 5 e n­
era tion . One ,llu le a nd 
one fem~le fr om e~ch 
f amily . Lit ters 
st~nda rdised to e i Ght 
mice . 

r~o- N~~ selection for 
6rowth o f rrice b et~een 
3 ~nd 6 weeks c f a 6 e • 
hi t n in l itte r se l e ction 
as aoove . 12 sin;l e 
~~ir llia tings in eac h 
line . 

bw,ironmen ts 

On e s trc, in f ed 
a d lib. ~hile t he 
other restricted to 
about 7~6 of n or mal 
i nta k e , fr om weaning 
a t 3 weeKS until 6 
weeks of age . Res tr i ­
cted u i e t r edu c ed 6 
week weight by a bout 
10;6 . 

une lin'= : eu no r mal 
a i c t ~~ l ib . Other 
l i ne fe~ nor~bl ci i e t 
~d l ib . 0ilut~d ~i t h 
JO~ ui~~s t ~ble fibre . 
-;__ O N u i e t f1.;d f r oin 3 
t o 6 ~~eks of bge -
r educed browlh by 
about 20,-o . 

Realised h
2 

29,~ o:i res tricted 
diet a nd 20/4 on fu l l 
die t . Selection 
over ei uht gene r ­
citions . 

U~waru se l ect i on -
hibhp l ane 26~ , lo~ 
p l ane 31,~. ,.JOWn ­

~a rd se l ection -
hi 0 h pl~ne 42/4 , low 
p l ~n e 25~ . Sblcu­
l a t ~a up to 
gen e r a t ioJJ seven . 

Cha n ge of 
..:.nvironments 

Made a fter 5, 7 
a ni 8 5 enera tions 
of selection. ,', hen 
r ea r e d on full di et 
t he full d i e t strain 
we1·e jus t s uper i or 
to tne re s tricted 
di et stra in. On 
the res tricted ~iet 
the r estrictec aie t 
stru in were s uperi or , 
t he f ull d i e t s tra in 
s howing no improve­
ment ov e r the 
unselected level . 

Thirt~~n b0ner t i ons 
of ae l ection - ~~ch 
bene r a tion ~rowtn o f 
all four lin~s meus ­
urcd on higL ufr::. low 
p l u nes . Se le c tion 
for incre~sed ~ro~th -
bes t ' all - round ' 
perforrr.:.-.nce from 
s ~lection on low 

Remarks 

,.;onclus ion wa s 
tha t should 
select a nima ls 
i n t he environ­
ment in which 
t uey a r e to live . 
B~ t a symme trica l 
correlated 
respo n.:; e no t 
explc ined . ~lso 
s ome corre l a t ed 
r es1;onses noted . 

G~ n er ~l r esult -
s e lect i ~; t he 
enviror,men t in 
«hich e n i m8 ls a re 
to l ive . I f 0 oou 
p erfo rin;;.nc e -~nder 
a va r i ety of con­
di t:;.ons ii:; 
i:i.esired I then 
selection should 

plane as before . be ,:ioo e under t he 
J electior- f or de crebsed conditi ons l eas t 
growth reduced e r ow th f a vouraole to the 
on high p l ane only by desired express­
sel ection on high pla ne , i on o f the 
while growth on low cha r a cter . 
pla ne was reduc ed Asymmetry of 
e qua lly by se l e ction r esf onse betwe en 
on high and low planes . up a nd down lines . 



TABLE 2 Con t d ••• 

Reference 

1 Park et al . (1966) 

DcJ.lton and 
By:,ater (1963 ) 

Kerkman (1961) 

Base Population 

Four highly 
inbred lines of 
albino rats 
crossed. 

4 inbred s trains 
crosGed. 

nild agouti- type 
mice originally 
c ap tured prior 
to 1957 a nd 
selected for 
large and small 
sex difference . 
These two strains 
crossed. 

rype of Selection 

Mass selection for 
post weaning gain 
(3- 9) weeks of a 0 e) . 
20- 30 si~gle pair 
matin5s per line . 
Litter s ize standard­
ised to s ix. Also 
random bred control 
line . 

~election for litter 
size ~nd litter weight 
at weaning (25 days of 
abe) . Lar ges t whole 
litters selected and 
~nole litters Nho were 
neuviest at wean inb . 
hating at runctom - no 
sib ma ting. ,,lso 
r ndom brea control 
line in each uiet . 

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

Environments 

Three feeding regimes -
(1) Ad lib. feeding of 
standard diet (f~ll 
feeding - F . F . ) 
(2) Restri ction of feed 
intake to¾ or less of 
F. F. (low f eeding -
L . F. ) . (3) nd lib. 
feeaing of d i et with 
only 14fo protein (low 
protein - L. P.) 

Normal diet and. 
dilutea -iet (30,,o 
cellulose aaded) fed 
ad lib. 

Normal aie t - mice 
bread ana wheat germ 
ad l i b . Low plane­
feeding every 
alternate day . Very 
low plane of 
nutrition. 

Realised h
2 

F. F. - 10. 5,,o 
L. F. - 5 . 7/'J 
L . P . - 11.9P 

Litter size - 6~ 
normal L..ie t - 2,o 
ailuted uiet. 
Litter .veibht 
0/0 normal diet 
-2~ ailuted aiet . 
High correlation 
bet,H.en litter 
si,;e and litter 
weight . 

High plane - 22~ . 
Low plane - 77o • 
Low plane mice 
averaged 12 gms 
at 40 aays of 
age and high 
plane mice 19 
gms . 

.. 

Change of 
Environments 

Selection for 17 
generations . 
~xcnanbe of environ­
ments in generations 
4 , 5 , 8 , 10 , 11, 13 
a nd 17 . ~hen compared 
in eacn re~ime , the 
selection line 
developed in that 
regime tended to give 
a lar6er response 
than those aeve loped 
in other regimes . 

No s i gn ificant respon­
se was obtained to 
selection for litter 
size or litter weigh t . 
fhe d i ets used did not 
bring about a aiffer­
ential res~onse to 
selection for the 
trcl.i ts ana tne 
response to the aie­
tary switch w~s small 
and temporary in its 
effect . 

Selection for 18 gen­
erations. Chan~es of 
environment in 7th , 
10th , 13th a nd 16th 
generations . Mice 
selected in their 
environment superior 
to mice selected i n 
other environment and 
tested in new environ­
ment • 

Remarks 

.Some evidence 
that F. F. line 
more adaptability 
in otner environ­
ments than L . F . 
of L . P . lines . 
L . P . line only 
selected from 
generations 1- 6 
a nd gener a tions 
11- 17. 

Vue to strong 
matern~l effects 

c:. and low h , no 
selection 
response for 
litter s ize or 
litter wei 6 nt 
a t w1;:aning in 
tr;.ese mice . 

Conclusion -
performance best ! 
improved by I 
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 interac tions 

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 f our s ire 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 va riance using 

the corrected litter weights revealed that there were no sig­

nificant interactions between sir e groups and aiets . 

Barnett and ~cott (1963) showed that inbred strains of 

mice A and A2G , oorn 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 F
1 

strains of mice was not depressed by the cold. 

Barnett and Coleman (1960) revealed an enhancement of 

heterosis in the cold environment . F 1 mice obtained by crossing 

A2G and C57BL mice were found to be more fertile than either 

0 0 
parent at 21 C and - 3 C. But the difference was much greater 

at -3°C where about five times as many mice were reared by the 

F
1 

mice, as by the inbred lines, while at 21°c on ly twice as 

many mice were weaned by the F 1 parents. 

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

environment (32°c) in two inbred strains and the F 1 hybrid. 
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But the magnitude of this depressing effect differed in the 

different strains , the F 1 hybrid being leas t 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 

0 (7, 21 and 32 C) . For both strains and sexes of mice , the 

cold (but not the hot) environment depressed body weight 

growth. fhere were no interactions and the effect of the 

temperatures was proportional in both strains of mice . 

Bigham (1965) stuuied the responses of four strains of 

mice in the same three temperatures that Cockrem used . hight 

d ifferen t 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 

stud i ed in different nutritional environments . As in practice 

different environments are as much uue to differing climate , 

as well as differing nutritional levels, any results of selection 

in aifferent temperature environments could be interesting. 

3. Correlated respon~es to selection for oody weight 

Falconer (1960a) ana 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 tha t 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 t his good agreement showed that the 

theoretical treatment of genetic correlations adequately accounted for 

the correlated responses to sel ection actually observed. 

Cockrem (1959) also used body weight and t ail length in mice 

in a selecti on experiment to t est whether stra ins o f mice could be 

produced with opposite relationships to those predicted by t he genetic 

correlation. Genetic correlation estimates in Cockrem ' s base population 

were 0.66 for males and from 0.77 to 0.92 for females wr. ich were in 

reasonable agreement with Falconer ' s estimates . Selection was then 

made on the deviations of the actual body wei ght a t six weeks from the 

expected values . The expected body weigh t was estimat e d from the 

observed length of the tail by use of the phenotypic r egression of body 

weight on tail length. Lines for positive a nd negative deviations were 

selec t ed a nd reported after s ix generations . A definite response was 

observed and t wo l ines of mice , L . C. A. (high body weight - short tail) 

and L . C. B. (low body weight - long t ail ) were formed. It was concluded 

that the presence of a genetic correlat ion does n ot preclu de the formation 

by s election of different c ombinations of correlated charac ters. 

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 like~y to occur between any two geries in mice than drosophila , as 

mice have a greater numbe~ of chromosomes • However, Roberts (1967) 

. concluded that limits t9 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 . ~xperiments to t es t this hypothesis have 

not yet been analysed . There i s also the possibility tha t pleiotropic 

genes may be influencing the two character s in the opposite direction. 

Thus , although overall th e re i s a positive correlation , there may still 

be some genes contributing a negative covaria nce . 

Mos t of the selection experiments already r ev iewed have noted 

correlatea responses associated with selection for body wei 6ht. rhe 

selection lines once formed have also provided i deal material in which 

to study these correlated responses in more detail. 

respon3es are summarised in Table 3. 

rhese correlated 

A large variety of correlated responses to selection for body 

weight have been noted and the detailed stu dy of some of these correlated 

responses (Fowler 1958 , 1962 , Fowler and Edwards 1960 , and Bdwards 1962) 

has aemonstrated th a t sev e ral physiological mechanisms ha ve been affected 

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

As well as Hull ' s ( 1 960) and Fowler ' s (1958) results on carcass 

composition showing that differences can occur in selected lines in fat 

percentage , Fenton (1956) has a lso 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 
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~cference 

Mac;1r t h ur (1944b ) 

Falconer (1953 , 1955) 

F&lcont.r .~r:d 
La t ysze .. .-s,_i ( 1952) 

f 1-::onEcr ( 1?60c) 

.1:'.0berts ( 1 961) 

Fowler ana GdNaros 
( 1960) 

TABLE 3 

$ummary of correlated res~onses to selection for body weight in mice 

..3elec tion ;:;xperiment 

rwo- way selection experiment 

rwo- ;,'.y seL:ction for 6 week 
11ei0 ht. 

..:e.Lectior. for 6 wE:ek i:ciL·ht 
on \ . 

.,l. l>L ; .. n'"'" low pl:-,nc:s of 
nutrition . 

~,_,\·o - .t ~ J sel1..cti0'1 f~,.. ,,, ,:-o:; t -
WJ-1.:?.in:; Lro .. , tn on ri ic! .. ·1n_, 

., r Yo. t; ,,., 10. l' 1 ... ~ s O - r. u t _ J. ' ~ 0 •• • 

. .,:,uJie.;. 
0

l'OAti, -.,.nJ C,U"C:l.,,S 
CO!~1po sit ..:.vn of 1"·, lconer I s 
l .... r 0 0 c:.nci G ,1·,.ll N c..nd ~ 

S "L.!' :.t i.:1;3 • 

,:; tu.iic 3. tne l i fe ti:n~ 0 ro1. tr, 
~n~ r~~roauct i on in some of 
Fulconer ' s l ar ie and small 
s t rclins . 6 l ines studied. 

3tuJied fertility of mice in 
l arbe and small N and~ strains . 

Correlated Hes pons E's 

l in e VI .J S more docile a nu inc·ct ive tha n the small , had compc.1ra tively s horter eu.rs , feet Lar6e 
.nu tail , wer e more economical in g::..ins from foo<i eaten , developeci fast e. r , bred a l ittle ear lier , 

had. a hi6 her ovull, tion r ate ana proo.uced more younc;;; per litter , Falconer ;:,nd r: in,; (1953) noted 

that w11ile Goodale ' s mice were l a rge- boctied but not very fa t , l·1a cI~r thu r I s lari;e l . ~ine were smaller 

in lineo.r dimension_, , but .,ere very f a t . 

Compared •:, i th the small l ine , the l;.,.r 6e lin e had lon 0 er t ails , hu.ci hi~her twelve - d· .. y ,,nc. three-
1.\E:-ek '!. ei..:,h ts 1 had a laq;er litte:- si.,e ano ::ere less active , The numbe:- of fertile matin 6s 

c.mci iOSt- ncJ.tal via bility fell i n both lines . 

_~ertili tJ increas E: d in both str·,ins . 12 - dc.:..y l it ter :;ei~ht Cililk y i eld) re::::~inea s tcsdy i n t he 

firs t lc.tctii..t_;_ons , but in the secvnd l ~ictc1 tions it decli ned in ooti. stri.:iins . r:1c f, t con t,an t 

of tl.e ,.1ice o f the Ltll C: iet s t rain WilS about 24,-o greater than t:,e r es tricteJ. c.h-t mi c:e ci f ter 

8 1;.,en1orc.tions uf sel..:cti.::Jn , . ._. 1,en ootn reareJ on the f~ll ci.ie t . 

l'he : .. 1..:t .-,r0dUCE:c.t ":Jy ,:e lt.:c t ion for in ·::;re·..1.scJ ~ru.th 0:1 t,.e 10·1. pl·t[,l- , Ir l ~ J... l ter re· .:--ec!. or. the ~ Cl \, 

h i t.!: .:-1_,ne , ',\·e1·e corq. ,rel ,. ~ tl1 tnose .9ro:i.uce a by se..:..c:c tior. O!'l ti1e hiZ,n plQ ne . 1\ . ~ro .-. t!1 ;:as ... eir 
C':~ 

+- l,-. .... , -r ,., ,.. .: r. ., i - '-': 
,. . ,.,, •n r t > ,,., ' 

,• ·- + +r ,., t11e ~ .. 1,.e , but vuC,.) .• e.e ne,, ..... ~r , L.l, J.e_~ J._.t 1.::i .,or ~ P-OA:!l. .. , nJ. _,_re .e"v.r .~tncrs . 

Lar
0

e li:1. ~ : [ 0 , tter ,.1t 6 .,.; :! .i «s u: at;e tuc...n the su,"'J.l l i nes a nu t.iis aif:-=rence in:;r·e"'scu. ": i th 0 1:::,e • 

ior .si.,.i·_,r 11ei 0 !1t3 -.r <'.\ut.S b.e a::,oL..r.t 0: fat ,· .. ts lower in t.r.e C str,. in t..·-n in the:-. 2tf·c.J.in , 
CauE~ of tnis str~in ui fference m~J Le due to uiffe~ent gbnes prese1.t in the foundation ~o~u-
::.'-' tion •. d,J. tr.,_1;.. slit,h tly J.L' fe·:·c:n t cri teric.. of selection . 

rh~ tNo l~rbe strains butt att~ined si1~i l~r m~ture ~Lichts , but these were utthineu at uiffe r en t 
ages , one a t six montns the other a t one )ear . Thus genetic a i fferences may occur in the shave 
of the 6 ruwth curve . Mean life span of small s trains exc eeded that of lar~e s tr~ins by abo~t 
6 ~onths . rhe l ar~e strbins had a shorter reprouuctive life , producing un avera~e only 4~ 
l itters , against approximately 11 in the small strains . rhus smal l strains even tually weaned 
almost t wice as many offs~rinb as the large s tra in. 

Confirmed tha t large mice ha d a higher ovulation r a te , about twice t hat of the small mi ce . Egg 
number correlated ~it h body protein r ather tha n tota l body weight . Considerable inferti lity 
i n both large and small N strains , while fertility of C s trains were not affected by se l ection. 
Large N strain sterility due t o low libido of the mal es and not to fema le infertility . In 
small N line sterility proba bly due to hypo- functioning of the an t erior pituitary o f some 
females . . 



T~BL~ 3 Contd ••• 

.~eference ;.,,election ..:,xperiment Gorrelate::i. r, es 1;ons es 

_;ct,. urds ( 1 962) ..., tuaL,u .size ::;nd endocrine ... 'he pi tui ~ ir ie::; of L ... r c,e rr.ice ·.vere l i:..r 0 c:r blL,n tr.ose of smc.:.11 mi.:e at all 3.!,eS . out foe Wl:i1_:,ht 
act ivitj' of the pi tui t.•ry of tne .i::it:.iitary per unit of boa.y Wc:ic,ht ·.~, ~s i J.ent ic~d in botL la:- 0 e i:..:l Q_ sm:...11 mice· . No aiffer-
i ,. l:ir 0 e and sm,,.~l i'; strnin ences ·.·,ere ulctected i n t t1e unit potency (endocrine activity per J.nit ,'I e i 0 ,l t of ,tli ':.ui tc;-.ry .;,-c·ue ) 1.,, _ .;;...., 

,~n.i ;;.ice relatec... tv ::;tr, .. -:.n ..., 
of bon:..dotrophins in the pituitc..ries of lar..;e o.n<i small r.iice . .~lso no c.i ffer,:nce in the r"" te of V • 

tnyroid. secretion . 

Fo·Nler (1962 ) ..., t:..l.i_;_-.:..\ the (;if i C i •..-n CJ 0: .: ,) C, (l .L.,i.;..ru e rr.i_;t.. ::::)n.:urr.ed rr.ore food o.n~ '.1 tiliz·:u it c"ore er'ficient.::.y cc1rine; the J:.,eriod of :nost rcl._1.,i-.1 
.<tili.c::..,t.ivn , c.i;:;e.stabil ity of gro -'1 tn t h3. n sm.::..11 mice . .. :...r Le ;11ice absJrbt?d b. 6..'.'eo.tE:r ~,ropo1·tion of protein but tni .... aid not 
fvods :.·.;.ff :"., .r1J enerb.Y t:Xl)E'!,Ji- &cco:_int for t:,e :; ei..;h t c.ifference b()t·,l'een t:-.e l<:<r<-e c:..nd sma.i.l lin'"'s . .i:..n ... r r;;,i •JXJJ1;,!'.lC:.::.. t..1:•e of 
t..ire Jf rni.:e in lar 0 e 0.11ct s,·.all lu.r ...,e mic e . ,,,.. ,~ t,re~,ter th.::n ,',!ic:..l.::. mice :...t ::,::.1 U. u<- S I but 

. . , 
fo.::· the lOU.) ,Jeie).ts . n OV S.l.flll..,_~r $£. .. ie 

N t; tr:1.:.~ . 

:iull (1960) ,,. 
.1. ,1r e e lines of n!ice :; ere sel-:~ted i'he proportion of L .. t in the c:,rc"' ~ses of tr.e selected ani;r.::;.ls increased m:.,.rkeuly in t:ie line 
for fi v,- _,eneru. t.;.ons . for hi6r . :;;.Jlect.E:d for hir.;h 3 weete 11:eibht , whil(: in tne otLer t:JO lines the pro.t.or tion rem<Ji.ned the s"':ne 
body .VE. i 0 .i t at 3 , 4.:! vr G weeks ..J.S that in tne control line. Not expected r e:.;ult from theoreticcl u.euuctions . Ifo t y Lt fully 
of 0 c;e • expL,ined. 

Hannefeld et al . ~election for post Neaning .... s timat ed the 0 ,metic correlution be twec:n bociy weight anc. litter size : - 0 . 153 (not significantly 
( 1962) gro•;;th in mice . different from zero) . .'l.CtU:il 0 eneti c c:,ange i n l i tter size during 13 generutions of select.ion 

was 0. 082 + 0 . 035 mi ce per generation. 

Su therL.:.nd et al . bel ection for gainini;!; ability Over ten generations o f sel ection total feed consumed i n creased by about 1 o;.; , so that gr ams of 
( 1965) in mice f rom 4-1 1 weeks of age . feed re-1uired per gram of gai n was reduced by about 50,,6. 
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quite marke dly, while the I/FN strain showed no such increase. 

Dickerson and Gowen (1947) studied hereditary obes ity and 

effi c i e nt f ood utilisa tion in the mous e a nd their results empha sized 

tha t a d i s tinctio n ne eded to be mad e between - " the heredita ry a s soc­

i a tion of increa s e d f a t depos ition with lower fe ed req uirements per unit 

gain in we i ght, a nd th e dev e lopmental associa tion of inc reased fat 

d e pos ition with hig he r f ood requir e me nts ." 

Although not selecting directl y for body weight in mice , Barn et t 

(1 961 , 1965) sele cted a mixed s t ock of mice f or fertility for tw e lve 

generations at -3°C. A con t rol l ine a t 21°c was no t sub j ec t t o any 

delibe r a t e s elec tion. A r es po nse to se l ec tion was obtained a nd was 

accompanied b y a possible gene tically de:erinined incre~se in body wei gh t , 

b~t a decline in a bdominal adipose t i ssu e . 

'rhus amon gst othe r ~orreln ted reGpons es o bserv e d sel ection f o r 

an increase in body we i 6h t i n mi~e resu lts i n a n increas e in t ail l e ngth 

a nd f er t ili t y a nd a chang e i n ca rcass c ompos i tion . 'rhe re i s some 

e viden c e tha t correla t ed respon ses observ e d i n different environments 

( Fal c oner a nd Latyszewki 1952 , Falconer 1960b, Barne tt 1965) may be 

differe n t from those obse rved in standard experimental environments a nd 

that changes may have occurre d a t t he physiological 1evel. 

B. FE.RTILITY AND MATERNAL EFFEC.TS IN THE MOUSE 

1; Maternai effects 
,(''' 

An a lysis .ajd interpretation of selection exp•riments ~ay be: 
'"' .. ' ,,. . ,; 
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profoundly affected by maternal effects. A brief sullim&ry 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 

complica:ions of maternal effects . 

Growth of young mice may be affectea by both prenatal (uterine 

environment) ~nd post-natal (m~thering ability) maternal effects . Butler 

and Metrakos (1950) aemonstrated the importance of post-natal maternal 

effects in a cross-fo~tering experiment with three stra:ns of mice . 

Chai (1956a) estimated the maternal effect on body size in several F1 

hybrids to contribute more than a 4uarter of the total variation in boJy 

weibht at 60 ~bY~ , wh i ch w4s a lar~er ~ourcc of variation th~n ~as the 

6 enetic constitution of the hybrids. Brumby (1950) ana 3a tem~n (1954) 

conclu~ed tha~ the prenatal matern&l effect is breate r than the post-natal 

m3ternal e~fect . bru~by f o una that maternal effects in boriy wei~ht 

per~isted until about 3 months o f age . 

bateman (1963) mass selected mice for hibh and low five week 

body wei~ht for ten generations. iie 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 quarter of the maternal effect stemmed from maternal five week 

weight and maternal genotype (selected thr ough family differences which 

constituted two- thi rds of t h e superiority of selected i ndi viduals) 

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 

proauce lar6e 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 Nill tend to be larger. This cyclic phenomena has been 

studied by Falconer (1955 , 1960c , 1964 ) who has calculated estimates of 

the stanctardized partial regression coefficients relating mothers litter 

size , daughters six week weight and daughters litter size. 

Monteiro and Falconer (1966) have further investigatea maternal 

effects in mice in relation to compensatory growth . 

~ven from this brief examination of matern~l effects it is 

plain that they may be an importa nt factor in selection experiments Nith 

.. 1ice , and may overshadow the true gene tic situation . 

2 . Fertility in t he mouse 

rhe usefulness of selection experiments is limited if fertility 

is impaired, as the intensity of selection is affected by tne 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 various aspects of fertility on selection for body 

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 temp era tures o f -10°c 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 fema:e mice . Barnett's inbred s trains 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 oestrous 

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 (1 956, 1959), Barnett (1956), Barnett and ~oleman 

(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 suggeste d was the result of a cumulative maternal effect . 

Bi ggers et 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 case o f the cold mice . Post- natal mortality 

was greater in the extreme environments than in the temperate and greater 

in the cold than the ho t. 
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Ogle (1 934) found tha t white mice subjected to a wa rm humid 

environment (32°c) s howed a low percentage of matings that res ulted in 

pregnancy, small litter s ize and low viability of offspring compared to 

mice at 18°c . Sundstroem (1922) found that albino mice kep t a t 31°c 

a nd 21 °c had simil a r litter sizes but the conception rate was slowed 

down in the bot environment . Sumner ( 19 0-.9) subjected white mi ce to 

26°c and 7°c and found tha t mortality was higher in the lower temper ature . 

However, fer t ility in this line of mi ce was very low a t both t emperatures. 

Thus extreme tempera tures (both hot and cold) may ha ve a 

de l e t erious effec t on reproductive performance in the mouse . 

1 . Terminology 

PnYS IOLOGICAL A~PECTS OF ACCLIMATION 

ro H~AT AND COLD 

The followin g definitions of terms re lating to thermal experience 

are used in thi s r e view a nd thesis. They a re among those s uggested by 

Hart (1957) and endorsed by Eagan (1 963) to a void confusion a r i s ing from 

the ir va riable meanin gs in the past. 

The t erm acc l i mation is used to describe th~ result ing alterations 

in the animal whe n temperature i s the only va riable. 

,. ... : ~ 

Accli~itizat ion is the ter~use d when m~difications indu ced by 

climate are considered. Ttie,re are now multiple factor's to be considered 
;: ', • • I • " • • • • ,: • 

•,t :- . ' 

including season, l a titud,e, .. t emp~ratu~e , humidity ·etc. •.·. 

, . i 
Adaptation is reserved·. to desi.gna te_ racial or, ;:;peeies differences · 

.. . .. 
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in relation to climate and inherited differences over many generations 

may be involved . 

2 . 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 resJlts of experiments of tnis 

kind. hlso of interest are the relationships between boay wei ~ht and 

tail length in the mouse Nith special reference to the possible function 

of the tail as a thermoregulatory orban. fherefore a summary has been 

maue of the acclimation responses of small homeotherms to ooth heat and 

cold. 

I'he chan 6 es taking place during co~a acclimation have been 

reviewed m~ny times (Hart 1952, 195d , 1961 1 1964, 6mith 1960, and 

Heroux 1961a) . Barnett (1965) and ~igham (1965) have revie~ed accli­

ma tion Nith regard only to sm~ll homcotherms, thot is rats ana mice. 

,,hile Barr.ctt (1965) on:y reviewed acclimation to cold , t:gham (196;) 

reviewed acclimation to he~t anci cold and notes that less information 

is available dealing Nith acclimation to heat. 3chmidt-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 Nater and heat balances. In 1963 an International 

3ymposium 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 . 
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It would be quite impossible to e ven at tempt to summarise these 

numerous and extreme ly comprehensive reviews . However, they contain 

essential background informa t ion for this review and the fol lowing comments 

are pertinent . 

It i s now evident that the climatic ad justments observed are not 

identical in every respect with those induced i n the laboratory by uninter­

rupted exposure to a constant temperature {Heroux 1961, 1963, Hart 1961 , 

1964). Co ld acclimation of mice a nd rats in the laboratory would appear 

t o be purely metabolic , with l i ttle cha nge in thermal ins ulat ion. vi hen 

exposed outdoors to the natural fluctuat i ng environment however, both 

metabol ic and insulative changes are observe d . 

Bigham ' s {1965) revi ew of acclima tion in small homeotherms 

s ho~ed that the a d justmen ts tha t occurre d during cold acclima tion were : 

a high me tabo lic r 3 t e was ma inta ined , a l a rge increase . in foo d consumption , 

a reduction in body growth , total deposition of body fat a nd tai l l ~ngth 

growth , a possible increase in the weight o f hair grown , but no cna nge 

in the wei ght of the pe l t , and little cha nge in t he insulat ive value of 

the pelt and hai r . 

The evidence fo r the responses of r ats and mice to heat appear 

contradictory and Bi gham concluded tha t basal metabolic rate may be 

decreased, possibly as a res ult of a general reduction in voluntary 

activity. Other associated cha nges may be: a qhange in t he growth -

rate but results are contradictory, an increase in tail length growth, 

little or no effect on the amount of body fat de~o~itio~ or hair weight 

growth, while food consumption may be decreased . 



As well as studies on metabolic a nd insulative changes, 

extensive work has been done studying acclimation responses at the 

phys iological, endocrine and cellula r levels (Depocas 1961, Potter 

1958, Smith and Hoijer 1962) . 

3. Body weight - t a il length relationships ip the mous e 
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There is ample evidence that both body we i ght a nd tail length 

g rowth are a ff e cted by temper a ture. There is a lso a f a irly strong 

posit ive genetic corre lation between body we i ght and t ai l l ength in the 

mouse (Falconer , 1954). 

The cha n ges that occur in body we i ght and tail length on 

exposure to extremes of temperature have been postul ated to have adap tive 

value . 

The climatic r u l es of Bergmann (1847) a nd Allen (1 906) (cited 

by Scholander 1955) s u ggested t ha t a nimals i n cold envi ronments should 

tend towards l arge spheres with short e xtremities , while in ho t environ­

me nts smaller s ize and l a rger extremities should be adva ntage ous. The 

r easoni ng behina thes e deductions was that in the cold it would be 

desirable to reduce the surface area relat ive to weight to conserve heat 

in order to ma intain a consta nt internal body tempera ture, and vice versa 

in a hot environment. S cholander (1955) reviewed the ev~lution of 

climatic adaption in homeotherms and c oncluded that there was no physiolog­

ical evidence in animals or man that Bergma nn's and Allen's rules reflec ted 

phylogenetic pathways of heat-conserving adaptation. · Joh~nsen (1962ai 

who discussed the evolution of tempera ture regulation in mammals, a lso . 

pointed out that body temperature 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. 

Scholan der (1955) admits that conservation of hea t 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 s urface , 

its vascularization and vaso-motor tone , and its abili ty to tolerate 

extremes of temperature. 

A similar type of reasoning to tha t of Scholancter (1955) can a lso 

be a pplied to the acclimation of small homeotherms in the laboratory. How ­

ever, it is important to remember thut resul ts observed in the laboratory 

where standard conditions apply and often inbred animals are used, may have 

limited generality . rheoretically , the adaptive cha nge in tota l 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 tnan controls at wa rmer temperatures (Heroux 1961, Harnet t 1965). 

Insulative adaptions are not of importance in acclimation of small homeotherms 

to cold, where increased metabolic rate and behaviour al responses (such as 

neat-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 . 

S imilarly 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 v a ries with age a nd with genotype , a nd 

is n ot alway s the case. 

no adaptive s i gni f ica nce . 

Again any cha nge in body we i ght is probably of 

Tail length is a lso t empera t ure labile ( Bigham 1965 , Barnet t 

1965 , Har rison 196 3 , Harrison e t al., 1959 , Chevillar d et a l. , 1 963) . 

Thus a lon ger tai l i s observed in hot environments and s horter tails i n 

col d env ironme nts . 

Har rison (1958) showed t ha t mi c e whos e tails had been removed 

were less heat toleran t tha n controls . After their detailed s tudy of 

t a i l growth in several str ain s of mice , Harrison e t a l. , ( 1959) , concluded 

that t he l onger t ail of the heat rea r e d mice, with their l a r ge surfac e 

area , absence of hair , rich vas cular supply a n d multiple a rteriovenous 

anas tomos es, functions as an importa nt heat r egulatory str uc tur e . 

Barnett ( 1965b) confirmed t hat low environmenta l tempe r ature 

diminished tai l gro wth in both inbred ~no hybr i d strains . Howe ver , he 

also foand that a mixed s tock of mice (derived from 4 inbred strains) 

~nich was selected t o produce l a rge litters at -3°C o v e r 17 generations , 

s how ed an increase i n tail l ength , both absolute and relativ e a n d nearly 

reached the rela tive l ength o f th e controls at 2 1°c. This resul t did 

not comply with Allen ' s ' rul ·e' and in this ca s e a superio r acclima t ion 

to cold, d u e ,a t leas t partly t o s e l ection , was not accompanied by the 

expected chan ge in t a il length . Barnett als o cites a n e xperiment by 

Wilber a nd Robinso'ri ·(1961), who f ound no ef f ect of removing the t ail on 

. t he thermoregulati oQ. of. rats, which :i,_s in direct c on tras t to .. Ha rrison ' s 
.,.,· f •• ' 

(1958) r esults. Barnett (19~5b) concluded that these obs erva t ions do 

• not prov-1:de ~my ev.id·e·n·c e tha t .tlie tails of mice ha'{e a thermoregula tory 
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function in a cold environment. 

Cockrem (1 963) exposed his high body weight - short tai l and 

0 
low body weight - long t ail strains of mice to 7, 21 a nd 32 C from 3 to 

6 weeks of age . He found that i n the hot the short tailed strain showed 

less tail length response than the long t ailed strain which was opposite 

to what would be expected if a long tail h ad adaptive value in the hea t. 

In the cold the long and short tailed s trains showed a similar incre~se 

in tail l ength wh ile the long tailed stra in should have grown less, if 

a short tail ha d adaptive va lue in t he cold . 

Thus we have contradi ctory inte:pretations of the observa tion 

tha t t ail length is tempera t ure labile . 

Co ckrem (1963) sugbes t ej that discussions on a c c limation t o 

various ambient temperatures should be based on more fundamental chara cters 

than s ole ly ana tomical features such as tail l e ngth and body we ight . Th e 

efficiency of the t ai l as a 'heat radiator ' will depend on its surface 

area , its blood s u ; ply and its insulat i o n . Periphereal tissue growth and 

p er iphereal tissue adap tation to extremes of temperature may also be 

impor tant factors to consider (Le Blanc 1963 , neroux 1959a , 1959b , 1960 , 

1961b , 1961 c ) . For example mitotic rates of p e riphereal tiss ues are 

decreased in cold accli ma t ed r ats compa red to warm acclimated rats, due 

mainly to a l arge increase in the mitotic duration (Heroux 1960) . I n 

addition the an imal' s a b ility t o adapt to a particular ambient temperature 

will depend on its ability to change its metabolism , the temperature at 

~hich it v~so constri c t s '. p e r 1phereal blood vessels and perhaps its f ur 

· and :fa t insu~ation. 

I 
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Recen t work by sever al Canadian workers have s t udied th i s very 

aspect in rats . 

In several homeothermic a nimals the extremiti es (body appendages) 

have been shown t o p l ay an importan t rol e i n heat loss and its regu l a t ion. 

Johansen (1962b )sho~ed that subjecting muskrats to a pos i tive heat load 

r esul ted i n a marked i n crease in t ail temper a t u r e whil e t ail bloo d flo w 

increased concommi tantly by a factor of more t han 400 . Immer sing the 

tail in ice caused vasocontriction and a drop in the temperature of the 

tail to about o
0

c . Occlusion of the blood flow t o the t ail du ri ng a 

positive heat load led to sev ere h yperthermia and death fro~ heat 

apopl exia . Due to this vasomotor lone it was concluded t ha t the muskra t 

tail is an indispensible heat exchan ~er . longo a~d Luck (1953) noted an 

increased blood flow in the tail of a monkey at 4o0 c o f about 10~ of the 

cardiac output , about twice :he flow at room temperat ure . 

He~t 1035 in rooents aoes not seem to be aue to pantin~ or 

sweating as in most other homeotherms . rhere ha ve b een vary few f unctional 

sweat glands found h i stologically in rodents (Grant 1963 , rer rent 1946 , 

Ring and Randall 1947) and r espiratory exchanbe i s probably of minor 

impor t ance . r hus vasomo to r con tro l of skin temper a t u r es is a very likely 

means of h eat loss a nd r e gula tion in rooents . 

Rand et a l ., (1 965 ) found tha t vas odila tio n in the rat tail 

occurred at a mbient tempe r ature s o f 27 to 30°c , with blood flow increa sing 

by a f a ctor of about fifteen. Meas urement of heat l o s s using a gra dient 

c a lorimeter on the tail c onfirmed this vasodilation. After vasod ilation 

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 hea t loss of the tail was increased. After 

acclimation to 30°c no sudden vasodilation occurred up to ambient temper­

a 
atures of 33 C. 

This experiment established quantitatively the importance of the 

tail in the control of heat loss in the rat. 

Ran d et a l ., (1965) measured , both in vivo and in vitro, the 

effective thermal conductivity of the skin of rats. There was no signif-

icant change in t he conductivity of the skin , in the fur covered a reas , 

during acclimation to cold, which s uggeste d that t he rat does not use 

vas omotor control of the skin circula t ion t o the fur covered areas i n its 

temperature regulation . 

Thompson and S tevenson (1965) confirmed Rand ' s observa tion that 

vas odilation does occur when rats a r e subjected to a pos itive heat load 

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

used by Rand) . They also found that foot skin s howed vasodilation 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) a lso found that cold acclimated rats had a higher tail 

skin t emperature during rest and greater vasodilation during exercise than 

unacclimated controls. 

In concluding this section, and this review of literature, it 

is now clear tha t heat balance in roden ts is most probably due to vasomotor 

control of the extremities an~ any morph~logical changes, such as changes in 
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body weight and tail length , are likely to be of only minor importance. 

Apart from Barnet t' s (1965) experiment to select for increased fertility 

at -3°C, 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 establis hed 

in different tempe rature environments , a ny dif fer ence in body weight -

tail length relationships could most logically be explained at the 

physiological level. 



Chapter II 

M A T ~ R I A L S h N D 
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Cha pter II 

M A T E R I A L S A N D METHODS 

.A . EXP£iiI MiNTAL ANIMALS 

The mice used i n t h i s s tudy were a sampl e from t he LC lines 

es t ablist ed by Cockrem (1 959) . Thes e :in~3 origina t ed from the three 

inbred lines :- CBh/FaMa c , C57 BL/FaMac and 101/FaMac . 

: ~l e~ ti ~n h ~d b ~c:: c~~~i~u~ ~ ~c th~c~ lines , bu t a t the 25 th 

ben0r~tion cf ~el cc t~on , bo th the :CA and the LCB lines Ne.!"e outcrossed 

At ~he 3]th l en~ration c f ~e l e c tion t he LCA bnd LCB 

l ine-, '\ ~ ,,. e cro ...,sE":d r0ci;1•c ,-: :,, l;; ( Viu.!" ,:l: , 1965) i.-.::..l !,hen :se l e cted for s ix-

Se le:tio:: was t hen cea5ed a n j th8 

pop~l 3 tion ~ a c r andom bre d for a furthe~ three generat i ons , a t whict s t age 

( March 1966) , t hey were t ",'.<.e n over for tr.i:., s tudy . 

Thus t he fo undation population used in U.is ex:perimen t wa s 

f ormed from a cross be tween the LC A a nd LCB lines and wa s a good he t erog,neous 

s tock fr om which to s t a rt se l e ction . 

B. HOUS I NG AND FEEDING 

Mice were kept i n three t empera ture environmen t s . The mice kep t . 
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in :he temperate (or s t acdar d ) cnvironme=t were housed in a room in t he 

2rnall ~n i mal Research Uni t, wher~ the temperatur e was cnntrolled a t 

As no coolinb s ystem w~~ ~v , ~l~b l c , in mi~- s u~~er t empero t ~rcs 

~ou l d r i ~e fer 3hort per i ods t o ~bout 26°c. 

l i Ght , r d humiiit~ w~s no t cont rollei . Mice ~ere kep t in plas t ic boxes 

(1 ? " x 611 x 4: 11
) ,1'rich ,.ere kept on r,:::.l l r:1c\rs . 

The ~ot c~ 7ironment ~~s r r o v i~~d by pu t tin~ t he pl~s ~ic c~ ges 

'J'he ho: r,la tes 

w0re c ontrolled Rt 31° c ~ 3cc by a t hcr~os t at fitted in t o t n~ 3 i ~ e o f ::i 

ti~ c~~e (i . e . c~~e tcmpcra t~rc x ~o ;ontro:lc~). ~act ho t ~late c ould 

... -.. 
"' •• l., 

•- .; 

_ '-J ir .. :.c pt ::J. t 

ri .J,..., 

' - + ~ ..,, .i.:· .:, - _, .. v O f 

gener~~ion ~e re ma t ed ) the mi ce ~ere mo ved to a small e r room with a 

temperature con tro l o f 7°c + 2°c &nd the dayligh t cycl e was s till provid~ d 

by the pho t o - e l e ctric c ell contro l . Mice in the co l d environment Neie 

a l so kept i n p l ~s tic ca6cs and no speci al nest ing material additiona l to 

the wood s havings b edding was prov i ded . 

I n a ll e n vi~onments f ood and water were provided ad l ibitum. 



32 

~ sta ndard pelleted fe e d Nas us e d and gross energy determinlitions o f this 

feed , usin~ a bomb c~lorimetcr , gave a val u e of about f o ur kilo-calories 

per gram . 

Jisease did not cauJ~ a ny ma jor problc~s in thi ~ exper i men t . 

Infan tile dilirrhoe~ or a sirnil ~r d i sease d id o cc~r s p~sillodically but t h i s 

could be tre~ted . Alttou~h infcc~cd mice usua:ly did not cie , by the tixe 

they recovez·ed they acr e o f ten quit e 0raaci~t c d , and these mi~e were not 

in~!uded in th~ c e ncra tion averuJe a~J were thus no t a v~i!ablc far ~ cl ectio:: . 

It ~~s obcierv~d that t ~e i n c i j cnc~ of diseu3£ ~~s much lo~er i n ~he cold 

cnvironrr.ent . 

1 • 

cor. tro l 
, . 
.J..l.nt ..:; Wt.!I"C l n 

the ll.r ee t empera tur e e nvir o:1.:11.:nts . n culc~J&r of tv ents i s shown in 

Tabl e 4. The Cold Control line t~s not fo r med a ntil the s
2 

~eneratio n 

a nd ~as~ random sampl e f rom the 8ontrol s
1 

offspr i ng . Both control lines 

wer e ~aintai n e d by r a ndom selection a n d then the eight males a nd female s 

~ated a t r andom with the r es triction o f n o s ib mating and wi t h the pro viso 

that each f ami l y be represented in the n ext gene r a tion by a t leas t one 

ind i vidual. 

Selection for six-we ek body weight was carried out i n the three 

selection lines. In ea ch lin~ the eight heaviest males and f emales 

respectively were select~d and then mated at random avoiding s ib ·mating. 
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I n a ll lines two additi onal ma tings were mad e in each gen er a t ion , which 

were us ed if dea t hG or an infertile mbtin6 o ccurred . 

Ma l e and f em~le pa i rs here kep t t o ge t her permanently and two 

litters ~e re produced from e~ch pair , a :though sel ec tion was carr ied out 

on the f i rst litters only . Litte r s were no t s t andbrd i s ed t o b cons tan t 

number c. t birth . 

F i rst l i t t er3 were weaned ~t ttree weeks o f age , ea r ma rked , the 

body wei6ht ~nd t ail l en bth r~cor~ed and then stored ~ith ~our t o eix mi ce 

i n a caue , with m3 l es an~ f emal~~ Gepara t e . ~t s ix ~eeks of a ge body 

we i~ht a n J t ai l l e ngth ~ere b &ain r e corded . I n the c0ld environment 

wea~ed mice fr ~~ eac:. f a iliily were div iJ0d betac~~ di ~fcrcn t s tora~e cag0s 

to ~vo id ~n; se l ect i cn fo ~ huddl ~~~ . 

I t w~s ~tt~m~ted to ~~ ~p all linu ~ co~tcmporary , bu t f ertility 

~:;--oblems NC:'c encoL.r: t s:·ed ::.:i. the Ho t : inc wr.i :.:h :ii:1de thi s i d.ea l i rr,pr a -:::ti cal 

( Tc:..bl e 4) . 32°'"' t ~1 vc . .. . .'.'1,2 r.:duc ti:;r: in '.; i:le hot te:rpcra t,.n·e from " o ;,; i n .... :w 

: 2 6~n~r~ tion w~s x~~e t o inc~ea sc the f er ti l i ty . In the S gener ~tior. 
0 

the ~o t l in~ w~s m~ted a t 32°c . Bu t i n the s1 6enerv tion mi ce wer e ma t ed 

a t 21°c c..-1,J tL ,.: r. t te f em::i. l es on~y , moved back t o the ho t r, l at es when ' t hey 

had been pregna nt f or abo u t two weeks . Fema l es were mated again a t 21°c 

•ten they had weaned t he ir fir s t l itter . 

As t he result of a t r i a l he ld in the s2 g enera tion to t es t the 

d ifference in six week body weights o f the offspring produ ced by f emal e mice 

d t 31°c b th bf d ft t ·t· th t d expose o o e ore a n a er par ur i ion , e ma nagemen proce ure 

i n the Ho t line was further a lter ed . Thus from t he s
3 

g enera tion on , 

f emale mice only were put on the hot pla tes four days afte r p ~rturition 
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and tLe offs~rin~ t~ken off the ho t plates a t six weeks o f age . 

2 . Experime~ t II . - Ch-nee of environm0nts 

Ttc de3ign of thia experiment i~ set out in rable 5. An ext.ra 

two ~r three mice ~ere r~ndomis~d in t c each group and t he~e were used as 

repl~cements if a0~ths occurred . ~our to six ffiic e were kept i n e~ch caJe 

3.nd where ne cess·,rs n:..mbe:-s m~re made .1:r to th _;_ :, .1 i th ,-:;p_.rt; mice . 

...;·1•··· ~ime. Ho . ..-.J ·,r_r , 0·1.i!1_; to tr.c. .liff"'rer.~ ti.r.:t):::i ·-t .:.::ch ::~conJ lU.t, rs 

a \ 
~ - .... :..: ~ u ~ "' r; r t 1. e :,, v, er c 'b o .:-- n • 1 ~ ti 1 

:te Hot. lin_ rlid no~ ~rui~:c 

:hc:::;is . 

1 • Body we ight 

For mos t of t his experiment body weights were t aken using t wo 

s i milar Avery balances , r ead to 0 . 2 of a gram . This gave a n accuracy of 

about+ 0.4 grams . All the fourth generation mi ce and the cross- over mi ce 

were measured on a beam balance which read to an accur a cy of about~ 0 . 2 grams . 
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2 . Tail length 

Tnil l e ngth ~as measured by r es training t he mouse in a specially 

~ade con t ain e r , and t he n drawtng the ir t ails ou t along a rule r gr a duated 

in C"'n time tres . Care w~s t aken not to s t re tch t he t a ils . Tails were 

read t o an accuracy of+ 0 . 2 centiT.etres . 

3. Fertility 

Lit t er size 'l. t 'c i rth ( l i ve + dead) ;;ere r ecorded fol· both t he 

ri c~ Rbout t o li~~Pr wrre looked ~t daily . 

t•: ice 'Here not sexed ~n til wei.1 ninr; ;:-, :, thr e e wPek s of -ie;e . 

,, . 

'flh c ~·: ~ •v ,s ~ r::,ovPd , te;" +- c od r xp c lL:<i ,1.n d :hen t~ 0 ::;u t was r ctu!'nf)d 

:h e e t hPr s o lublP mqteri~l w~ s ext r 1.cted in a ~nxh l c t ex tr~c t or usine di - e t hyl 

.\ft c r e v<ipor :i t i on of th') c t b cr t he residue was wei[;hed and t ::is e t her 

extr~c t w~s t hen take~ Lu r c p :e~ ; n t ' carcass r ~t 1
• 

of a .;e . 

~ i x ma l es a nd s i x f emales were ano l ysed fr om each line a t s i x we eks 

fhe Ho t l ine mi ce were f rom t he s4 gener ation , whil e the samplea 

fro m all other lines were f rom the s
5 

genera tion . 
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( . .; ; . 

c .. . -. 

·r ...... . , _ t: .... 

l'in. expc :;tc.d s ... 1 ... ction -1.;.fft.rent.i:ils c :.i.n :, l::;o be c_;_lcul .t ... -.: 

fr om Lhc t~ble cf Sco~~3 for :rdinal Jata (Fi3h~r and Yates , 1948 , Table XX ) . 

The rebr~~~ion coeff i cien t s ca lculated may be influ~nced bJ i nbr ~cj_;_ng 

and maternal effects ~nd thus m~y no t be accurate es timates of heri t abi lity . 

How a ver , irr espective of its accuracy as a heritability estimate the real ized 

heritability is probably the bes t empi rical description of the effec tiveness 
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o f selec t i on ( Fa lconer 1960a ) . 

2 . I n b ... ·ec dir~g 

~he r estricti ~n ~f popu l a tion s i ze , us occur3 i n mo.s t : a boru t or ; 

c xper i~en ts where space i s limited , l c:.i.ds t o 3 ~ i ncrease in homozygos i s 

with i n the popul a t ion . 

,.riGht (1 922 ) fir3 t i ntrod:.i.ced t he: cor.cep t o f the coeff ic i <:nt 

o f inbrc~d i ng ( F ) , whi c t he defined i n term~ of t h ~ corre l~t ion be t ween 

..;:1 i t. i n c:; gair.e tes . ·,h·i 6 h t ( 1931) .sho,, c ..i tt...t t i.n c.:.c r r:.i.r.dom ::i"' ting wi t hi r. 

a closud popul ation ~he r ate a t which i nbrecd i n~ i nc r e~sed ( A F ) i s 

~M + l·F (.•: i th M m.:i.l.:. :..; anc. 7 : err..:... lcs res~ec : iv t:ly) • 

. J J J no t be Po i sson t te effect i ve popula t i on s i ~L ( Ne ) w~~ t be conb i d~L·e J 

~nd ~ot t he actual po~~ l u Li un s i ~e (N) (Fal con~r 19GOa , Eob cr t Eon 1961) . 

r he f ormula u s ed by Go~e , aobertson a nd Latte r (1 959 ) t o ca l cul a t e 

~ e has be en used in t hi s study . 

2 
<r'n 

1 
2 Ne = 

1 
2tn + 

N 
2 

_<r 2 
2 (En) 

N i s the potential pa r ents from which i s sampled n game t es and 

i s the variance o f n . I n applying t hi s f ormula .all f our differen t 

s amplings of game t es which t ake _pl ace 'in"reproduc t i on mus t be c6ns i d~red 

,, 
. ' 

-. .. 



(~ale to male , ffidle to f~~ale , fe~ale to male , and female to f~male) . 

v;_.lue . 

.,, . 

fhc rate vf inb:·ccdinc cun t.l.en t.:: ::::ilcc.lat,._c1 fi:o_. :he t:~ 

1 
2Ne 

~o as t~ be ~blc ta ~om~J,e th~ rate of in~re~Ji~~ calculat~c1 

. -..... ..,__ ... t:.c 

(a) ~xp8rim~nt I 

rlll an~lyses were carried out at the fourth 6eneration . 

Because the experimental design was not orthogonal two se ts of 

analysi s of variance were carr ied out . 

Analyses of variance of t ail len 0 ths and body weig~ts was 

carried out between the three selection lines . The model used 

was: -
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X. 
l.j = µ + a . + e. 

1. l.j 

where - X. = the individual observo tion . 
l.j 

/1 = the 6enera l mean. 

a . = the three t emperatures (tha t i s fixed 
1. effects) . 

e . = the error ter m ( as sum ed t o be norma l ly 
ij anJ indepenc.::;.n tly distributed wi t h zero 

mean a nd cons t an t var i ance ) . 

l .. 1 to 3 . 

j = 1 i..o n. (tha t is unequu l s ubclass numbers ) 
l. 

,.na ly s u , o f covur::..i...H <:: e were also car!" i cd o ut be:tweer. t he 

thr e e a ~l e:tiJL l ines . 

where -

y .. 
1. • 

J 

µ 

a . 
l. 

'3 

= 

= 

= 

= 

X .. = 
l.J 

.:.'i1e il'loJe l ·~s ed w.:i.s : -

/1 I a . + '3 X. .. + e .. 
l. l. J l.J 

tl,e i nd i v:..uuc-::. observation of t he ..iependan t 
v'"'r..:.. 1:1. bl e . 

the 1;enc:'o. :!. mean . 

the three t emperature eff ec t s . 

t h e r e6 r ess i on coe f f i c ient of y on X within 
the classes . 

the deviation of the independan t va riable 
from the t o t a l mea n . 

i = , 1 to 3 •. 

j = 1 to n .• 
. l. 

'To include the two control lines in the calculations , analysis 

of va riance ~as carried out within a 2 ,x 2 t a ble, that is t ~o lines ' 
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(selected and control) and two environments ( s tandar d and cold ). 

The model used was :-

Xij k -· /J + a . + b . + ( ab) .. + eijk l. J l. J 

where a .., a n d a., a r e the selected and control 1 • - ... ines . 
I I... 

b 1 and b2 are t he stanua rd and cold envir on ments . 

( ub) .. 
l.J 

a r e the int e r ac tions . 

k = 1 t o a .• 
l. 

Je cause o f un ~~ua l subc l ass n~mbers a we i ghted means anulys is 

was c~rricd out ( Snedecor 1956 ) . 

rte prc3cnce o f interact ions e limi na t es t he a ddit ive nn ture 

of tLe m£.. i n effects ( a . Lind b.) acti n 6 togC: t her. 
l. J 

In t ne pre::.;ence 

o f an ~nteraction care mus t be t Jk en in interpreta tion of t h~ mean 

sqa a r es f or ~ain ef f ec t c . 

?he final in t erpre t at i on o f a ny o f t tcse ~naly~es i s d~peLdan t 

on establishin~ wt i:h means ct i!fe~ fr~ ~ which . Thus providin,.; 

there was a s ibnificunt F t est diff erences between main e ff e ct 

means were t es ted using Dun can ' s Multiple Ra nbe Tes t ( Dunca n 1955) . 

(b) Exper iment II 

Analyses were simplif i ed in t his experimen t by the presence of 

equal s ub c l ass n umbers . However , again the des ign was not ortho-

gonal ·and a ll means could no t be tested i n on e analysis . Va ria bles 

in t he three selection lines were a nalysed factorially i n a 3 x 3 

table . 
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The model used ~a s :-

where - a . 
). 

b . 
J 

( a b) .. 
J.J 

= 

a r e tte three selected lines . 

2r e t he th~ee environ~ent ( ho t , c t a nd3rJ , 
cold ) . 

ur c t he in t eractions . 

k -=- 1 t o 5. 

~c incluic the contro l lines in the a nalysis t he above ffiode l 

~~G modi fi ed to a ?~ 3 t a rlc to t est c3cb p3ir ~ f 3clecte1 ~~d 

co~ t rol lin~= in t~c three tcmpe~2t~re envir c nmcnts &~d also 

I.~ •. } z· C -

':im s 

V 

,,, ... ,.... .. .... ....... 

- i j :~ ,.
1
. + b . + ( ab ) . . + ~ X .. + e

1
. _

1
.k 

~ ~ ~ l J -

X . . 
J.J 

::; t rr .:-·--:_:re ~-; i ·n ~oc : fi.::;jr•r:t o f J o:: X ·1✓ i tl1in 
th 12 Cl :1 3 SC S • 

= the rl~ vi~tion o f the independa~ t variab l e 
[ ro~ t he t o t a l mean . 

i a n d j varied with the pa rticular f ac t ori a l de= i gn 
being used . 

k = 1 t o 5. 

In a ll tables of re s ults where a na lyses are presented the 

proba bi l i t y of t he d i ffer enc es be i ng t he r e su l t o f the cha nces of 
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NS No t signific~~t 3~ t he 5~ rrobabil" ty l e7• l . 

* Prot-bi 1 i.:y , - .- + \ ... ,.. ,,.. - ) \,,. ~ "" 

** 
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I 

~s the firs t p ~rtJrition was i c :ayed by t he hot t rea tment ttc 

It. W;J..S tLou 0 :1 t t~at the mi ce Lhu t ·,:er0 ~ xpOGl:d t o th ._, :-,ot 

env ironDent s everal da y s a fter pa rturition , ~ay have ha d a betler cha nc e 

of eota blishing lacta tion and perhaps lac t ate b e tter than mice e xposed to 

the ho c environment prior to p a rturition . This would t he n be expressed 

as a ma t ern a l effe ct in t he six week body weights o f t he offspring . 

However , as is shown i n Table 6, t h i s did -not prove to be the c as e , fo r 

the a v erage body wei gh t s of the offspring r eared b~ , t he mothers that h a d 

been e xpose d to the heat a fter par turition were ac tually slightly l owe r. 

. ~ ... 
,, . 

~- . 



44 

t han the average body ~ei~hts o f o ~fs r rin~ re~red by mc thers ~xposed to 

t he hea~ wLen pre~nant . 

i n the 1io :. :..inc . 

, . ... inE: lit ter ed a t 2 1°c und Nerc l~en ex;o~ci t o t he hu t E:r.viror:.r.ient f ~ '.lr 

days aft e r p .... rturi t ion . 

1 . 

r,') ··•· .,., n , .. .... - o '-" .. ..... i..) 

B. 

, , ? c.t:tJ 3 

..,~ 
l , .. : 

t0 ..: t. L.: c t::.0.1 [0 1· 

r h c r e \\ ;.. ,:; v e r y :. ::. t, t:'.. ,:, ,.;, l f f e: · e u c c in t n <. r u t e o f l' es:::' on s e b c +; .v e "n 

the C: c- 1-.:. .:..nci. t-!ed iun: line3 where 11.:... ]..<!s inc e .... sei in wei.;h t .:... t abuu t . 93 .;ra::-: "' 

per generat ion and fema l es at about . 74 ~rams Fe r ~enera tion . The ho t 

env ironmen t had a marked e ffect on body we i gh t , depr ess i ng it by about tw o 

grams comp~red t o mice in t he Medium l ine . But a lthough sel ect i on starte d 

from a lower leve l in t he Hot line , this l ine ac t ually i n creased at a s light l y 

f as t e r r a t e tha n t he o ther t wo sel e c tion l i nes (1 . 2 grams p e r genera t ion fo r 

ma l ~s an d . 85 gr a ms per genera t ion for f emales ). How ever , abs olu t e body 

weights wer e higher in t he Medium a nd Cold lines thro ughout the e xperimen t 

a nd it was no t unti l the four th gener ation tha t t he Hot line body weigh t s 
.... 
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Figure 2 . 
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Figure 3. Hesponse to selection for si x week body weight . 
Mean of the sex means (weighted mean) plotted 
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e~ualled those of t he t~o contro l lin es . 

Control line body weibhts fluctuat ed but by the f our th 

gen~ra t ion had diverged ~rom their r espective selection lines . 

2 . ~election differenti als 

Response t o selection depe nds mainly on the se l ec tion pressure 

a pplied t o ea ch line a nd t h i s ca n be expressed in terms o f the ~elec t ion 

differen t ial ( see Ch~pter II , s ecti on 2 (1 ) ) . 

rhe s e le c t ion di ff e r ential s und the r esu:tin6 response arc slown 

cep~r atelJ f or ma le3 a nJ fe~ul es in f ables 7 and 8. 

In a ll lines the expec t ed ~nd ~c tua l s election di f~~ren tia l s 

( e xpr t:: s ssd in s t;_,nd<ir d ri eviatior. ,rni c,s ( <:r ,) o.re in good a bree rr:en t .-; hich 

i ndica t es th - t ttu d i ~ tribution of we i gh~G in uach line conforD f ~irly 

clos~ly to a normul diGtribution . 

':'he wc iJh t r-d ~, nd um1ei6h t ed s elc: tion differentials ( 0xr,rcssed 

in grams ) also ugrce r easonably so thot n3 t ura l select i on , acting ~ga i ns t 

art i fi cial se l ect ion , wa s of no i mport J nce i n ~ny o f the selec t ion lines 

in this e~periment . 

The t otal s e l e ction d~fferentiu l applied to the Medi um line wa s 

apou t t~o _gr~ms higher than in the Cold or Ho t lines . 
•. 

3. Realized heritabiliti es 

~ Y. fi tting. a r egression to t h~· ~eighted , cumula t ed selection 
.. ,1- • 

~ ·• ''T,.. . .... ' 

d iffereiiUaii s a nd .t h~ :.body _.;eight 
, .. :, . . .-: . - . . ; . r esponse _ ( s ho~n -~~ Table 7 a nd 8 ) 

~ 

es t-:i.ma.tes::: 01' the r eaJr~ze,d herita bilities may ..; p e obtained.. T.hese are 
,. ~-~~ .' t • i,# .. _ ' • • .. ... • ..... 

·shown- i~:la~le -9 and ;·t h e error va rian ce a boµ t _t qese regression • lines . 
'f_ ·-

..... 



T.nB:.E 7 

.... c t.u::i.l 

G ... . 1 ,_ .,." -- t :._ :, -.,. =-.. xpected IJ :1 w ~ i 0 14 t - J. . . • .i ~ -,t:ic;;u ... ,.:u. .. ~e.s ttOil ..;.i ~ 

..:c lL. c tion o.f - i:;4 6 
(J"" 1 

.., b 7 
7 • _.:.ne: ::,ffsrrini; ~ 

,/ 

~!~ d..:.. ~---' m ') 2.? . 2 

:v:~ 

•. ;) t 

1 -: . 1:::, o. '):::, 3 . 07 ; . 06 
2 1 . 29 1.1 P .-, . ~o 2. 87 
,: c . 9~ G. 91 ., ~a 1 . 94 .., - . - ./ 

4 1 . ?O 1 • .? ,'.; ; • 811 1. 96 
TcLl 4 . 60 4.29 10 . 00 ('l Q 7 

,,I . l....i .,) 

t-.:c~!: 1. 15 1 . 07 2. ,:;o 2 . 46 

0 
1 o.P:,, " "" ') .., r 2. ; 4 • ✓ · -✓✓ ,., 1 . 13 1 . C); A ,...,r 2 . 0,., ' . ,,, .,,,, 
7 ~ . 96 O. ;_::; .., - 7 1. 3') .., .. .., ;; 
I 
'1 .., • 1 '.; 1 . 0 1t ~. 70 1. 31 

f" i·. , 
... ..., t.,C...-.. 4 . C') nr 

./ . .,, - ,.., ,:( 
t • ✓ -.I 7. ;: 

• • 'l;...,._,:l 1 . C2 O. ')~ A \) ') 

I • .,. .,. 1 . 89 

J 
1 1 . c.::: 1 . 81 " n- , . 93 -· . .,, 
2 1. 13 1 . C9 1 . G:::, 1. 64 
")( 
,/ 1 . ,.,5 0 . 92 1 i. i::, .. ~ 1 . 24 
4 1 . 18 0 . 96 1 . ',<) '1 . 65 

Tctal 4 . 61 3. 98 7.55 7. 46 
Me:1n 1. 15 0 . 99 1 . 89 1 . 86 

1 . Calculated from the Table of ~cores for Ordinal Data 
(Fisher and Yates , 1948 , Table XX) . 

2 . ~e lection differential in gms 
Standard deviation for body weight 

21+. 25 
?.:::, . 01 
::> 5 .• :Y• 
26 . ; 8 

22 . .., ..,. . .., 
'1/• 7 -.... ~ . ././ ,.,~ ,,,,_ 
-✓ • I'-' 

2G . "1 
26 . 10 

10 ()7 
I.., . ....... 

?O . 13 
21 . 811 

22 . e '+ 
23 . 63 

3 . The deviation of the mean phenotypi c value of the individ uals 
selected as parents from the generation mean. 

4 . The selection differentials of the se:ected parents we ight ed 
according to the number o f offspring they produce . 



Female ~cl~ction differ~nti~l s and selection response 

,.ctual 

Ger,en, t:.on ..:..xpected Unweif;hted .'1eigh t ed £\esron:..e 
3 election of 1 2 i:; 3 g4 6 

line of L_pring ~ ~ 

1''...,Jium C 17. 53 

C.;lu 

Hot 

1 0 . 96 0. 89 1. 22 1. 2~ 
2 1. .., ~ 1. 10 2. 11 2 . 18 .., 
3 1. 05 1. ?2 2. 23 2. 30 
4 1. 18 1. 29 1. ;1 2 . 00 

rota: 4. 32 4. 50 7. 117 7.73 
.: ....... n 1.oe 1. 13 1. e7 1. 93 

" V 

1 .., ,1, 
t . ~,. 1. 1e 1. 87 1. 89 

".) 1. :?:; 1. 22 1. 91 1. 83 
3 0. 81 " P,r 'V • ...,, ✓ 1 . 06 1. 2? 
4 1. 20 1. ;1 1 • .33 1 . 30 

::u t..i. l 4 . :,0 1+. 36 6. 17 C.24 
?~ean 1 . 1 _?; 1 . 14 1 . 54 1. 56 

0 
1 : • o.:;. 0 . 96 1. 96 2 . 09 
2 1. 08 1. 02 1. 34 1. 33 
3 1. 13 0 . 69 o. ')2 1. 08 
4 1. 15 1. 01 1. 40 1. 42 

Total 4. 39 3 . 68 5. 62 5 . 92 
Mean 1. 10 0. 92 1. 40 1. 48 

1 . Calcul ated from the Table of Scores for Ordinal Data 
( Fisher and Yates , 1948 , Table XX) . 

2 . Selection differential in gms 
Standard deviation for body weight 

20 . 72 
21 . 42 
20. 59 
21. 26 

1S. 61 
19. 97 
?8 . ?2 
21. 60 
21 . 55 

16-34 
17. 36 
19. 01 
19. 08 
19. 75 

3. The deviation of t he mean phenotypic value of the individuals 
selected as paren ts from the generation mean . 

4. The sel ection differentials of the selected parents weight ed 
according to the number of offspring they produce. 
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ind:catcd by the s~andard error s . Val~es for m~les and females were 

calcul~ted separ atPly ana all but two of these were sicnificantly 

differ 0 nt from zero . In bo~L m~les and females re~li~ed heritabiliti~s 

were c;ro::tcr in the Hot ond '.;c;,d liPL::: tl1:...1 i.n t:.e ~:Ldium line , Ect 

li,ic val;ie...; beiri 
O 

.:;~·eater tl...tn in the 8ol-i line . 

en t iol. If 

i ~ oJ: i. 0".1 • .5 s}:;, .·.- :.r. ._ j l1 a 

It i...; ~lso ;03sible to teat if the Ji.ffer~nce between these 

re3lized he-itability estimates are si5nific3nt (Table 9a) . 

male and fem~le estimates separately no signifi can t diffe=ence ~as obtained . 

However , as the d i ffe r ences be t ween es t imates were similar i n both ~ales 

ana females t he estimates were pooled by combinin6 t he s exes ( Table 9b ) 

nnJ the F tes t was s i gnifi cant a t t he 5% leve l. 

Although pool i ng t he regression values i n t his manner does show 

a real diffe r ence be t ween l i nes in r esponse to sel ection , it should be noted 



'.:.' :d3L~ 9a 

Ana lysis o f diff e r enc~ s b e t ween the r e u lis e d h e rita bilities 

MAL .6S 
' .. -

" 

2 2 
Dev i a tions from regression 

S e lection Li n e d . f . ix 'i,X;f zy b d . f. Residua l M. S . ·•. 

Medium 4 60. 623 24 . 619 10. 490 • 41 3 . 492 ' 

Cold 4 34. 621 18. 846 11 . 772 . 54 3 1. 513 
, 

Ho t 4 32 . 599 21. 755 1 L1 • 927 • 67 2 . 408 · 
.V ithi n 9 . 2.413 0,. 268 
Re e; . Coeff . 2 1.;;14 -0 . 7rj7 . ,, 
Common 12 127. 843 65. 220 37. 189 . 51 11 3. 927 . .357 r' 

F = 2. 825(N;~ ) . . . 
~-' 

:i' 

FEMALES 
.. ; . 

Med ium 4 40 . 101 13. 377 10. 109 -33 3 5.647 ! -, .. 

!'.· ... 

Cold 4 24. 371 12. 043 6. 337 . 49 3 • 386 . 
!:' 

Hot 4 20. 608 12, L, 30 7, 940 . 60 2 . 442 .. 
Wi thin 9 6. 475 . 719 

Reg . Coe f f . 2 1. 072 . 536 . 
Common 12 85. 080 :37 . 850 24. 386 . 44 11 7. 547 • 686 

: 

F == C , 7 2 4 U! 3 ) 



TABLJ!: 9b 

Analysis of differences bet•~en r ealisea heritabilities with sexes pooled 

. 
Selection Line d.f. zx2 

Z xy z y 
2 

b d. f • Residual M.S. 
- . 

Medium 8 100.724 37. 996 20. 599 . 38 7 6.161 

Cold 8 .58 . 992 30.889 1b.109 • .52 7 2.047 

Hot 8 53.207 34.185 22. 867 . 64 1 0.989 

!h ithin 21 9.197 o.~,a 

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 5~) 
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tha t ttis does no t give a t~ue h Prita bi li ty va lu e for t he s exes combined . 

To ic t thi s the wei 0hted s elect i on differentia l of each ma t ed pa ir mus t 

bP plotted again.s t the me,n body weight response (the we i ght e d mean of 

thP sexPs ). Ho~e ver, a~ th e diffe~cnce between the response in the t hr ee 

selection lines i s th ~ main in te r c~ t i n t h i s expcri• ent , nd not t ~c mo3 t 

accur:, t e hcrit:ibi1 i t y es tima te , t hi s set m.s t:) be a v:tlid approa ch , 

I+ • 

~he c r ·1ph in Figu r e 4 s~ows th~t ,~ body wr i cht in ~reas ed in t ic 

t hr e e s elected lin~s thr tota l phenotypic va ri ~n ce de clined . Va r i·. !'lee w,s 

lo.ve r in t he Hot "1!:d Col d line-~ t h:...n :.n t '.~ c l''.cd i ..trr. line i.;.n til bener,, tior. 

C" .,, . Inbreeding 

thr _...; 

The ef f ective n~~ber of breeding inlivi duals (see Chapte r II , 

section E (.2 Y) ~-ho~n separa tely for mal ~s a nd females for all lines in 

Tabl e 10 ' ~ay b~ compared ~o the actual number , that i s f.)igh t . _Eight pa irs 

•. or mice were ~at ed i n all lines in-~ach generat ion , thu~ ,ivi?g a t 6 t a l 
.i .• 

ac_tual _numQ~_r' o f breedi1:g i~~i,-yidua'·ls ' per genera tion qf s i \~een. · In t he-
,.. ' :. ,· j ··, 

•, ·" • .ti 

' ' two control lines the ef f ective number of parents · in each ;generatt ion was 



h.t3LL 10 

Tabl e showinG the effective number of b~~0din~ (Ne) in e~cl generation 
and the rate o f incre; se in inbreedln~ ~F~ p~r b8n~raLion for a l l lines 

harmonic A f per 
.s f:.>3 

' Meun l'o La l Gener..1tion 
0 >.) 1 ..,2 ...,4 

Co l d 

Males 3. 30 3. 73 2 . 95 2. 67 5.1 0 3. 38 
6. 93 7 . 28,to 

Fema l es 4. 30 2. 67 4. 30 2. 95 4 • .50 :5 . 55 

Cold Con tro l 

Nal es 5. 10 4. 30 5. 10 4. 82 
10. 27 4. 8910 

Fema l es 4. 30 6. 22 6 . 22 5. 45 

Medi um 

Males 1. 14 3. 30 2 . 9.5 2 . 95 5.10 2. 44 
5. 66 8 . 87 ih 

Females 4. 30 3. 73 1. 70 4. 50 4 -30 3 . 22 
Coance.stry 3 . 42,,;., 

Con t r o l 

Males 4. 30 4.30 5. 10 5. 10 5. 10 4. 78 
10. 08 4. 99,o 

Females 4. 30 6. 22 ;;, . 10 6. 22 5 . 10 5. 30 

Ho t 

Mal es 2. 43 4. 30 2. 67 l+ . }0 3. 21 
7 . 21 6. 9510 

Fema l es 5. 30 5. 10 4. 30 3. 73 4 . 00 

(See Chap ter II , ~e ction L (2) for formul ~~ ~ nd metnoti of c,lc~latin 6 cte~e r esults) 

. 
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Firiure 5. Correlated respons e of six week tail length in 
males . 
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about t en ~tich r eGul t e d in a n i nbr e eding i ncrease of about ~ ; per 

genera tion . In t h e three se l ection : ~nes , on ~he other h un d , the 

e ffectiv e nu~tcr o f p ~r c ut s •~G le~s c ~c tfiu~n fiv e ~nd seven ) which 

h a r ~ 0 nic mea~s sho~ n i n ~ab le 1 ~ ~ u ~ t be ~~ci , ~er the ~c~e r a tion ~ 

Aith Lhe lo~ ~3 t e ~f e: ~ivu n ~rnb~ r o ! r ar~nts h&vc the mo~ t e ffe c t on 

~oc3 no t a~r~ct t he ~:~v io us i ~breediD6 i it x~r ~ly re~u c ~5 the ~xo unt 

( 1 ';60a) .• 0 ted 

C. CORREL~TLD RESPONJ~3 

1 • Tail length 

Mea~ t 3il l t n g th~ in each gener a t ion have been p lotted s t para t e ly 

for ma les and fema l es ( F igures 5 ~nd 6) . There has been a gradual i ncreas e 

in t a il l enJth in the Hot a nd Medium lines o ver the four generations o f 

se lection for body weight. The r a te o f increase was slightly higher in 

t he Hot line ( .19 ems a nd . 17 ems per g enera tion for males and fema l es 
' 

resp~ctively ) than in the Medium line ( .1 7 ems and . 10 ems per g e neration 

I• for males a~? femal es r espec tive ly) • . In the Cold a nd Cold Con trol lin es 
. ' . ..,. ... 
' ,.. . 
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- .. r---V o;., .., .....,. 

With ~udy N~ilht v~riu~ce tte cocff iciant 

o f varia t ion ~3S not used us Lhe variunce ~L~~a-sed as t he mean incr e~sed . 

~here there is a positive aJsocia tion betwEen tte mean a n d variance (as 

Falconer (1953) found ) the coef fic ients of varia tion can be i nform.:.ttiv e if 

us e d in associ a tion Nith the original da t a . F ibure 8 shows tha t t a il 

l ength variance i s greater in the Cold , Co ld Control and Hot lines than in 

the Medium or Control lines . Table 11 pres ents mean standard deviations 

for both body weight a nd tail length. 



Figure 7 . Total phenotypic variance of six week tail 
leng th plotted over all rnerations for all 
lines . 
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~igure 8. Coefficient of variation of six we ek tail 
len~th for all lines over all ~enerations, 
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Figure 9 . Male mean body weirht at threP weeks weqninr 
.vi:df!1t' . 
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TABLE 11 

Avera ge s t andard devia t ions wi thin genera tions 

(S t a ndar d devi~tionc ca lcu l a ted separ a tely f or each sex 
with i n 6en e r a t ion3 and sex mea ns a veraged 

o ve r a ll genc r a t ionz ) 

Ho t Medi um Control Co l d 

( ., c.igh t) 1. 72 1 . 89 1 . 73 1. 60 

( 1',, il l engt!l) o . 43 . 33 . 31 . 38 

: o l d 
Control 

2 . 15 

• 4 1 

_:1·; ~ ron r.:el'\l;,..:; 1 t ·.:: ::.. l 2n c t ... ·n r-i£.nc~ is hi.3h•~1· ir: t he extr e.::e e r. ·1 i r onme::. t E" 

(the excc~~i o~ beinc the body we ibtt v ~ri~lli~ E in t he Col d Contro l lin e wh~ct 

i ~ hi~hcr t ~~n i " 311 otte r lines ). 

3 . ,'. eanin6 we i gh t 

Fi 3ures 9 &n ~ 10 s how t h~ t w0,nin5 ~@ i gh t in creased in t he thr e e 

se! e ction lines over t he period of sel e c t ion f or s ix -week body wei~h t. In 

gPne r a tion S t he Hot a nd Cold line wea ning we i ght s were l o~ e r t ha i i n t he 
0 

~edium or Control lines and the Ho t line wean ing weights rem~ii~d ·depressed 

compar ed t o the other t wo selection -lines,~ Col ~ iine wean i ng weigh t ; 

~ncr_eased' up ,to ge ne~ation s
3 

_a t ,whi~h --~ t-a g e t her e .wa s a sha r p decl'ine , 
• , .• ::.It. 

the rea son · f or t hi ~ decline .:·p-e:i,ng imkno\l{n . 
. ., 

·"' 

., . .-. 

The Co~:trol line !~an~ng weD1ihts. -"'.ere'· '.3-b9ut equal t o those in 
.:- • • • • ....... '.,I t, .. _-',..' . 

-:. .. , ~ '. • .. • 
th'8' Me-dfi{m _1,ine un-til gener,a t~c:m s4 < _i.t --~hich sta~e a divergence betw~en, :.· ~ i 

, . 



~i~ure 10 . ~Pmal~ me3n body w~ifhts at three weeks '~ecning 
W"'i _:: nt\ . 
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fABL~ 12 

Means and yariances f or body wei~ht and ether extra ct (fat) from the six 
• ales and femdles sampl ed from all lines for f a t analysis 

Carcass 
Live Carcass weight Dry Dry 

Linea , · weight weight variance ·«eight non-fat Fat Fat .'• 

MAL.I:,.; 

Bot · 24.55 21.84 3. 61 7.72 5. 251 2. 469 11. 3 
Mediu• 25.13 22. 02 1.94 7.41 .5. 666 1.744 7. 9 
Control 25.83 21 .49 1.02 7. 16 5. 576 1 • .584 ?.4 
Cold Control 23. 55 19.7.5 3. ts8 6. 41 4. 979 1.431 7.2 
Co1d 25.17 21.29 0. 69 7. 24 5. 400 1.840 8.6 

}' .t.M AL .t.S 

Bot . . 19.47 17 • .55 1.66 6. 47 4. 121 2. 349 13.4 
Media 20.80 18.36 1.09 6. ,58 4. 710 1.870 10. 2 
Control 19.55 16.62 2. 10 5. 56 1+. 282 1.278 7.7 
Cold Control , 18.85 15. 60 1.59 5. 34 4. 008 1. 332 8.5 
Cold.- 21.28 17.91 1.82 6.18 4.428 1.752 9.8 

• Fat extract in gms 
All wei ghts in grams 

.,_., .• Carcase weight in gms 

Fat 
variance 

. 66 

. 29 

. 031 

. 21 

. 084 

. 67 

. 20 

. 066 

.084 

.15 
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fro:a e:..tch :in~ . 

tr.ere ic :nor(; fi..lt .:.n "lie-- fro:n the .10t l in-. ti,-.i Lhe o ther t ,\o -~::.."c~.:. ,rn 

: in -. 3 tl:a:. 

J..., ....... .... ..... r . ..... - --· ..J .1. !. 

- ! ... \.. l' ,_ ·'• 

rresen:.t...d . 

L t I, 
... i. ;,,,.. 

Iu tl.e 

lines but there 11;.,.,s no s ibnifi cunt diff~rt.nce ii·. ::.,.t extract betweE:n the 

four other lines . In the fema les the difference be tw een the fat extrac t 

in the Hot and Medium lines nas not significant but the Hot line was 

s ignificantly fatter t han the other three linas while the Medium line 

was not . 

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 



Hot r✓.edium 

MrtLES 

d . f . 5 5 

. 36 + . 11 • . 087 ~ . 18 -

FEMALES 

. 15 + . 3 1 . 17 + . 19 - -

MALES AND FEMALES POOLED 

d . f . 11 11 

. 296 + . 13• .12 ! . 12 -

TABLE 13 

Ana lys i s of vari ance between a l l l ines f or fat extra cted from t he carcass 

d . f . 

Between 4 

7/it hin 25 

F 

Males 

0 . 977 

0 . 249 

3 . 92 • 

Mean Squares 

Females 

1 . 148 

0 . 234 

4 . 91• • 

Hot Col d Medium Contr ol Col d Control Hot Medi um Cold Cold Contr ol Contr ol 

Analysis of covariance of fat extract adjusted for carcass weight 

Residual Mean S9.uares 
Re~ression Coefficients 

Difference 
Cold Pooled between Adjusted 

Control Control Cold .'ii thin Rei;ression kegre ssions •\ithin Means 

5 5 5 25 20 4 24 4 

- 0 . 008 + . 08 . 063 + . 11 . 13 + . 16 . 16 + . 06• 0 . 183 0 . 281(NS) 0 . 199 0 . 679• - - - -

- 0 . 047 + . 09 . 11 + . 10 . 25 + . 08• . 12 + . 07 0 . 241 0 .1 16( NS) 0 .22 0 . 726• - - - -

11 11 11 55 50 4 54 4 

- 0 . 035 ! . 06 . 077 ! . 07 . 2 14 + . 07• . 14 + . o4•• 0 .18 0 . 277(NS) 0 . 187 1 . 994• • - -

Ad j usted Means 

Cold 
Hot Cold Medium Control Control 

2 . 358 1 . 824 1 . 625 1 . 679 1 . 550 

2 . 3 10 1 . 670 1 . 735 1 . 520 1 . 209 
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ad justed fo r carcas s weigh t is presente d . Carcass we i 6h t i s t he live 

we ight mi nuc the gut content , t he whole c a rcas s (head , pelt a n~ carcass) 

t h~n be i ng ext racte d f o r f at . 

CnlJ t wo o f t ~e r ~~re~3ion coL:' :'icientG presented in Ta ble 13 

we r e s ignificun t ly d ifferen t f rom z ero a nd a lthough the re~ression 

coefficients ~ere ~ighe r in tte : o ld and 3ot l ines there w~s nc s ignifican t 

J if ference bet"een reiresa io~s i n e ither m~les o r females . For botr. :-:.ales 

~nti f c~3l~s there N~J 3 Si £nifi c~n l difference b~ twccn ad jus ted means . 

The :,,i j us t ~d rr.cc.:.n.3 .:..re pre~1;;;nted :.rnd : he runkjn:::;s a:-c the Siime a.a :or the 

unad ~us t ed meo.n , :n b o th m~l es ~nd fe ~a lc3 t h e not lin ~ i~ s ~bnif ica ~tly 

., l1ea males c.1.n:i :e: .. :..:. :.'.. u:::; ·H,:-e po:, l ccl :,.id :hen covar ian,.;e c1nalysi.; 

.io t lin<:s ,;(."."·e si ,_;:iifi-:;aLlly d i.:'f<1rent f!·o.:: z er ~ ~·hile thos e in othLr 

three lin ec w~: ·e ~o t . :'her..: i G ncl'/ a hi t=;i:2.y s igni fic :.i.u t diffe r ence 

b0 t ween ad ~us t ed me~ns . 

The va l ues f o r dry non-fa t c xtr~ct s hoNn in Table 12 illustra t e s 

t he f a ct tha t the Ho t line mi ce l a i d down more f a t a t t he expe n s e o f 

pro t ein deposition compa red t o the o t he r t wo s electi _on . l ines ( Dry non-fa t 

will a l so conta in s kelet a l ma terial , but as t his will .be f a irly consta n t 

t his value gi ves a n approxima t e · es timate of c a rcass protein) . 

Also shown in Ta ble 12 are f at percentages (fa t a s a percenta ge 
-

o f car cass weig~t) which a l so show·s · that i n these t erms : t he H~t -line was 

fatter~ t han a l l othe r l i nes while the two selected 1\fies were s_l i gh tly 

'. 

. . . 
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fatt e r than t heir respecti ve control lines . The covariance a nalysis in 

Tabl e 13 in as s ociation with these f a t per centages illus tra t es very well 

t he care thu t ~us t be t aken in presen t a tion o f percen t ages a lone and 

a noma l ies th~t migh t a ris ~ by m8kinc interpr eta tions fr om percen t age s . 

Ttu::; al t ho~gh thc 3e perce~ta bes lo in t his c~sc stow t he s enera l picture 

they d o not rev c.::-1 the l o n r e l .'3. tionship be t wee n fa t exb·act 1 .. n!d car '.":ass 

we i bbt i n the ~ed i um , Cont ro l and Co l d Con~rol linas co~pared to the 

~ignificant =els tionship in t he Ho t and Cold lines ( r ~bl~ 13 - Re ~ression 

coc f fici...-n t s ) . 

4. Fer ti li t:z 
S ') t..11 t!: e s ~ l -~cti :, n "1 :'" _-- li ·:·.1 to t :lc l:::i.c s :;. r d ~h e t e mpc r a ~~1re i -:1 

c~an~~2 i!1 litte r s ize a nc t ~i::; dn t a i s plo tt _j ~or a ll lin e~ in ~~g~r c 11. 

~tc l ~r gc flu ct~a tionc in l i ttLr s ize in Qll lin~s m~kc the i ntcrprc t ~tion 

o f !;i:::_r; c:a b i ifficu :.. t. 

::; :10·: n i !l Fi.;ure 11 tl:c i·ecn ,::s i on coeffi cie!1t3 1:'2-:: c .1 5 ,t 0 . 23 ir. th'c! Eo t 

line , . 29 ,t .18 in the Medium lin~ , - 0 .135 ~ , 16 in the Cold line and 

- 0 . 15 ~ 0 . 3 5 in the Control l i ne . None of these regression coe ff icients 

were siGnifi cant . 

I t i s a lso ·or interes t to look. a t possib l e temp~r a ture e ff e c ts 

o-d. var ious asp e c't s of f"er tili ty a nd thi~ i s . done in Table 11+ ' by a v~ragi.ng 

f~r t ili ty data · over ali generations . . . 
'Where appr opriate s ~_andard e-r:rors 

have been ca lcul a t e d £ or the mea ns , ~nd, this ·prov ~d es a measure of the -. ~-



TABLE 14 

Fertility data averaged over all generations 

Medium 
(21°C) 

Control 
(21°c) 

Cold 
< 7°c) 

Cold Control 
(7oC) 

Hot 
(31 °c) 

Average 
Litter Size 11 First Litter-

7.81 + 0 .32 -

7 .75 + 0 .28 

7.13 : 0 .26 

7.38 + 0 . 38 

7 .73: 0.31 

Average 
Average Litter Size 
Second for both 

Litter Size Litters 

8 .15 + o .48 7 . 95 + 0.27 - -

8 .06 + 0 . 52 7 . 87 + 0.26 

7 .22 : 0 .36 7 .1 7 + 0.21 

7 .50 + 0. 58 

6.80 + o .43 7.33 + 0 .26 

1 • 

2. 

All litter sizes live plus dead mice born. 

Number of mice dying between birth and weaning . 

Total number of mice born (live+ dead) 

3 . Number of mice dying between weaning and six weeks. 

Total number of mice born (live+ dead) 

Average Average Average 
Interval Interval Average Average Total 41 

between Mating between Pre -weanin' Post - weani/g Mortality-
& First Litters Parturitions Mortality~ Mortalityl. (0-6 weeks) 

(Days) (Days) 

23 . 83 :!: 1 . 06 33 . 12 : 1. 78 3 .74% 1.38% 5 .1 2% 

22 . 83 + 0 . 50 30 .39 + 1. 84 3.26% 1 . 16% 4.42% 

27 .04 + 1.1 0 32 .72: 1 .67 9 . 60'}& 2 .48% 12.08% 

25 . 47 + 1.17 37.43 + 2 .01 5 . 80"/4 11 .1 00/4 

30.72 + 1.77 42.39 + 2 .21 8.66% 1 .68% 

4 . Number of mice dying between birth and six weeks . 

Total number of mice born (live+ dead) 

5. Number of infertile matings. 

Total number of pairs mated 

Infertili 
Matings.2 

0% 

4% 

3 -5% 
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of thc .:;c vario 1..;.s chara c i:. c r s i n line . 

Firs t lit t~r f·i =cs wer e a bo Jt u ~~a l i n t h~ ilo t , Mc~i~~ a n l 

: n ..:.11 

: 0 :.. :.1 1 :i t L_:::· 6 i ~ e ( n:e :.. r. o ~ !..: .. c .:' i r.~!:. ~11C. __ __ c .. r~j litLcr~ ) .,· , .. s 

. ,. . .. . 
- . ...,_ ...... u "" 

.J.bo ut 

. .... r r .- .,.., ...; """ 
V .._ 4 ...._ ,t' • ..i.. .i. .. c., bo !":;. 1 

.., f' -"\' . -

~ J . ' . ~ . • ..... .... .... , , .... c.. .,,l .: i ... ..., w 

t. .:--~- .... . 

~ bc. J.t 2 1 J. 

p~ o ~~ c i~~ t ~~i r f ir~ t 

En~iron~.ent , t ook lancer t o ~r o l uc e the i r first litter s . .S i mi l a rly 

sec ~nd lit t er s were produc ed l a t e r in the two e x t reme en~ir onments . 

The fina l number of mi ce avail abl e a t six weeks of ·age with which 

to ca rry out ~election o~ , i s a function both of t he original number of mice 

born and the number dying before s ix weeks o f age . Total , pre -weaning and 

pos t-weaning mo~t ality per cen t ages a re shown i n Tabl e '14. 
; ... -,-.• 

Total mortali ty 

wa s a bout 5% in the standarct environment_, but about twice this (1 0 -1 2%) in·· 

the l;i.nes' in th.e t ·wo extrem·e envi'ronments . 

,~ \· ·,;, 

. -
The fluc t Ua tions · in mortal i t ~ . 

'7 ., - ~:·,, .;..' 
, ;r,,•!' 

~: 
,· 

,. .. 
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from bener~tion to ~ener~tion are shown i n Fibure 12 . In all lines but 

t:ie ..::old 8onc.rol l ine pre-weaning morta.lity ,/, ;S hiuher thcan post- wt?a!1ing 

t,.ortuli ty. 

rne st~na~ra errors (or the vari~nce) of t:iese fertility 

characters mibnt ~~ expecteu to vury in the a i ffecent t0~~cratu re environ-

rnents . ho~ever , stancidr~ errors are very Siiliilar in all lines for each 

fert~lity charucter ,nd no effect of te~p~rdture on vuri~nce C3n be seen 

.v . 

is tne lust 5 ener~t~on ¼t~ch is prerentcd in ttis thc3is . l.!ie me,ns u.nJ 

vari~nc~s of body Nei~ht and tail lenJth at thr ee and six weeks of ~be a r e 

presented separately for males ana femal8s in T~bles 15a a.nu 15b. Rny 

differenc~s between lines reveuled OJ tnese analyses must of course be 

interpreted in association with the graphs of response with time already 

presented . 

Beca use the experimental design was not orthogonal (that i s 

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

carried out between the three selection lines and t hen between the selec ted 

..... 

.. 
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? . 60 
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10. 24 

1. 542 

30 

?6. 10 

2 , 450 

30 

4. 85 

0 . 052 

30 

6 . 0 1 

0 . 077 

Co l d Contr ol 

31 

9 . 74 

3 . 957 

29 

23. 57 

9. 397 

31 

4. 90 
0 . 2 10 

29 

5. 76 
0 . 268 
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·r 1.fH,h 16 

Results of the analyses of varia n ce carried out a t the fourth generu tion 
for all charactt rs in the three s e lection lines 

~. If Six weeK. boay ..>ix we ek tail rhre e 'Meek boay ·rhr~e t1eek tail 
., d. t . Wt:ight l t:ngth Yreight len~th 

.. - , . 

Hales 

Between lines 2 6.3.408·· 69. 321•• 40.125•• .32.497•• 

~ithin lines 77 2.399 0.111 2. 005 0. 126 

~ Cold= .Meo.ium Hot 1-'aedium heuium Hot Hot= Medium 
- . •. hot Gold Cold Cold 

. .. 
.. 

,. ' .. 
' i,emales 

0 Between lines 2 23. 941 .. 45.194•• 30 • .,58•• 21 . 27 .. 

1 , Ii thin line• 78 2. 1+95 u.117 1. 708 0.172 
. 

. ' Cold = Medium/ Hot) Medium ) Medium 7 Hot = lio t = Medium ) 
riot Cold Cold Cold 

' 



and control lines in the st~ndard and co lu environments su as to test 

for interaction oetween t ne control a n d selected l ines in these environ-

ments . 

1 . Hn3lyscs of Vdriance between tne three selecte~ lin~s 

lhe results of tuese an~lyses ~re presented in 1cble 16. For 

botn body wei~h t and tail len~th at :nree ~nd s ix weeks of age there ~as 

a :.it;;hly sii:;nific---n t ui fference betl',een the three lines in both males 

anc.i fem:;;.lcs . 

,,l.so sho.•. n in Eable 1b are the rar.Kin~s of the means for the 

,.ot line six ::€e;,; br,dJ 1«.:ir;:: ts .•,ere lo.,er tn: n 1.ecti.ur. or _;o l d 

ho: lin"· six ,VEe":::K ta.:.l. lcn 0,t..1!:: .:ere t,i::.,:1er tt,·o:t in t-he 1·.edi~m 

line ,,nct t·1 \ l l1n
0

t:ts in cotb ti, (.. Se 1 in ,. s 'llt;~•e Li6her thar: tl1e Go~u line 

t.:t.:..l len"-'Lns . 

h,, l e ,:rno fem""le .YectninL ,1 ei0 ll ts :;e-:-c r<.1nked in tl.e swhe order 

(t,iedium ) riot ) Colu ) but in the fema l e.:3 t :.e Jif'.:erence bet.\een ti0t ·,nd 

Cold l ine va lues was not significbn~ . rhese heaning ¼e iuht runkings 

did not hold in the previous three generations ( Fi 6ures 9 and 10) where 

the Cold line values were about e~ual to those in the Me dium line . 

Mean three week tail lengths were r anked in the same order as 

at six weeks (Hot ) t-",edium) Cold) but the difference between the Ho t and 

Medium line values was not s i gnificant at tuis age . 
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~eighted 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 l:iquares 

Selection Lines Control Lines 

Variable I KediWD Cold Medium Cold Intera ction ifithin Treatments Lines 

Kalee 

d.t. 24 29 21 28 1 102 1 1 

Six week bod7 26. 576 26. 96 23. 123 23.566 6. 922(NS) 4 . 14 .1988(NS) 229. 04 .. weight (gms) 

Six week tail 8 . 38 6 . 01 7 . 60 5 . 76 1. 82•• 0 .131 l ength (cas) 

'lhree week body 12. 85 10. 24 10 . 83 9. 97 19. 98•• 2.04 weight (pa) 

Three week tail 6. 62 4 . 85 6 . 01 4 . 93 3 . 11• • 0 . 104 length (aaa) 

Females 

d .f. 32 21 :,1 24 1 108 1 1 

Six week boci1 21 . 26 21 . 55 19. 18 19. 95 1.055(N1:i) 2 . 005 0 . 885 91 . 88• • weight (gas) 

Six week tail 8 . 03 5. 97 7 .47 5 . 90 1. 64•• 0 . 125 length (ems) 

Three •••k boc!y 11 . ~3 10. 16 10. 33 10 . 26 19. 847 .. 1.501 weight (guas) 

Three week tail 6 . 45 4 . 91 6 . 01 5. 07 2 .'+58•• 0 . 135 length ( caa) 
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2 . An a l yses of v a riance between t he c ontro l a nd the sele cted lines 

As there were t wo lin es (a selectea a nd a control) in the 

standard a nd cold environ ments , d ifferences between t h ese mea ns were 

analysed factoria l ly in a 2 x 2 table . 3e ca use of une ven subclass 

numbers a we i 6ht e d mea ns analysis was c a rried out ( 0 n edecor 1956) . 

Thi s ana lysis gives an in ter ac tion t e rm be t ween l ines a n d environments . 

AS S n ede cor (1 956) no tes " the existe nce and i nt e rpr e t a tion of an i nter­

a c t i o n usually encts the i n vestiga tion ." 

l he means and mean squar~s for these analyses are shown in 

l'abl e 17. Jner e ther e i s a s i bnific n nt inter a ction term , mean squa r es 

for trea t men t s ~n d lin es a re not s h own as t he int e rac t i o n i s t h e n t he 

mu in inte rpretat i o n o f i n teres t . 

io r s i x week ooay ~eigh t there was n o in ter a c tion fo r either 

ma les or fer.;:e.les and u s i gn i fic :.:.n t di f feren c e b e tw een l ines bu t not 

trea tmen t s . 

l :1 t He o t he:r t hr e e charac t e r s t11ere .. :as a h i.:;n l y sign i f i can t 

inter a c tion t e rm . 

For both s ix a nd t hree week t ail l e n ~ ths t h i s c a n be inte r ­

pr e t ed by looking a t the means wnich revea l s tha t ther e i s a s i gn i f ican t 

d i fferen ce b e tNeen t he mea n t a il leng ths in t he Medium and Control lines 

but not between the Cold and Co ld Control l ines. 

seen in F i gures 5 a n d 6. 

This can also be 

Mean three we e k weights show a s imila r inte r a ction,' the re being 

a l arger difference be t~een the line s in the standdrd environment than 

in the cold environment . 
,, 

Again this is the s itua tion only in this 
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,\esults of cov ri· nee an-lyses between different cnaro,;ters in t .. e three selection lines at t he fourth Generation 

.~esiu.u·.1 .... !'11::,.lil ~ :l U~I' C:S 

r<e ~ressicn Coefficien~s 
Difference 

V:iriuble J\.Q '-'-- tr:J : '--~ns 
bet,·:een 

Hot I'.edium Cold Fooled regression i'ii thin .,djusted 
y X b + ~ . e . b + s . e . b + s . e . re e;r .:ssion co1fficients l i nes means f:o t Medium Cold 

yx - yx - yx -

.•.• .L.-i:.J 

u. • I • 24 24 29 ?'-+ -. 76 .., 
t:.. t:.. 

...J:x _,, __ ek .,ix eek . 19 . 026 .. . 012 . 0✓ 1<r~.;.;) . 079 . Oj1* . 072 • 4 61** . 082 66 . 293'"'"' 9. 19 ,; -.,I" 5. 93 t. _;_1 lcau th ·1-=.;.;:,nt + + + '- • t.:O 
C,<);,J.;j -

..iix J. -;;:C:;.r .. J..ur. ~ ..~ t;,. '=' 1< ... . Ti . ~9o* * 
,) .., ,. 0C • • . 82 • 17* * • C>-tJc.. . v1245U,v) • •J394 2. • .:1")J:3** d . 42 7 . 91 6 . d9 t...:..: l..:n:....,tL. t ~il 1-:Ll.,tl • ::. . ~- + • .J ;1\.J + 

...J ~x ·xc.i... k ..'.nrec .,'Jek Q • • 16*. ..... 1, . 1e(N~) . 78 • 19* * 1 . S-4J4 10. 9.539** 1. 78d 57 . 17*" 23. 83 2.1 . 74 26 . 69 
'II(: i url t boJy llt:ic.,ht 

ov) + • ·v_ + + 
~O~ty 

_n1·e e ·:.'t;: t k ~h!"'~...: lo 'Ce~ . :8 . 091 ** . 1;., • :>;6* * . 1G . ~29* • . o.J::7 . ~953u . 06:I,. :1 . ;74.3•· u, 81 r 7" _; . 04 
:..:-il .len 0 th Ov.:.:.J .. _..:..__,nt + + + 0 • .,10 

~ _t-•.• l.~.::i 

;:i. . f. 25 3? 21 75 2 77 
., 
c.. 

v-:..X weE;k .;;ix week . 19 . 03y • . 01.18 . 026•* . 043 . 047(N.3) . 077 . 085 45 . 11+6** 8. 73 7-98 5. 89 
b il len 0 th body weibh t + + + ..371* 

.... ix week Three week • 60 . 086** • 57 • 11 * * . 92 . 18• .. . 0485 . 0768(NS ) . 0493 4. 125** 8. 26 7. 80 6. 72 
tai l l e n 6 th t a il length + + + 

.3ix week •rhree week . 69 . 18•• . 73 • 19• * . 76 . 23** 1. 670 . 0967(NS) 1. 63 21 . 804• * 20. 28 20 . 50 22 . 17 
body we i ght body weight + + + 

1'hr ee week Three v,eek . 36 • 095•• . 14 . 041 ** . 15 • 036* • . 0567 • 7746* • . 0754 17. 8161 •• 6. 80 6. 20 5. 11 
tail length body weight + + + 

-

' 



particul&r 6 ener a t ion and tne relative differences betwee n mea ns in the 

t~o e nvironme nts wns ac t udlly r e versed in the tnird ~enerution (Fi6 ures 

9 and 10) . 

3. Cov~riance Jnalys~s 

rlS w~s observed in fa ble 16 there nerc s i gn i f ic&nt differences 

between t11e thrt:e selection l ines ior all .:our cnar ... cters . :i: t i s thus 

iertinen t to 1ueF tion whe ther differences b t six ~e~Ks were due to 

ui1f0rer.c(:s :; lre.-'-'~Y c,;tubl i.;hec:. :1t Lnree ·,,·e.:~1, or wnetncr tnen~ l<re still 

oi :·fE·r-cnces in tail lt:n__,t.,s cetween line;;, ,,!.en uuJ u0 t c ct t o the overall 

me~ns luJju,~cJ to the total rnc3r. of X c~ ~r.~ ~itcin ~ubcla~s r~~re3sion 

coeffic:cnts) is t.,,~,-o ::in the c:.s .. ,u;~11 ,:,ion of ~ .. 1rc-1ll.~l r;;t_;ress ion line,:.; :n 

t.1e diff.:nnt :;o;ul·.-:ions . :n ~uole 1H tne re6rcssion coefficiunc3 ·nd 

st-,.n d::ir.:: errors are pre-..,8..'i tea within ea ci, line ( J. i tr. 1,robabi:i ty Vu lues 

t1.:-5tinc; thcs,1 re[_,re:.,sion coefficients ·1i_:e.in:;:, zero) anr1 t!len a des i uual 

mean s 1u:,. re c,.;lcula tea for t:ie di f f ei·.:::t:c: oc t,•,eer. r (= Lression :;ceff icien ts • 

.. h e n the r e gress ion co'-ffici ents a re s ignific~ntly a i fferent this could 

~no tne analysis and Cdre must be t uken in tnc subse~uen t interpret~ tion 

of the d ifference between ,1d justed means . Values for a~ justea m8ans a re 

also presented in Tabl e 18 and these may be compar ed wit h the ac tua l 

means presented in Tables 15a ana 15b . 

Cova riance of six week tail lenGth ad jus t ed for six week body 

weight showed that there was a s ignificant a ifference between re~ressions 
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i n both ma les a nd f emales . rhe Hot l ine r egression co efficients we r e 

h i Ghe r t han t hos e i n the Cold or Medium lines . 

Although there i s a signif i ca nt difference oetw een regression 

coe ffic ients , t hes e d i f ferences are not l a r ge , a nd it i s concluded tha t 

t ne h i ghly significan t di fference between a djus ted tail l e ~bt h menns i s 

a r ea l d ifference . Thi s ca n also be seen fr om the va lues for t he 

&d~us t e d means which a r e presented . 

A simila r inte r pr eta tion can be app l i ed to three week t a il 

lengths aajusted fo r thr ee week body wei5ht . 6o t line r etr ess i on 

coeffic i ent s a re s til l hi6h er t:1a n t hose in the Cold or f.ie dium l ines 

a:1d a l l r egression values betwe <.Jn body ·,,,ei,;li t ano. t ail len;:; ti1 v1e r e 

h i ~ter a t t hree wee ~s tna n s ix weeks . ·.:'he ad.:; ua, t ed ffi b.l. l , S for :hree 

week tu.::.. l l enc:; t n 'J re now all 3i t;nHic,.:nt l y d i i' f eren t ( Hot) Led i um) Cold ) 

whereas the dif f erence bet~een tne origin~ l ilot a nd ~ed i um lines means 

wa s not signi f icant • 

.:;ova r i a nce of six w•~tJ!{ t oil len c:;tll c.tdjus ted for three week 

tail len 0 th needs no interpr e tation , t here be ing no s i gnifica nt di f fe rence 

between r eLr css ions a nd a h i gh ly s i gni fica n t Jif f erence between adjus t ed 

means in both ma les a nd females . Di fferen ces between the thr ee adjus t ed 

mean t ai l len g ths were r edu ced compa ~ed t o the original diffe r ences , but 

a l l di ffe r ences were still s i gnifican t. 

When . fema ie six week body we i ghts were a djus t e d for three week 

bo_dy we i ghts t~er e was no difference between r egressions but a s i gni fican t 

differenc e be tween adj us ted means . Ad j us t ed mean va lues were s till 

r a nke<;l in t he same ord~r (Cold / Medium) Hot) but "there was now a significa nt 'i 
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differenc e bet~een the Cold and Medium line s but the di f ference between 

t he ~edium and Hot lines was not significant . This means that the 

adj usted gain in wei6 ht between ~c&ning a nd six weeks was grea t er i n 

t he Cold line t han in t he other t wo lines in t hi s genera t ion . Thi s 

cova riance analysis i R e~uivalent to adjus ting Ne i ght bains for t he 

initict l weigh t (Cockrem 1956) . 

Covariance of ma le s i x ~e e k body we i ~h t adj us ted for thre e 

week ,i.reignt is comp l i ca t ed oy a small non- sig1iifica nt re gress ion 

coefficient in the I1edium line . It seems QS t huugh t nis rela tionship 

is peculia r t o this ~en e r ation , a nd as t he fe~ctles ~ere no t affec ted it 

i s probably not~ litter s i ze effe ct . rhe s~~e regreLls i on coefficien t 

(that i s between s ix ~nd three wee~ weight) ha d a value of 0. 35 i n t he 

Contro::i. lin e in the s;:,.i .. e gener ation ::h ilc- t,, i .,, r ebre.s:; i on for t he 

J,,ectium lin e: in the .:i
0 

genercJ.tion wca s 1 . 08 an <.i. in t he base population 

0 . 52 . 'i.'he rea;;;on for Lhis low re6ress ion in t t.e four t h 6ene r a tioll is 

not clea r but HS t~e r e~r es3ion vHlues in the Eat an~ ~o ld lines N~re 

ve ry s i :uiL,r tile ;_,d j u...; t e d means analys i s has s till been p r esented . .i'.s 

i n Lhe fe m.:,.les i t ;us fo.And t:1a t the Cold lin e :10.S a ni __;her 0 ain fror.. 

thr ee to s ix weeks ',\ aen adjus t ed to. t he ov er;,. l l file':ln weanin6 we ~6ht . 

4. Phenotypic . body we ight - tail length relations hips 

The -phenotypic rela tionshi ps . be tween body ~eight a nd ~a il 
: ·. •i .. 

l ~ngt h over the period of t his e~periment a r e shown , in Figure 13 • 

M~ans_ for s i .x week .. body weight a nd t~ail length ( male ~nd fema le _means 
' 

. ' -

!· .£,: : 
ayeraffied) nave been plot t ed for a ll lirtes and regress~on coefficients 

_·.fJ, t te.d to t)lese points . 

•.;. f 
Whi,l~ 1-.:body weigli"t has .',i5e en i~creased by sel -ectipn in the Col ~ ,.;·.•,\ 

; : '"I 
.. . . ·i;. .. 
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line t here has been no corre lated increase in tail length. Tail length 

increbse per unit body weight increase was slightlJ g rea ter in the Ho t 

line than in the Medium line , oo t h of these r e~ression coefficients being 

si5nificc.ntly aifferent fro1J zero . £he Control line body weibhts 

fluctu~teJ over t1e course of tne ~xperiment and t~il len~ths chan 6 ed 

concurrently but th e re~ression coeffici~nt was not significant . rhe 

re~ression for the Cola ~ontrol line w~s ~lso not sibnificant , but only 

t.nree :,ioints ,:ere s,v::,,il·,ble to fit tr.is re"_,rc3sio~ , c:,s ti1is line was 

e~t~oliGhed tnJ buner~tions ~rter tte other linus. 

~sis shown in fable 16 the ph=no t y~ ic rebressions of tail 

len~th en ~oay 3ei 0 nt in the fourtl: 6ener~tion are verJ small in the 

1'1ec:iu.1:.1 ::rnd ..::old lines (;il;ou t 0 , 05) , . .11 sliu:1t_y b.re:;er in the ~1ot line 

(0 . 19) . 

linL v ... lues . 

len0 tr. 1,"1otea oy F\,lco'10, (1954) 0re betv.cen 0 . 4 <-'n:i. 0. 5. If t,ne 

ret.,I't' .:.•.c" :..c,n.s .s:10~1:1 in r:.bl€: 16 3.re expressed as cori·ela tions it is found 

tu c1 t t1 ,e ,;q,proxim,. t:e v ,:;_ues :;re : -

Males 

Females 

riot 

o. 8 

0. 74 

Medium 

0 . 048 

0 . 52 

Cold 

o . 44 

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 i t is then found to 

be about 0 . 1. rhis low value was probably peculiar to this particular 



TABLJ!. 19 

Genetic correlations between body weight and tail l ength 
ca lculated from the response and correlated 

response to selection 

hot line 

Medium line 

Col d line 

Males 

0. 73 

0.75 

-0.03 

Females 

0 .41 

0 .081 

Genetic correla tions ca lculated by t he formula 
pr esented by Falconer (1954) 

rG = Correla ted respons e of t ail length 

Response of body •eight 

~tandard deviation of body • eight 

S tandard deviation of tail length 

X 
h2 of body weight 

b2 of tail length 
X 
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ge ne r a tion as it .did not o ccur i n the base popula tion or t he S generation 
0 

wher e t he phenotypic corre l a t ions wer e 0 . 68 a nd 0. 58 r espec tive ly . 

5. Ge ne t ic correlations be t wee n body we igh t a na t a il l ength 

r hes e have been ca lcula t ed fro m t he r e s ponse a nd corr e l a t e d 

respons e of body we i gh t a nd t a i l l en g t h in the three s ele c tion lines a s 

uiscus s ed by Fa l coner (1 954) ~nd ,are p r es en t ed i n Ta bl e 19 . The r es pons e 

~nci cor rela t ed resfons c over the f our g eneru tio ns 0 f se l e c t i on wer e f ound 

by fit t i ng a r c6r e5s i on t o t he appr opri u te boJy we i~hts a nd t a i l l engths 

plo tted a ga ins t ~enera tio n number (Figur es 1 , 2 , 5 and 6) a nu the heri ta -

bi l it i es a~ci s t a nuur d dev iat i ons for e0 ch l ine Ner e also a va ila b l e . 

Ho wev e r a re~li~ed h~r i t ubility f or t ~il len~th was no t a va i lable fro m 

t 1,i s e x9c r .imen t s o th:i L tne vo l ue ; uo t <:d by Fc:J lcon~r ( 1954 ) o f O. 6 ,,;a s 

used in all cu l cula tions ( formul a shown in Table 19 ) . 

i 0 r bo t!. :r.ales and f e.r, i.. l cs .in u~e no t i.i.nd ::ea i um lines t he 

real i sed ~~ ne t ic cor relation w~s be t ~een 0 . 41 and 0 . 76. I n t 11 e Co l d 

l i ne on t he other h :.;,nd the r e"'li s ed 0 cne t ic correl ations ,vere virtual l y 

zero ( - 0 . 03 ~no 0 . 081 fo r ma l es a nd f em~les r eGpec tiv ely) . 

6. Body we igh t - litte r s i ze r e l ati onships 

I t ha s of t en b een no ted t ha t t he mor e mice th~ t a r e born the 

sma ller they a r e a t birth and t he lighter t ney a re when wei ghed a t sub­

sequ ent ages ( this ma t ernal ef f e ct pers i s t i ng ,l,l:Jlti1 three months o f age , 

Brumby ( 1960)) . 
t" . 

As t he di f f;erence be t we en aver a ge litt'er · s·i z"e · fo~ all lines 
' ,; ,.__ 

was not lar_ge in this study ( Table 14 a nd F igure \ 1-) :i,~ _was though t that 
... . q . " 

litter s i ze would no t appr ec.iably bias the b~dy ·w~i g~t ch~ges or differ~ 

ences . 



Hot 

Medium 

Control 

Cold 

TABLE 20 

Regressions of s ix a na three week mea n body weights for each f a.mily 
on litter size a t wean in~ in a ll lines in the fourth generation 

Six ueeks Thr e e i1 eeks 

Males Females Males Females 

- 0 . 32 ;!:. 0. 28 - 0. 75 ;t 0. 27 - 0 . 69 !. 0. 19• -0.71 ;!:. 0 . 22• 

-0.1 5 ;t 0. 097 -0. 57 .!. 0. 63 - 1. 28 ;t 5. 2 - 0.19 ;!:. 0. 7 

- 0 . 20 ;!:. 0.19 - 0.32 ;t 0. 087• - 0 . 39 !. 0. 18 - 0. 22 + 0 . 26 

- 0 . 43 ;!:. 0. 14· - 0.49 ;!:. 0. 15• -o. 46 !. 0. 22 - 0 . 39 !. 0 . 22 

Col.d Control. -0. 23 !. 0. 60 0 . 19 ±. 0.35 -0. 20 .!. o. 4 -0.07 ;!:. 0. 34 
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The validity o f t his assump t i on ~as che cked by f i tting 

regressions t o mean family body weights and litter size a t t hr ee weeks . 

rhese regressions are presented in rab l e 20 and ~ere ca lculated fo r ma les 

and females separa t ely for three and six week wei~hts in t he four·th 

6ener a tion . 

All but one of these reGressions was negative , tha t is the 

hi~he r t ne litter s ize , the lower the body weights a nd vice versa . 

Ho~e ver , on~y five of the twenty re~ress ions culculated were s i gnifica ntly 

differen t from zero , four of th ese being in t l·,e Cold anu !--iot line s . 

neGress ions were hi6ner in the i:ot and Cold lines (but not the Cola 

Control l ine ) t:ian in the oti1er l ines , but bec..1u.se of the l arge error 

varia nce no ~e~ nin~fu l r esul t ca n be obtained . fhis may be due to the 

~mu:l numbe ~s of litters a nalysed (eibht ~er lin e ) . Hut even if t heae 

re 5 ressi0ns were sisnificunt t!1e uverabe r etression coefficient over a ll 

l~nes ~o~l~ be abou t - C. ~ , t ~~t i s u a e creus e o~ abou t 0 . 5 gms in mean 

bocty we i bht for a uni t incre3se in l itte r size . 

11ltnouth the li t t er size ~ t birth ~~s very similu r in a ll lines , 

t here coulu poss ibly h:ive bee:i :,. c:;reater d ifferential between t liree we ek 

litter s izes uue to the hi 6her mortali ty in t he ex t reme environmen t s . 

Mean three we ek l i t ter s i zes a veraged ov er al l generations and in 

generat i on four a re shown bel ow for all lines . 

Hot Medium 

Avera'ge 

Con trol 

6. 88 

7 . 43 

Col d 

6. 75 

6. 63 

Co ld Control 

7 . 13 

.6. 74 



64, 

The maximum difference in l i tter size at t hree weeks i s about 

0 . 6 wnich would mean tha t t he mean body we i gh t in the Medium line may 

be about 0. 3 gm less t han an a djusted estima te (0 . 6 x - 0 . 5) . rhis b i a s 

wo u ld not eff ect ~ny of the body weight differences shown i n Figures 1 , 

2 and 3. 

Summary of Lxp eriment I 

1 . A response to selection f or body weight ½as o b t a ined in the 

three t empera tur e e nvironme nts . 

2 . By the fourth 6e n eration o f selection mean a bsolute body 

we i 0 h t s were b rea t e r in t he Cold b nd Kedium lines t nan in 

tne Ho t line ( Cold = I-: e d ium) h0 t = Control = Cold Control) . 

3. ~ealized h e rita bilities were gr eater in t he Hot lin e t h&n in 

Cola line and gr e::1 t e r in t he :::old line tha n t ne hed ium line 

( liot ) ~old) h c-dium) . rh i s rankin6 held fo r both mble a nd 

f e1n:, l e es tima t e G .vh i le in a l l three lines male heritability 

es tima t es ~ e re greate r t han t hose for female s . 

4. ro t al phen o typic variance f or body wei ~ht declined in t he t hr ee 

se l e ction lines o ver t he p eriod of t he exper i men t . Body weigh t 

variance was lower in t h e Ho t a nd Co l d lines t han in the Medium 

line . 

5. I nbreeding in the- three sel ection lines i n creased a t a r ati of 

about 8fo per gen eratio n . 

6. Th er~ was a n increase in ~a il len g th in t he Ho t a nd Mediu~ --lines 
" 

o v e r t he four generation s of s e l ection fo~ bod y weight b ~ t no 
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increase in the Co ld l ine. By generat ion four the ?bsolute 

t a il len g th mea ns were r a nked in t he order - Hot) l-iedium) Co l d . 

7. Tota l phenotypic t a il length va riance was g r eat e r in the lines 

in t he . e x t r eme environments (31°c a n d 7°c) tha n in t he l ines 

in the s t a ndard environment ( 21°c) . 

8. ~eaning Ne i 6hts i nc reased in t h e thre e se l ec t i on l ines . 

l i n e wean ing we ights were lower t han t hos e in the Cold or 

Medium lines . 

Ho t 

9. £he mice i n t ne ho t line were s ignificantly f a tter tna n t ne mice 

in all the othe r l i nes . f h e re was no s i gnifi ca n t difference 

oe t ween t n e fou r otne r l ine s for f a t extr a ct but t he Sold a nd 

h e dium l ine s h:, d h i c:;h e r V>;, l ues t i1c1n t he i r r espe ctive Contro l 

lines . r her e was a s i s n i f ican t r e l a tion ship b e twe e n f a t a nd 

bo,ly ·we i ght in tne hot a nd Cold 2.ines bu t n o t in t h e othe r three 

lines . 

10 . rhere • a s no i n creaG e in li t t e r size over the period o f s ele ction 

in any o f tne lines . Litte r s i ze a t birth wa s lower in the Cold 

l ines t n a n in the other thr e e lin~s . rhe time betw e en rn~t ing 

and p rod uction of first litters was lon~er in t ile mice in t he 

two e xtreme e nvironments , specia lly in the Ho t environmen t . 

Mor~ality b e tween birth and six weeks of age was gr e a t e r in the 

two e xtreme env ironment ( about 10 /4 ) t han in the s t a n da r d envir on-

me nt (about . 510 ) • . · 

' 11 . The genetic 9orrelation . b e t ween body weight ·and tail leng th in 

,• 11,• 

t;he Hot a nd Medium lines ,w.aJ a bout 0 . 7 but there was no· gene tic -.· 



correlation in the Colct line . 

12. Body weibht differences were not &ppreci~bly biased by 

litter size differences . 
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Chap t e r IV 

F i< 0 M i X P ~ R I M ~ N T I I 



Environments 

Bo;iy 4 
Hot 

.,eit,ht 7 
~nvironrr.en t 

31°c rail 4 

.!:..enuth 7 

boJy 4 
.J t:.- nd~rd. 

., e ii;.;ht 7 
~:-1 virc nr.i ;:n t 

21°c .:i..til 4 

Length 7 

Boct;y 4 
Cold 

.,eight 7 
Lnvironment 

7oC Tail 4 

Length 7 

r 

TABLE 21 

Mean body weiLhts and t ail lengths of mice from all lines at the start (4 weeks) unci tne finish (7 weeks) 
of exposure to all environments (five mice in each subgroup) 

Lines 

Males Females 

Hot Med.ium Control Col d Col ci Control Hot Jviedium Control 

weeks 16 . 65 18 . 06 17 . 96 18 . 20 15. 66 14. 50 16. 74 16. 06 

weeks 21+ . 18 25 . 04 23. 76 25. 26 23. 38 20 . 20 20 . 82 19. 54 

weeks 7.96 6 . 80 6 . 62 :; . 04 5. 02 7 . 40 6. 98 6 . 74 

v.. eeks 9 . 16 S. 5S 3 . 32 7 . 62 7 . 70 8 . 46 6 . 46 8 . 14 

weeks 17 . 64 18 . 64 18 . 30 17 . 56 16. 56 14. 18 16. 34 15. 20 

,veeks 28 . 62 26 . 54 25. 88 25 , 94 '25 . 68 21. 3 22 . 12 20. 16 

11ceks 7 . 94 6. 94 6 . 70 4. 96 4 . 98 7 , 4 C. 96 6 . 64 

weeks 8 . ,;2 b , 16 7 . 811 6 . 78 6. 66 8 . 14 8. oo 7 . 64 

weeks 17 . 64 18 . 70 18 . 50 18 . 76 18. 28 15. 84 16. 11+ 15. 84 

weeks 28 . 04 27 . 32 27 . 50 27 . 80 25. 88 22 . 86 22 . 36 21 . 18 

weeks 7 . 80 6. 94 6 . 70 5 . 08 5. 32 7. 76 6 . 90 6 . 80 

weeks 8 . 22 7 . 74 7 . 28 5 . 98 6 .12 8 . 12 7 . 54 7 . 36 

Cold Cold Control 

15 . ~8 16. 44 

20 . 50 20 . 94 

5 . 10 5 . 20 

7 . 36 7 . 54 

10 . 30 1:-:, . 96 

23 . 06 21 . 7j 

.) • ~ 2 5 . 18 

6. 76 6. ~o 

15. 98 1:;; . 08 

22 . 4 22 . 16 

5 . 10 5 . 12 

6. 06 6 . 06 
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Chapter IV 

R i !::> U 1 •r !:i 1'~ R O l'J I I 

a selection r esponse fo r body ~ei ght and t he differing corre­

lated r esponses for tail length having been ob~ained it Nas of interes t 

to study t~e e f fects of tne alternative environments on a ny particular 

response . fhe experimental de3ign for this experiment has been presented 

in Ch:;.p t e r II. 

Hoay weight anct tail lensth means ~t four and seven ~eeks for 

all sub6roups (five mice in each subgroup) are ~resented separately for 

mal~s Qna females in rable 2 1. 

1 • ,,nalyses of the three selec tio:1 lines ( 3 x 3 table) 

desults of the analyses of these lines are presented in rable 

22 a nd 23 . 

(a) Boay wei 6hts 

Four week body wei5hts were lower in the Hot line than 

i n the other two lines , this diff e rence being signif i cant in 

the fema les only . 

~ significa nt difference f or seven wee~ body weight wa s 

found between environments but not lines in both ma les and 

fe ma l es . All lines had lower body weights in the hot environ-

men t than in t he standard and cold environments , where body 

wei ght s were very similar . Mean body weight of the HH group 



Source of 
variation 

MALL::i 

.i:.nvironments 

Lines 

L X .c; 

iii t hin 

f.::;J',,1AL,t;S 

f.:nvironments 

Lines 

L x 1!: 

iii thin 

Ti,bLL 22 

Ana lyses of vnri~nce between the three selection lines 
in the three environments (3 x 3 table) 

;,1ean S_g_uares 

7 week. body 4 week body 7 week tail 
d . f. weight ,might length 

2 34. 28** 2. 03 13.69** 

2 1 . 99 5. 46 4. 89•• 

4 5 . 10 1. 03 0 . 252• 

36 2. 55 2. 69 0 . 0701 

2 17. 53• • 0 . 58 2 . 73** 

2 1. 07 10. 13•• 9. 92•• 

4 1. 83 2. 50 o . 31(P 10~) 

36 2.42 2. 23 0 .128 

4 week tail 
length 

0 . 00065 

31 . 38** 

0 . 045 

0 . 077 

0 . 043 

23. 925•• 

. 052 

0 . 13 



P"SLt. 2j 

Anulyses of cov·iri wee: bz t>. c dt tLe tnree selectitm 
lin••.5 in 11::. er.v:r0nriunts (.3 x 3 t:lb c) 

Variable .. i thin ~...:b1.,ru...1 1ls rir3id...1~l ~~~r. ~j uares 
rn Lr1.;,. s ion .. ith.;.n 

y X coefficient s, .. b._,roups Lines r~n v ironmcn t s 

MAU,$ 

d . f . 36 3,;i 
., 
'- 2 

7 week 4 week 0 . 71 :t 0 . 11 ** 
tail len6 th t a il l en5 th c . 0.52 0 .1 ;,6• 4. 94** 

7 week 7 week 0. 07 3 ±_ • 021 .. 
tail length body weihht 0 . 0583 13. 9y • 4. 071 *"' 

7 week 4 week 0 . 67 body weight body wei ght t- 0. 12•· 1 • .59 7. 87•• 24. 01* * 

F~MALES 

d . f . j6 7" 
_; .) 2 2 

7 week 4 week o . 78 ±, 0. 12 ... body weit;ht body weibh t 
1. 11 2 . 52 ( N,-) ) 15. 74 .. 

7 week 4 we ek v. d9 ~ 0 . J76•• t ail length tail l enbth c . 027 c . 22,:, .. .5 . 23* . 

7 week 7 Neek 0 . 091 ± . o;,6• 
tail length boay welbht 

0 . 111 10. 26•• 2. 97•• 

L x B 

4 

0 . 288•• 

0 . 271• • 

2 . 94 ( P) 10,-o) 

4 

v. 662(NJ) 

0 . 585•• 

0 . 38• 
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(terminology as in Chapter II) was lo»er than all other sub­

groups but the im and HG groups were just as heavy or heavier 

than the other two lines in the c old and standaru environments . 

Cov ariance of seven week body wei~ht adjusting for four 

week body weight showed a difference bet•een environments and 

lines in the males . rhis was the result of the lower ho t line 

four week weights leading to significantly higher adjusted 

seven ~eek Heights . ~his was also r eflected in an interaction 

term which ,1~s significant at tne 10;o probability level. A 

similar effect was fauna in tue females out neither t he line or 

interaction residual mean square WdS significant . 

(b) rail lengths 

At four weeks , tail lengths were alre&dy signific~ntly 

different be tw een lines . rhis line aifferenc e may be a result 

eitner of selec: i on or of the ori~inal environment in wnich each 

line was reared (that is , ho t line ) 1•1eciium) co1d). 

Analysis of seven week t ail lengths sho·Nea tt!a t there ,vere 

highly s ignifican t differences between lines and environments 

in both males ana females . An interaction between lines and 

environments was significant at the 5~ probability level in the 

males and the 10/4 level in the females , 11ithin all lines 

tail lengths were longer in the hot and shorter in the cold 

environment . The Hot line had the longest 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 week t ai l lengths resulted in significant line , environ­

ment and interaction residual mean squares for both males and 

fema les . 

The nature of the in teraction term oetween line s and 

environments for t ail length will oe discussed after the 

Control line analyses have been presented . 'l'he seven week 

tail lengtns adjusted for four weeK tail l eng ths are presented 

below for illales only (a similar result oeing found in tne 

females) , 6ith the unaujust e d means in parenthesis . 

Lines 
Hot Hed.ium Cold 

31°c 8 . 20(9 . 16) 8 . 45U3. 58) 6. 73(7 . 62) 

.c,nvironments 21°c 7 . 5d(8 . 52) 7.93(8.1 6) 7. 95(6. 78) 

7°C 7. 38(8 . 22) 7 . 51(7 . 74) 7 . 07(5 . <j8) 

lhese means snoN tha t ~here nas been a compensatory 

increased growth efiect in tne hot environment by both tne 

heaium and Cold lines . fhus a djus ted means in the hot 

env ironment a re 5 rea ter in the l•,edium and Cold lines than 

in tne Ho t line . 

(c) rail length - body weight 

Covariance to adjust seven weeK tail lengths for seven 

weeK body weights resulted in significant l ine , environ ment 

and interaction resiaual mean squares fo r both males and 

females . rhe male ad justed means are shown below. 



Source of 
variation 

MALES 

Lines 

Environments 

L X E 

Vi i thi n 

FEMALES 

Lines 

I!:nvironments 

L x E 

Within 

£,d::SL.:. 24 

Analyses of variance betNeen the Meaiurn ~nd Con t rol lines 
in all three environ~cnts (j x 2 t able) 

.t-iean u <J.Lla r es 

7 week body 4 week body 7 week t ail 
d . f . wei 0 nt wci6ht leng th 

1 2 . 58 • 341 . 90•• 

2 22. 96•· . 96 2 . 21•• 

2 1. 34 . 038 . 025 

24 1. 471 1.827 .11 2 

1 16. 28• 3. 74 0 . 61• • 

2 6. 41 1. 02 1. 61• • 

2 o . 45 0 . 44 0 . 025 

24 2 . 63 1. 592 0. 066 

4 we ek t ail 
length 

. 363 

. 036 

. 008 

. 096 

0 . 36• 

0 . 01 

0 . 035 

0 . 066 
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Hot 

9. 33 

8. 37 

8. 11 

Medium 

8. 69 

8. 16 

7. 68 

Cold 

7. 71 

6. 82 

5. 89 
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These adjusted means are very little different from the 

original means , but the HH group mean tail length was increased 

due to the loNer body weights in this g roup . 

rhis analysis corroborates the fact that there are both 

line and environment ~ifferences for seven week tail length 

ana that tne interaction term is one of degree rather than 

ranking . fhat is , there is a ~reater response to the warmer 

environments by the heaium ano Cold lines tnan the dot line . 

nnalyses of tne Meaium and Control lines (3 x 2 table) 

(a) body wei6hts 

rhese analyses are presented in rables 24 and 25 . rhere 

were no significant aifferences for body weiehts at four weeks . 

~u t in the fem ~les Medium line weights were hi~her 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 l ines but not environments . After covariance had 

V • 
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Ana lyses of cova ri~nce be tw een the Medium b nd Control lines 
in all three environm en Ls (3 x 2 table ) 

Va ria ble ,1i thin subgroups Res i dual Mean Su ua r es 
regression Wi thin 

y X coeffi cien t sub:::;roups Li nes £nvir onrnents , 

f 

~ I MALES 

d.f . 24 23 1 2 

r week 7 we ek 0 . 0498 ~ 0 . 056(N3) 0 . 11 26 0 .71• 1. 31•• 

I ' t a il leng th body weight 

7 week 4 week 0 . 96 ~ 0 . 10 .. 0 . 0239 1. 12* 1 . 16• * t ail ·l en g th t a i l l eng th 

. FEMALES 

7 'weel< 4 week o. 88 ~ 0 . 19•• 1 . 456 4 . 94(NS) 10 . 10• • 
Ii body weight body weight 

~I ·7 week 4 -week 0 . 903 ~ 0 . 089 .. 0 . 0126 0 . 04 (NS ) 1. 76•• t a il l eng th tail l eng th 

7 we-ek 7 week - 0 . 0138 + 0 . 033( NS) 0 . 0683 0 . 55•• 1 . 4 3• • t a il l engt h body wei ght 

d . f . 24 23 1 2 

L x E 

2 

0 . 035(NS ) 

0 . 02(NS ) 

0 . 065( NS ) 

0 . 005( NS) 

0 . 025 ( NS ) 

2 



ad jus t e d fo r four week weight d i fferences there was a 

significa nt d i fference between e n viron~ents only . 
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Thus in the f emales t he line difference a t seven weeks 

is due t o a l ine difference alr eady establi shed a t four 

we e ks , so tha t the a d j u s ted gain in "body weight b etween 

four and seven weeks was s i mila r in t h e Co l d and Cold Contr o l 

l i ne . 

(b) fail lengths 

rl t four we eks t ai l lengt hs wer e a lready l onger in the 

Medium l i n e t han the ~ontrol line bu t only signif i cantly so 

in t!1e fema l es . 

Analys is of seven week t ~~ l lengths showed a highly 

signi f icant d i ffe r en ce between l ines and environments a nd 

no significa nt inter a ction. 

in trie hedium than the Control line i n all environments and 

botri lines had ~he us ua l ranking in the environments ( Hot ) 

Medium ) col d) . 

After covariance had aaj us ted seven week t ail leng ths 

for four week tail l engt hs t here were s t i ll d i ffe rences 

bet we en environmen ts but no signific~n t dif f erence between 

lines in the fe males and a d ifference signi f icant a t the ·5% 

proba bili ty l e vel in the males . 

Thus , especia lly in the females and to · a lesser ext ent 
.. 

in the males , g enetic d ifferences between the Medium a nd 
"{ 

Con trol tail l en g ths ~er e 11:!-I'"ge-ly est a b l i.<f;!hed by four weeks . 



Source of 
varia tion 

MALES 

Lines 

Environments 

L x E 

Within 

FEMALES 

Lines 

Environments 

L x E 

Within 

.l'nbL.t:, 26 

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

hean S_g_uares 

7 week booy 4 week body 7 week tail 
d . f . we i 6 ht weit:;h t length 

1 13.73** 13. 46 0. 012 

2 16 . 05** 7.79 6. 626** 

2 2 . 14 2 . tJ? 0. 048 

24 1. 215 5. 943 0 . 081 

1 0 . 97 5. 99 0. 04 

2 d . 90• 2. 69 4. 83•• 

2 4. 38 0 . 25 0 . 02 

24 1.806 2. 845 0 . 148 

4 week tail 
length 

. 048 

0 . 142 

0 . 049 

0 . 065 

.027 

. 005 

. 004 

0 . 112 
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'l'ail length - body weight 

Covariance of seven week tail lengths for seven week 

body weights still resulted in significant d i fferences between 

both lines and environments . However , this analysis has 

limi ted meaning as the within subgroup regression coefficient 

was very small and non-significant . 

~nalyses of the Colct and Cold Control lines (3 x 2 table) 

fhese analyses are presented in rables 26 and 27 . 

(a) Body ~eights 

Cold 

ln both males an~ females four week boay weights were 

hi 6 her in the Cold line than tte Cold Control line , but not 

significantly so . 

"nu.lysis of male seven week oody weights showed highly 

significant differences for lints a nd environments . Covariance 

analysis adjusting for four week weigh ts aid not alter this 

situation . 

Fem~le seven wee~ weights were only significantly different 

b~tween environments. Covariance for fo ur ·week body weight 

did not a lter this . 

The seven week adjusted body weight means ( wi th the 

unadjusted means in parenthesis) are shown below . 

Cold Control 

31°c 

20 . 4(20. 5) 

20. 6(20. 94) 

21°c 

22 . 7(23~06) 

22. 4(21.78) 

7°C 

22. 2(22 . 4) 

22 . 3(22 . 16) 



THBLL ?7 

Analyses of covari,nce between the Cola unJ Cold Control lines 
in all three ~nvironm~11ts (3 x 2 tuble) 

Variable v'Jithin subgroup,"> ~~sidual Me~n J quares 
re5re~;sion ,, i thin 

y X coefficient subt_;rOUf,S Lines tnvironments 

MALES 

d . f. 24 ?3 1 2 

7 week 7 week 0. 065 !. 0 . 052(~0) . 0786 . 085( N..3) 3 . 80** tail length body weight 

7 week 4 week 0 . 23 .t 0.082* 0 . 952 7. 604** 11 . 39u body weight body weight 

FEMALES 

d . f . 24 ?3 1 2 

7 week 4 week o. 4? + 0 . 14** 1.372 0 . 01(N.3) 7 . 32• body weight body Nei gh t 

7 week 7 week 0 . 16 ±_ 0 . 05** . 1c7 0 .13( N::3) 5 . 27•• tail l ength body wei1:,ht 

L x E 

2 

0 .074(N.:3) 

1 . 86(i~S ) 

2 

1. 57(NS) 

0 . 075( NS ) 



73 

Th ese ad jus t e d means i llus tra t e that the r e was no 

d iffe r e nc e between lines for weight gains over the 4-7 we e k 

p e r iod a nd that a ny d i f f e r e n ces in unad jus t ed mea n s ( a lthough 

no t s igni f i cant) we r e the r esult o f d i ffe r en ces a lready 

present a t f our weeks. 

(b) rai l leng ths 

fhere was no d i ffere n ce b e tw e e n t ail len g t hs a t four 

weeks . 

Analys i s of seven we ek tail leng t hs showe d t hat in bo t h 

mal es and fe ma les t ha t ther e was a hi 0 hly s i gni ficant d i fference 

betw een environments but no difference be t Neen lines . 'rhus 

both the Cold a nd Cold Con tro l lines increased tail l en g th 

Nhen moved to wa r mer environments . out t he fac t tnat there 

was no s ignifican t ~if f e r ence be t ween lines shows tha t no gene tic 

differences in t a il leng t h were r e v ealed by thes e warmer environ-

ments . 

rhere was no need to carry ou t covariance of seve n week 

t a i l l e n g t h a a j us t i n g f or f o u r week tail l e n g t hs , as the 

differe nces in t ail len g t h a t four weeks we r e very small. 

(c) Tail length - body weight 

.4, 

It was f ound tha t in fivi ou t of six cases (~oth male s ind 

fema les ~onsid e red) seven week t a i l leng ths we re actua lly 

slightly longer j.n· t he Cold Coh trol line. Since the Cold 

I- : ' 
Control line ha d lower seven week body ·weights t~, n the Cold 

line, covaria nce analxsis of seven week tai~ iength adjis t ing 
J •• 

. • 
'' 
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for seven week body wei ght was carried out . l'here was still 

differences between environments but no significant differences 

between lines. 

The female adjusted means (with unadjusted means in 

parenthesis) are shown below . 

Cold Control 

31°c 

7.57(7 . 36) 

7.68(7 . 54) 

21°c 

6. 56(6.76) 

6. 81(6. 80) 

7°C 

5. 97(6 . 06) 

6. 01 (6.06 ) 

Althou5h there was no significant aifference between lines 

tne differences between the adjusted means were greater than 

the unaajusted differences . 

iioay weight ana tail lengtr. an~lyses in all lines 

(a) Boay weight 

Body weight analyses need very little additional discussion . 

dowever , the lack of difference between the selected and control 

lines, specially obvious in the males in t he standard environment 

and the females in the cold environment needs some interpretation. 

The most log ical explanation wo uld seem to be one of 

sampling , especially as the re 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-

ati on five these six week differences were still maintained a t 
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size effect . 
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Anothe r possible explanation coula be a litter 

However , as was shown Qlso in the previous 

chapter, for tne first litters , differences between the size 

of the secona litters used in this crossover experiment were 

not large . ~ven assuming a significant re5ression of body 

weigr.t on litter size the maximum bias of bocty wei6hts between 

the selected and control lines would be abou t 0 . 5 gms . 

r~us it would seem thci t a sa~pling effect ha s occurred . 

Also , in sev er~l cases , the Genetic differences between 

the selected ~no control lines Nere alreauy established a t four 

weeKs . In tnese cases covariance au justinb for four week 

weibhts results in no aaju~ted diffeiences between lines from 

four to seven weeks . rnus covari~nce is actually correcting 

out riifferences alre~ay established . fhis does not alter tne 

final interpretation of results , as lonb as it is clear tnat 

this is what hcts occurred . 

(b) Tail length 

In Figures 14 and 15 mean seven week t all l en5 th 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 aifferent 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 fo ur weeks 
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as Hot l ine) Medium line ) Co.n t rol line ) ·cold line = Cold 

Control line . 
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From s tudying t nese graphs , interpre t a tion of the previous 

t ail l eng t h a na lyses a re made much simpler . l'he intera ction 

between environments and the three selection lines (3 x 3 

Analyses ) i s shown by the different gr adien ts of t he three 

lines . Thus there i s a grea t e r differenc e between tail lengths 

in tne two ext reme temperatures in the Cold (and t he Cold Con t r ol) 

l ine t han the Hot lin e . ·r 11is is the compensatory gr owth effect 

by t he s horter tailed mice already mentioned . 

But tnere was no s ignificant differ ence betwee n t ne Cold 

and Cold Contr ol l ine t a il l enGths (a t either four or seven 

weeks) in a ny environment ( 2 x 3 Ana lyses , ti ection 3) . 

How eve r in al l cas es the s ev en Neek t a il l en ~ths wer e low e r 

i n t he Con trol line tha n t he Medium line at both four a nci seven 

weeks in all e nvironments . Cova ria nce ana lyses ad jus ting for 

four week tail l en~ths con firmed that t hese differences shown 

in Fi gur es 14 a nd 15 were significant for males only (2 x 3 

Ana lyses , ~ection 2) . 

.•, 

Thus these a nalyses confirm the c onclusion arrive d a t in 

· Experiment I tha t there was no correlated response of tail l en&th 

in the Cold line (rev-ea.led by any of the thre~. environments ) l;)ut 

there. ~as in the Medium a nd Ho t lines . 
I· 

: Th{i's ih.7·s ,p.i te a_f the· increase · iI?, 

. . lines . ii.n w,armer ' envi_r onmeri.ts , the . fact 
,. 1' ,., , ~ ., - ~ •--.\ ,. J'I •./; .. •. • ~ b, I. • f'•• • • • 

·, 

tail 

that 

.... . 
l engt h; ,by 

,.. .,, 
therw is 

••t • 'I 

,-~--

the Cold · 

-no genetic 
.. ' 
'1 .\ 

.. ,. 
< • 
~ 

• 
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chan6e in tail length i n these e nvironments (gauged by the 

difference be twe en the Cold and Cold Control lines) i s the 

facto r of importance . On t he other nana the ~euium line did 

show a gene tic increase in tail length in all environments . 

The situbtion is complicated for t he Ho t line as there 

was no control line in tnis environment . Tuus it is diff icul t 

to ascertain how much of hi~her f our week t ail l e n~th in tne 

Hot line is du e to cenetic or environmental ca uses . 

;:;U,·11\.,.KY O.f ..<.,Xir.Rir· .. ~i\i' II 

1. Bouy weigh t 

(a) I n all lines (selectea bn~ control) seven week body weibhts 

,.,.ere lower in tne hot environmen t . 

(b) In t he three se l ected lines th e re w~s very liLtle difference 

between seven ,~eek ooay weibhts in tt1e cold ,.1nd stanciard 

environments . ..r.en seven ·.o; eeK .veie;hts ,•,ere aa justed for 

four week weights t he Hot line male weights were s ignificant l y 

heavier than the other two selection lines in t he cold a n d 

standard environments . This effec t was a lso found in the 

females but was not significant . 

(c) The difference between the Medium and Control lines for seven 

week body weights were smaller than expected , specially in the 

males in the standard and cold environments . Th is seems mos t 

•.•., 

, \ 
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likely to be a sampling effect . In the females the gene tic 

difference in body weight between the Medium and :ontrol l ines 

was already established at four weeks and there was no difference 

between these lines for adjusteu body we i 6ht gains from four to 

seven weeks . 

(d) Seven week body weights were hi 6 her in the Cold than in the Cold 

Control lines in both males and females i n nearly all environments . 

In the males this difference in weight was par t ly established at 

four weeks but there was also a hibher ad justed bain in body 

wei gh t betNeen four and seven weeks in tne Cold line than in the 

Co ld ~ontrol line . 

but i n tne females the higher weights in tne Colo line than 

in t ,,e Cold Con~rol line were due to differences already established 

at lour we2Ks so that there was no d i fference between lines in 

adjusted gains from four to seven weeks . 

~ail l en~th 

( a) ~ithin all lines ( selected and control) there was a significant 

difference between environments for seven week t ail lengths . 

Tha t i s t a il len~ths were longer in the hot environment and 

shorter in the cold environment t han the tai l lengths in the 

standard environment . 

(b) Line differences between the three selected l ines for seven week 

tail l e ngths are complicated by differences in tail length between 

these lines , which were a lready established at four weeks . 
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(c) Analyses between the three selected lines for seven week t ail 

length revealed an interaction betwien lines and environments . 

This was due to a compensatory growth effect in the hot 

environment by the Medium and Cold lines . r h us the Cold 

line mice (which had t he shortes t tails at four weeks) showed 

the greatest response between four and seven weeks to the ho t 

environment . 

(d) Th e Cold Control line mice (which ha d similar tail leng ths to 

those i n t ne Co la line in tne cold environment) showed similar 

increases in t a il length to the Cold line when moved to the 

standard a nd hot environments . 

( e) In all environme n ts the Control line tail l e ngths we re lower 

tnan the Meaium line tail leng t hs . ~fter seve n we e k t ail 

l e n ~ ths had be e n a djus t e u for four weeK tail l e n ~ ths this 

line uifference Has significant in t he males but not the 

females . 

(f) I t i s concluded tha t there was no genetic increase in tail 

leng th in the Cold line which woul a show only in warmer 

env ironme nts . out there wa s a genetic increase .i n tail 

l ength in the Medium line showing in a~l environments and 

the s ame was probably true for the Ho t line . 
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Chapter V 

D I S C U J S I O N 0 F ~ X P L R I M ~ N T I 

1 • ~oay wei5 ht response 

K response to selection ~as obtained in all three selection 

lines , the increa3e in body weignt per generation being sli6 htly greate r 

in the liot line thdn in the Meaium a n ~ :ala lines . 

£he response obt~ined in the heaium line of abo ut O. d ~ms/ 

generation is nibher tLan t~at found in other similar selection studies 

for boay weiL,nt in r.,ice (l'aule 1) . fhe resionse in this experim~nt 

was expecLed to be nigher tha n t hat found in Falconer ' s stuui es (l'able 1 

and 2) as in all these experiments witnin litter selec tion w~s carried 

out, so tnat only one half of the tota l ~enetic vari~nce w&s ~vailable 

for sele ction . l'his Nithin-li tter selection method eliminates the 

complica t ions of matern~l effects ana reduces the rate of inbreeding . 

But the increased r ate of ~ro~ress a vailable from mass selection was 

of more importanc e in tnis study as only a limited amount of time was 

available . In this s tudy no measure of asymmetry of response was 

available (that i s t here was no line selected for decreased body weight) . 

The response c a lculated oveT only four generations of selection 

would be expected to be biased upwards as most selection studies have 
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shown tne grea tes response over tue first few generations ana then a 

gradual decline . rhus MacArthur (1949) obtuined 6O~ of his total 

response in the first seven generations of selection (response ceasing 

after about 23 generdtions) . 

Although no otner select~on ex~eriments for bouy wcibht in 

uifferent temperature environments are knownt it is of interest to 

compare the response in tne not ana Cola lines in tni.s study Ni th the 

res_onse found in ex~eriments selectini on low nutritional diets 

(fable 2) , In tuis stc1ay th~ re"iJon.;;e -.v :.s just as 6ood or better in 

tLe two lines in the a dverse envirocments (thuc is the not ana cold 

en vironm cnta) t nan in tne s t anoLrd environment . 

~oth 1'c-1lconer und i,a tys~e~rn.-{i t.1952) anu 1-...orKman (1961) 

fo~na lo .. er b~ay •eight res~onses on tneir low 0iets . i'his .,as 

spec i ... iJ..y 11,,,;.r~ed in i:or ,u:,an's :,, t u~J ,1here t,1t: _011 ui(.':t level Nas 

verJ 10,-1 , :t ~ould ~t ex~ectea tn~.t uft~r t he nutrition~l level 

n~d been reducea beloN some minimum level Nhic~ i s neeaeu for browth 

tha t bouy wei~fit response must t nen cease . fhis level ~as probubly 

exceedea in hor~man ' s experiment . DUt ~~lconer (196Ob), who measured 

his res 1wn.c; e from t.ne divergence between his upNard and downward 

selected lines , found no difference in response between tne lines on 

his ni6n and low diets over 13 generations of selection and a slightly 

hi6her response in the low diet line over the first four 5enerations 

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 , tne similarity in response between all selected lines is of interes t, 
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It might have been expected thdt the two ex t reme temperatures may have 

reduced response , uut this was not found . fhis emphasises the point 

th;,t little is known about what constitutes a ' normal ' or optimum 

environmental temperature for selection. 

rloNever , altnou5 n there w~s no markea difference in body 

wei 0 ht res_i:.onse between selection lines , ""bsolu ~e body weights oJJere 

lower in the Hot line , while there w~s no siJnific~nt difference in 

,veigh ts oetween t1.e 1-lectium anci -.::olu lines . ~oth tne heaium and ~old 

lines 11,ere si6nific~ntly hea.vi er tha.n their respective .::ontrol lines 

by 0 enera tion four so th~t a benetic response had be~n obtained . 

rnere hbS no Control line iu tue hot environment . 

,.ccll:n::1tion stuuic:s .. ith 111L:1::; anu rat.;; in hot anci cold 

tnvironments (d~rnet t 1965 , Ear,ition 1963 1 ui~ham 1965) have snown 

tn:..t rearin6 inice in :hese extre,ne te .. per:;i.tures usually results in 

211is ~,L,s found in the ho-. envirorur1ent 

in tnis study but not the culct environm~nt , neither Cola line or the 

~old Control line oeini bffecteri (th~t iti t~e bouy weights in the 

Control and Cold Control line were not significantly different) . 

These results CHn be uirectly compared to the acclimation stuay of 

Bi gham (1965) who exposed LCA a nd LCB strain mice to t he same ho t 

ann cold temperatures as used in this study . Both his hot and cold 

groups of mice had lower body weights than the controls at 2 1°c and 

in tnis cas e hot gr oup mice wer e heavi er than cola group mice ( also 

found by Bi ggers et al . 1958) . 
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2 . 3e l ection ctifferentials ana realized heritabilities 

The weighted selection d ifferentials were higher in tne hedium 

line than in the other two lines and selection differentials for males 

were hicher tnan those for fewales . 

Falconer (1953) taoulates selection uifferentials for each 

generation of selection for botn larbe and small lines. Hean ueighted 

selection aifferentials u~ to beneration four Nere 1.76 gms/generation 

in tue large line and 1.39 grams per ~ener a tion in the small line . 

Falconer calculated his selection differentials from eacn mated pair 

ana selection differentials were calculatea separately for males and 

females in this study . But t8 lconer's vaiues will be roughly compa rable 

to the average of the tNo weiuhtea sel~ction uifferentials in this study . 

lri=se dere 2.19 , 1. 72 anu 1. 67 gms/gen~ration in the Medium , ~ola and Hot 

lines respectively . rhe lar~er va l ue of 2. 19 ic the standara environmtnt 

compareJ to Falconer ' s v&lue is probaoly mainly uue to tne fact that mass 

selection was oein~ used in t his study comp~red to tn e within family 

selection met.iod .eml'loyca by .?alconer . 

rne loNer selection oifferentials in tne Hot and Cold lines 

resulted in higher reali sea heritabilities in these two lines than in 

the Medium line . Rebl i seci heritabilities were calculated separately 

for males and females and the means of these estimates Nere 0 . 37 , 0. 51 

and 0. 63 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) . 

rhe best estimate of heritability for body weight in mice in 
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a s t a n da r d environme nt would be tha t quo ted by Falcon e r (1 9 5 3 , 19 55 ) of 

0 . 35 . f his w~s ca lcu l ated f r om t he d i v e r gence of his l arge a na s ma l l 

l i n es a nd t h us e limina t ed e r r ors d ue t o asy mmetry of r e sponse . In a 

sta ndar d environm ent the asy mme try of r esponse f or bo dy we i ght has nearly 

a l Nays been due t o a g r ea t e r re s ponse i n the s~all line ttan t he l a r g e 

l i n e ( Falcon e r 19 53 , 1955 , 1960a , 196Gb ) . Fa lcone r ( 19 6Gb ) fo un d t ha t 

tr,e r eali zed heri t a bility for u pward selec t ion was a b ou t 70}6 and 20~ 

fo r downwar d selection ove r the f i r s t five gene r ation s . Howe v e r , a ft e r 

this r es p on s e c nan~ed a nd was a bo u t 12/4 upw a r ds an d 45~ downwards . 

f h e r ealized h e ri tabilities calcula t ed i n tni s study cou l d be 

bias e d e s tinia t es o f her i tab .:. l i ty if asy,nrr.etry of response was imp orta n t . 

The only che ck of the valiuity of thes e es t imates is tne r e~l i sed 

neritabili~y c~lculated from the d if!erence i n r es~onse between the 

he diurn line a nd the Control lin e . rhis gav e a val ue of 0 . 35 ( a v e r age 

of t h e two sex va l ues ) , wnich a lthou i;i1 lo:,er tmrn t h e Medium l ine value 

of 0 . 37 , i s s till hiJhc r t han most other es timates of h e r i t abilit J f ound 

in s elec tion studies f o r l a r ge s i ze i n mi ce (Table 1 a n d 2) . 

Howe ver , r egar dless o f what the tr ue h ~ri t a b ility mi bh t be , the 

diff erence in h cl r i tabil ities be tw ee n lines (whi ch was s i gn ifica nt when the 

sex es were pooled ) i s its el f o f i n teres t • 

. 
-l h e re were h i g her heritabili ti es in t he two. extre~e t e mp e r a t ure 

e nvi ronments in thi s s t udy . Hi ghe r rea l i zed herit~bili~~es wer ~ a l s o 
,: ·?-'.. 

f o und in low nutritiona l enviro nments (Falcone r: . and -La t 'ysze wski 1952 , and 
. . . ' . . . 

Fa lconer 1960b), · but in n eithe r 'bf t hes.e e x perimen.ts w-ere tl).e. d iffe r e n c es 
~ . 

significant . On t h e othe r h a n d Pa rk et a L (1 966 ) , Kor).(~~ n (1961) a nd ' 
..:... ·:_"I -?• .;: ~ 

. f ; ~~ ' .. 

Da lton··and .Bywater (1 96 3 ) alls•fo'und ·~ow Et.r (alt~,ough no_~ a],w~s ~ i gni f ica ritly-
·- -: • ;:.. . \ ,.. ; (. ,r • _l,, • 

·-·~ 



lower) heritabilities on low planes of nutrition when selecting upwaras. 

This is most likely uue to tne low feed level limitin5 response as wa s 

aiscusseJ previously . 

3 . Body wei5ht variance 

rot al pheno typic va ri.:.rnce ( calcula r.ed over the whole population 

as a6ain~t between or xitnin litcers) for boay .,eight wus lo~er in the hot 

:.:.nu :ola lines taan in tne lines in t.i1e s tandaru en vironment . ;.'he exception 

',\·as the varia:1ce in the -.;o~a .;on ;;rel line wnicu was nibhE.r than in all other 

lines. no~ever none of the Jifferences between phenotypic variances were 

very lar~e (ruble 11) . 

rhc 0 enetic v~ri~nce for tocty ½eiGht (cJlculutea by multi~lyin~ 

tn~ ~nenoty1ic v~ri- nc e by tha re~li 8ea n~rit~biiities) Nas ti 0 n~r in ~he 

not ~n~ .; o~o lin~E t han in the Neaiurn line (v~lues of 1 . 0d , O. b2 ana 0 . 70 

r e ,; ~ e c ti v e ly ) • _
1 r.-,1.3 Lh~ en, iron mental vari::.tnCt:' ,foS r edu cea in tne extreme 

t e,.,,t1e1·R tu res in :.1is study but tnc _;enc ti c v1.ri:.i.nce \', c.:.S not , .,.,c.en co:npared 

to the variances in the s t &.,n~ra environment . 

botn ~alconer &nd Latyszewski (1952) ana Falconer (1960b) found 

~nut pnenotypic vari ance of body Neibht (calculated within litters ) , was 

lower in their restricted ctiet lines . Falcon~r and Latyszews~i (1952) 

found tnat botn tne genet ic and environmental variances were r educed by the 

restriction of diet , but the environmen tal vari :..i. nce more than the genet ic . 

It has been suggested that adverse environmental conditions may 

increase phenotypic variability ( Nadct ington 1942 , Michi e 1955 , McLaren 

and Michie 1956) . 
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The pheno t y pic var i a nces for body we i ght i n thi s s tudy woul d s upport t h i s 

' en viron menta l des t ab ilisa tion ' the ory . Simi lar result s ha ve a l so be en 

found by Ashou b e t al . ( 1958) , usin g tempera ture en vironmen ts anu ~earl e 

( 1954) and Hon e y man (1957 ) us ing nu triti onal environmen t s . 

Con t r ary results were found i n Falcone r ' s sele c tion s t ud i es a n d 

i n acc l i mat i on s t udi es by Harr ison e t a l . (1959) and Barn e tt a n d S co tt (1 9 63 ) . 

4. I nbreed i n g; 

Inb reeding occur s ~hen i ndiviaua ls which are more closely r elated 

than a verage a r e mated toge t her , thu s i n creas ing t he degree of homo zy go s i ty in 

b,e population. Increas ing the level of inoreedin g usually produces a decl ine 

in characters assoc i a t ed with the f itness of a n a nimal (e . g . f e rtility , 

vari~bility , gro wth etc) . Inbreeding aepress ion ma y be a ue to the fixa t ion 

of u ndesirable rec essive 5enes , but is more likely to be aue to the f a ct 

that the he t erozy6 o te i s supe r ior in f i tness to the homozy gote (Robertson 

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

rhe rel ationship be t ~een inbree din g and selection has been d i s -

cussed by iober t son ( 1960 , 1961 , 1962) . It was shown that selec t ion within 

a c losed population r esul t s in an i n crease i n the i nbreeding r a t e , both - because 

the populati on is c l osed an d thus t he n u mbers a r e restricted , a nd beca use o f 

t he e f f ects of sele ction. 

I n t h i s s tudy t he rat e of inbreeding i ncrease was calc u l a ted 

from the e ffe c tive popula tion s i z.e wh i ch t a k es into· accoun't t he e ffects of 

the r es tricted popul~ t i on s i z e a n d s ele cti on. As was e xpect e q t h i s g ives 

va l ues of 6 F tha t a r e cons idera bly h i gher t han t hose quoted i n other 

selection s tud i es . 
. ; 

._ 

., .. 
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Falconer (1953) cal culated his inc rea~ e in inbreeding(~ F) 

by ti1e ' coancestry ' method C::ructen 1949) w1.ich _;_oes not take into account 

the effects of selection u nd 1uotes an inbreedinb rate of 1 . 7~ per 

generation comp~red to the rate in tfiis study oi about 8~ per generat~on 

in all selection lines . 

rhe b,. F value calculated by the coancestry method in ~his 

~~perimcnt for the hedium line only, re3ulted in a value of 3. 42/4 per 

.2llit3 is ao0u L t1,::.c e t .. a t £01.,nu by J3lconer a...ie to tne 

mass selection as comp~red to tr:.c ,vituin far11ily selection metr.od . 

Falcon~r (19J5) discusses the m~cnitude of aec~ine of heritability 

:-,n'"' res; on"'c which ,r,,,y lie 1-:1ccoun:. eu .or b/ ra.ncto:n fixt.ti.ur. o.ue :o inbret'tlinc..: • 

d.is ,':ollla proo:rnlJ h:.ive been of i.r,port r,nce in t i.; sL1dy if .,elt.Ction h:Jd 

be.:.n continut:?d . 

1 • rail length 

rhe lonber t ai l len~th found in the not environmen t and the 

shorter tail length found in the culd eniironment compared to the tail 

len5th in the standard ~nvironment (21°c) is in agreement with several 

othe r studies which h~v e 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 f or boay weight in 
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mice in a sta n dard env i r on men t there is a correla t ed increase i n t a i l 

l e n ~ th ( Falconer 1953 , 1954 , 1955 ) . Th i s was found in t h i s e xperime nt 

in both t he Ho t an d hed ium lines bu t no t in the Co l d line . Th e r ate of 

i ncrease in t a il length per 6 enera t ion ~as gr e~ ter in the ho t line t han 

the Medium line . 

Tai l l ength variance did not behave in the same wa y as body 

weibht varian c e . rotal phenotypi c v arian ce for t a il lengt h was now 

highe r i n tne l ines i n the ex treme t e ,:.per a tu res t nan in the lines i n 

the s tandara e nvironment (Table 1 1 ) . 

Harrison et a l . (1 959) and Harrison ( 1963) fa un a th~t t he 

vari abili ty i n tai l length of heat r ear ed mic e w~s s ignifican tly lower 

than tnut of con trol r e[.~ red ::, ice , due mainl;i- to the short er t ailed 

inJiviauals rnakinb t ne breatcr response to he a t . But Barnet t ( 1965b ) , 

al t ~ough not f indin~ any r eally cons i s t ent e ff ec t of t~e cold e nviro n me n t 

on va ria nce in t ail l e ngth , a i d f ind in some s t rains a s u gges tion tha t 

lo~ t emperature increased va ria nce . 

The h iGhe r phe notyp i c va riance for t ail l ength in the extr eme 

e nv i ronments wo uld support t h e hypothesis of env i ronmental des t a bi l isation 

(rishoub e t a l . 1958) dis cussed in S e c t i on 3 of t hi s Chapter . 

(a) Body weigh t - tail length r e l ations hips 

One o f the mos t in ter es ting asp ects of Experiment I i s 

the o bs erva tio n t ha t t h ere i s no rea lised genetic cor rela tioq 

b e tween body weight a nd ~ail leng t h in t h e Cold line , while 

the g e·netic corre l a tions in the Medium and Ho t line s WJ re in 

go o d a gree ment with othe r e s tima tes ( Falcone r 1954 , Coc~rem 1959 ) • . , 



89 

It was found in the revi ew of liter a ture tha t there was 

ample e vid ence of both body weight and tail l e ngth being 

infl uenced by t ne environm~ntal temperature a t whi c h mic e 

a n d r ats a re rea red . These acclima tion s tudies have b ee n 

extended in this experiment bJ selectin~ f or boay weight in 

three tempera t ure environments . 

h s has a l ready been u i s cussed a body we i gi, t r e spons e wa s 

found in a ll selection lines and a n increase in t a il l e n e t h 

in t he Hot ~nu Medium lines only . But absolute we i gh ts were 

low er in the Ho t line wic e . fh us by ceneration fou r three 

lines of mice had been producen whi c n d iffe r ed in boa y we ieht -

t a il len gth r ela tions hips . rhe mice in t he ho t en vironmen t 

had a low oody wei 6 h t a nd a long t a i l , those in t ne cold 

environmen t n b d a hign bo6y wei~ht a nd a short t u il , while 

those in tne s t andara e n v i ron ment n~d a hi 0 h ~o a y we i ght a nd 

a tail intermedi ate in length be t ween the t ai l l en g ths in t h e 

two extreme environments . rhus th e mi ce produce d in the hot 

a nd cold e nvironment ha ve s imila r body weight - t a i l l e n g th 

p r oportions t o the LCA and LCB lines produc e d by Cockr em ( 1959) 

by actua lly se l e cting for these re l a t ionshi ps i n a s t a ndard 

temper a ture e n vironme~t . 

I n ne~t her t ne sel ec t e d or the ·Con t rol l ine i~ t he cold 

environme n t was there a n y sign if i cant i ncrease in tail l en g t h 
. -· 

over {he four generation~ o~ s eleqt ~on . Throughout th~ 

exp e r iment· the Col ~ ·con t rol i in~ •mi c e were ligh t er 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 tne two Cold lines , but 

no significant aifference between tne male and female tail 

lengths . 

rhus in al l the ~ice in the colJ envi ronment there 

uoes not see~ to be any association between body weibnt 

aria tail l e ngth . ho"ever from these results in ~xperiment I 

it is not possible to say whet her the lack of a tail len6th 

response in th~ cold is the res uit of an environmental 

suppre5sion . fhis is tes ted in ~xperiment II by ex~osi ng 

all lines to the otner environments . 

,1eanin1;,, wei tjht 

,ssocL1 tea .1i ti, tne increase of six wee«. couy wei6h t there 

was an in ~rease in weaning wei 0 ht (tnree week ~eight) in tne three 

selection lines . .. eaning weit_;hts were lower in tne 1--iot line than in 

the other two selection lines while trie Control line weaning weights 

aid not show a consistent pattern . noNever , the increase in weaning 

weights were not large and the Cold line weaning weights declined sharply 

in 5eneration four in both males and females probably due to some unknown 

environmental effect . 

Falconer (1953) also noted a small increase in weaning weight 

(about i 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 2~ grams so that the asymmetry of response was actually greater 
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at this stage than at six weeks of age . 

,,eaning weight is largely determined by tHe mother while the 

tlree to six week gronth is probably mainly aetermined by the inaividual . 

ln ralconer ' s experiments weaning weiGht wad not subject to any direct 

selection , since tnere was no selection betneen families . bateman 

(1963) , on the other hana , mass selected mice for boay wei~nt ana found 

that maternal genoLype , selected througn family differences , constituted 

t~o- tniras of tne superiority of selected inaividuals . 

Like~ise in this experiment it could be possible tnat selection 

for a nerit~ble materncil effect ~ay be hbving an effect on tne weaning 

.veibhts , and some of this effect woula stiL. be refl,....cted. in six week 

wei 611ts . 

r~bout 0 . 6 (m;..les a:id females aver·b,;ea) . falconer (195J) discusses 

mothcrini; aliility ( t,wt is the a1:,tern,:;.l effect) in tcrn.s of tl'.o components , 

one reL,. tea to ana tomic:11 aeve:ofinen t ::111d tne other to pi:.ysioloGical 

efficiency . fhe anatomical component it is sug~e~ted is directly 

r<;L ... ted to body sizc- 11hile tue 1-'hysiolobical component is not airc:ctly 

related to bocty si~e , but is a compon~nt of natural fitness and ~ill 

tnus show overdominance as postulated by Lerner (1954) . 

Althou6h matern~l effects could. be affectin~ selection response 

in this study i t i s not possible to par t i tion out this compon en t . However , 

this is not r eal ly necessar y as a heritabl e maternal effect , a lthou gh 

compli cating genetic inter pr etation , may actually be a desirable feature 

( Bat eman 1963) . 

Harrison e t al. ( 1959) and Harrison (1 963 ) found that the we i ght 
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of youn5 heat- reared mice (3- 4 Ne eks of a 5 e) usually increased more 

r apidly than the controls (at 21°c) . Thi s Nas noL found in this s tudy , 

probably beca13e the hot line mice "ere suckled on the hea t , 6hile 

l.arrison di d not ex~ose h is mi ce to the heat until t he mi:e were three 

?ennycuik (1966a , 1966b) found that lact...t~ion ~Gs 

diminished in mi ce in a Lot environment . 

Darnett (1 965) found th...t t colu r ear0d mice .. ere li0 nter at 

thr~e ~eek~ t ~a~ cont~oJ~ (a~ 21°c) . In ,1.0:;t .;eneraLon.:; in thi::; s t 1dy 

(.~xcept 6ener ... tion ...;
0 

unli .. 34) thi:::; uia not occur , but tHiG prob .. bly just 

rl.!fl£cts the coL::er t0:~.1Jer.1t..ire ( - 3°8) it .v:1.i:h Barnett ' s 1:,ice .. e:·e kept 

(c . f. 7°c in c.his ntudy) . 

3 . F:..t t in tile -::,.u·c.::iss 

.. nilc t:."' ~ot line :;:ice .~e~·e signi!'icv.Ltly f,!tt".!r tL,tn all 

ot!.cr li::e.3 1 t:i~re ,vus no sibnific r:':. 1iffercnce in f.:,.t exc.r~,ct bcts"1e(!n 

the othe r line~ (tui~ situ:t:ion .v ..,s not a.:.~e!·t~:i OJ cov;:_,ri .... n:e ...11 •. ,lysis 

u~ju3tinJ for body ~ei 0 ~t diff~rences) . 

fio·neve1· 1 there wu:::; a suuvestion that trte GolJ. &nJ ~·1ec.1 ium lines 

were L.i.tter than their re__,pective Control lines , that is selection for 

body weight in these t.'lo lines may have caused a correlat ed increase in 

f atne->s • but this difference between selected and Control lines was 

r e duc ed when covariance analysis adjusted for the loNer body wei~h ts in 

the Control lines . 

In the Cold and Medium lines the increase in body weigh t 

resulted fro m an increase in f a t and protein while in the Hot line the 

large increase in f a t was at the expense of protein deposition . 



93 

Fowler (1958) analysed Falconer ' s N str ain which had been 

selected for lar6 e and small s i ze a t s ix we eks anct found that total 

amounts of protein , Nater and fat in the carcass had b een a ltered as 

well as toe percentage c omposi t ion of the c a rcass . 

line mice Nere f atter than those in the small l ine . 

'£nus the large 

~election had probably not been carried out for long enough 

in this study to ~et a significant aifference betNeen the se l ected and 

t r,e Control lines . hs there was no Control line in the hot environment 

it co~ld not be ascertained whether tne fatness of these mice was due to 

selection or to tile environment . 

n temperat~re effect on fat metabolism was shown by Bi gham 

(1965) , who found a significantly 5re:.1ter amount of body f...1t in his hiGh 

oody wei,.;1,t strains of .r:ice (but no t his lo:: bed:, weibr,t str· ;.,ins) in a 

hot environment . Bigham (1 965) also found no difference in f~tness between 

his medium and cold croups of mice . }he hot environment may be comparable 

to a restricted diet environment, for it i s known that food intake i s 

r educ e d by heat ( Bigham 1965) . But Falcone r and Latyszewski (1952) and 

Falconer (1960b) found that mice reared on restricted d iets had less f a t 

than mice reared on a full diet when both lines were reared on t he high 

p lane . £he fact that the Hot line mice were fatter tha n mice in the 

other lines would suggest that tempera ture is the more important factor 

in this study. A reduction of heat product i on may occur in a ho t environ-

ment (Bigham 1965) . This general reduction of voluntary activity in the 

hot environment may mean that any excess food re ~uirements are laid down 

in f a t , even though food intake i s reduced . 

Barnett (1 965) concluded that e x posure of laboratory mammals to 
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cold generally results i n a reduc tion of fat , due to the high r a t e of 

neat product i on which must be ma intained . r his was not found in ei t her 

tne Cold or Colci Control lines in tnis study . rieroux (1963) foun d an 

increase i n abdominal anri subcutaneous f at in wild rats in the wi nter 

wtich emphasises tne point that general i sati ons from l aboratory animals 

and laboratory conditions must be made with care . 

4. Fertility 

The fertility dclta collectea during this study (presented in 

rable 14) is r eally only a by .. pro...:.uct of this experiment a.nd thus Nill 

be di~cussed very briefly . 

~o silnific~nt correlatca response of litter size nas founa in 

any of the selection lines . rLis is prob..,bly ju;:; t due to the f act that 

selecti on in this stuciy hha not been continued for long enough . 

fhe effect of temperbture on reproductive performance would 

su~port most othe r stud i es reviewed in Cn~pter I ~nich found a general 

sloNin6 and reduction of reprod uctive performbnce in hot an~ cold enviro n -

ments . fhe exception was the size of the firs t litters in the hot 

environment which were n o t very different from t hose i n the s t andar d 

en viro nmen t . Ho we v e r thi s was largely offset by the longer t ime i nterval 

bet ween ma t i n g a n d f irs t partur i tio n found in mice in the ho t e nvi r onmen t , 

compa r e d t o those in bo th the s t a n dard a nd cold environme nts . 

Body weight - litter s i z e re l a tion s hips 

Re gress ion of body we i ght on l i t t e r size were negative a s was 

expe cted ( tha t i s the h i gh e r the l it ter s i ze t h e lower the bod y weights 
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of the offspring and vice versa) , but only a few uf these regressions 

were significantly different from zero . host of the regressions in 

the Hot and ~old lines (b~t not the Col~ ~ontrol line) had higher values 

than those in the standard environment . 

ri1is effect was u ... so shown by Bibbers et al. ( 1958) , but in 

this case neurly all re~ress ions ~ere significant (probably due to tne 

lar6 er number of litters analysed) . 

rlS w~s aiscussed in Cn~~ter 3 , ~ection D (6) , even if the 

regre,,sions in this study h ct been significant, tr1is ~ffect wo ,1 ld not 

have siLnific~n;ly oiased any of the body weiLhl differences . 

,. 
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Chapter VI 

D I S C Ll 0 S I O N 0 F ~ X P L R I M i N r I I 

Body wei5ht 

(a) rhe environment and selection 

~ince Fcilconer (1952) first aiscussed the problems of 

selection re3ponse in differing environments a number of 

studies have been published whicn have looked at this question 

(l'able 2) . 

:he ~eneral conciusion from all these stuaies is that 

selection should take pl~ce in the environment in which the 

anim~ls are to live . but .r',1:'..coner ( 1960b) would also sug6est 

that if 6 ood perform~nce unuer a variety of conditions is 

desired, then selection should oe made unaer the conditions 

least favourable to the des irea expression of t~e character . 

rhe second part of the present selec tion study provides 

some additional experimental evidence on the response to environ­

ments other than those in which selecti on 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 t o the two cooler envi ronments . In the 

males only this resulted i n the Ho t line mean weights in the 

standard and cold environments being significantly heavier than 
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the Cold and Medium line weights in these environments . 

~s tne hot environment was tne least favourable environment 

for ~rowtn , these results sup~ort Falconer ' s sugiestion that 

selection snould occur in the le~st f:..;_vouruole environment . 

It is also possiole to loo~ :..;.t tne performance of all 

lines in each environment . 

ln the hot envirunment boay weibht ~roNth was depressed 

in all lines. 11.fter covari: nee l:;:...d o.djusted the Hot line 

weigh ts for ;;l-:eir low weu.ninb weiun ts there was very lit Lle 

difference in wei~hts oet~eLn the :hree selected lin~s • 

...ii:nil ... rly in t.hc st,,ndaru ,nu cvld environrr.:ni;s , apirt. 

!'rom ':h;,: r.e:..;.vi~r ::ot line ·::eights in the ri.:iles , there ::as 

v~ry ~ittlc diffe:ence bet~e~n selection lin~ w_i 0 hts • 

..,'gu.:; ~lti.ot,.t,ll selection in t:.e 11:>t er,viror:ment v,;,,s better 

for ~crform:..;.nce in ull the environmen R selection in medium 

or cold cnviron~ent~ ~uve siffiilar resul ts for ~ither environrrent 

su"ose,1uen tly . 

(b) femperature effect on Growth 

fhe effects found in this crossover experiment confirm the 

effects found in ~xperiment I . 

The hot environment depressed body weight growth in all lines 

(selected and control) and was a less favourable environment for 

growth than the cold environmen t . 

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

some sug6 estion of increased gro~ith in the cold environr11ent . 

These results are directly comparable to similar studies 

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

Cock rem (1 963) foun~ exactly opposite tem~erature effects 

than those found here usin~ the same temperature treatments . 

i.'hus for bo U-1 scroins (LC;'.. .;.nd LCB) and sexes of inice , the cola 

(but not the hot) crecttment depressect body weibht growth . 

Bigham ( 1965) , a 6ain usin 6 the sa111e temperc1tures ana four strains 

of mice , found that both his not and cold iroups of mice had 

loller body ~eights than the control ~t 21°c . 

but in a~reemLnt wit~ Cockrem (19o3) and oi66ers et al . 

(1963) , oigham (1965) found not Lroup mice were he~vier t~an 

co lei uroup n,ice . 

lio½ever , li~rnett (1965) nas found that the body wei 6hts of 

certain strains of mice ana especi~ily F
1 

str~ins of mice have 

not been Jepressea by cold tempera tures ( - 3°c) . fhus the results 

in t~is study may to some extent be a strain effect and may be 

connected ~ith t he amount o f heterozygos i s . r h e base population 

was a he t e rogeneous stock and four gener a t ions of selection wi ll 

not h a ve chan ged thi s very much . 

Tail l e ngth 

( a ) Compe nsat o ry growth 

On fir s t sigh t t h e c omp e n sa t o ry growth e ffec t by the Medium 
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and Cold lines in the hot environment does not seem to support 

the conclusion reached in 6Xperiment I that there is no genetic 

correlation between body wei~h t and tail len~th in the Cold line . 

However , once the Control lines Nere also included in the 

analyses it was found th~t the1·e w~s actually no genetic increase 

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

However , Lhe compensatory growth effect by the short tailed 

strains (both Cold and Cold Control) i3 itself of interest . 

Harrison et al . (1959) founa that the shorter the tail length 

when exposed to the heat (at 3 weeks of age) the greater the increase 

in tail 6 rowth . ~!,is is in agreement Ni~h the results in tnis study . 

but Harrison et al . (1963) aluo concluued that this phenomenon 

accounts for the snialler nithin genotJpe variability and the sma~ler 

phenoty~ic variance for ull ~enotypes rearLd in the hot (c . f . 

reared at 21°c) . Eut in the present study phenoty¥ic vnri~nce 

was actually hi~her in the hot environment than in the standard 

environment . 

Bigham (1965) also found th~ t within his long tailed strains , 

mice of the shorter initial tail length showed a greater tail 

lengt h increase than did mice of longer initi al tail length , which 

was in agreement wi t h Harrison ' s results . On the other hand 

Bigham (1965) also found that his short tailed str a ins (these 

being genetically short t ail ed) did not show this g r eat er tail 

length increase in t he hot environment . A similar result was 

shown by Cockrem (1963) who found that t he 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) stra in did . Again 

the difference in tail leng th oetween these strains was a genetic 

one . 

A problem in the interpreta tion of t h e t a il length results 

in this study is found wnen the differences between tail lengths 

at four weeks are c0nsidered . rhis c omp lic~tion was mentioned 

when discussing Figures 14 and 15 but needs some fu,ther discussion. 

Compensatory g rowth is a description of an effect a nd not a 

theory of how this effect works . 

tlo~ever , fo llowing Dickinson (1960) it could be considered 

that there is a certain ~ene tic potential for tail len~t t, ~ro~ th 

~11d th·1t its re~lis~tion depends on the environment . :n the 

first environm~nt (birth to 4 weeks of age) : n c re : lised troAth 

will depend on the environment a n ci the potentiul fro~ the corre­

latea respo nae to bouy we i bht selection in this environment . 

fhe f ormer i s by far the larger effect . The loNer re~lised 

growth in the auverse environment (cold) lea ves a greater 

potential available when the animal is moved to a better second 

environment (e . g . hot) for the 4-7 week period . The s ubsequent 

realisation of this potential could show as the compensatory 

growth. 

Because the genetic differences in tail leng th resulting 

from possible correlated responses are small compared with these 

compensatory growth effects , they can only be detected by using 
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the Control lines . 

nhen tnis was done it was clear tnat selection in the 

cold environment had not cLanged the Jenetic potential , that 

is tne compensatory growth of tail lenbtn was similar in Cold 

and Cold Control lines and thus the genetic potential ~as similar . 

However , compensatory gro¼th was less in the Control line a t 

both four and seven weeks in all temper atures than in the kedium 

(selected) line. rnio d i fference still held even thou~h the 

fo~r Neek tail l en~tus were sm~ller in tne ~ontrol line, so that 

a g;re,.ter compensatory gro;1th migh t have been expected . but 

the results snoN that tne cenctic potential of the ~ontrol line 

WiJS less th" n that o ~ the J..edium line . 

fhe d ifferences bet½een incs for four ~eek tail lengths (anJ 

in some cases for four weeks boJy weiGht) hus complic3ted boLh tl.e an~lysis 

and the interpretation of results . ,,n exµer imental desibn ·:1hich crossed 

mice between environments at a younger abe (either soon after birth , or 

when the mother was pregnant) would have solved this problem . However , 

although this type of desibn was considered , the management problems 

associated with t his type of experiment a nd the large populations that 

would be needed were considered to make this type of experiment an impractical 

proposition . ~ven if these managemen t problems had been overcome , Bigham 

( 1965) found that his mortality in the cold environment was due to d'ea ths 

of the lower body weight mice . If the lower body weight or less fit mice 

had died i n the extreme temperatures this could have ser i ously biased results. 
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Crossing over mice at four ~eeks of age resulted in very feN debths in 

any of the environments . 

4. Body weight - tail length rel~tionships 

It is now possible to consider ~uoy ~eight ana t~il length 

relations11ips in terms of acclimation to aifferent environments and :he 

func Li.on of the tail us a thermoregul:i to:·J orgcrn . 

If inaced a long tail in a hot environment ~nd ~ short tail in 

a cold environment are of functional si0nificun~e , t~is shoJld be reflected 

in the se·Jen .\eek Lady .veit;;hts for all 5roups . But ~hen t~e Hot line 

mice v1cri.:: i.10·1eu to coole r environments tl~eir ::.onb tails did not seen, to 

be uny .:1.i.s::i.u vi..n t:.1Le, :,::: r·c..:.1 .v,~i .. )1 ts •.,ere just :,.s good. or l.ie : ter t..:..n :..hose 

of tu~ 1nice reared i n the:3e environnents ( '...hese r:,ice l.avine;, ,,uorter t c.1. ils) . 

actucJ. lly sho ,\ e1.1"' lo;;er bro ,•, tl: n.Jte: ;1t.,::n ,:1oved to tt.e hot environment , 

this di_pression of 0ro.vth ,.-as similar to the hot line already in U1ir; 

environment with a lon6 er t~il lenLth , fhus here 3G~in tail len~th does 

not seem to be of uirect adaptive value in terms of body .vei5ht i;rowth . 

~~en hot line mice were moved to cooler environments tne tbil 

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 6rowth 

in the hot environment . 

Sirice these tail lerigth changes were mostly independant of body 

weight changes it would seem that both a direc t effect of temperature on 

tail length growth in the hot environment a nd reduction in tail length growth 
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in the cold environment due to vasoconstriction , could provide possible 

answers for these results . rhese hypotheses will be considered further 

in the next ch~~ter in relation to the experimen t as a whole . 

rhese conclusions a re very similar to those of Cockrem (1963) 1 

w110 foJnd that genetic differences in tail l en~ ths ana body weights were 

not associated ~ith differences in the ability of these tNo strains to 

adapt to different temperatures . 
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No other experiments a re kno~n where selection for body weight 

h~s been compared in differen t Lempera tu re envirunments . 

However , Barnett (1965b) reports an experiment in nhich a 

genetic~lly heterogeneous stock of mice was selected for ability to produce 

lar~e lit~ers in a cold environffient ( - 3°c) . fhe fertility ana the 16 week 

body wei~1,t of these mice increased durin~ tw elve ienerutions of selection. 

Sy this stabe the mice in tne cold ~ere he~vier tnan the controls (at 21°c) 

despite a smaller a~ount of abdomin~l adipose ti3sue (~arnett 1961) . But 

asso ciated with this i ncre~se in body weibht there w~s un increas e in tail 

len~th which c eased after about fifteen ~enerations of selection . ,,1 though 

barnett ' s mice were kept at the fairly s evere cold temperature of - 3°c it 

i s worth no ting tha t cotton wool was provided as a nesting material . No 

special nesting material was provided in the cold environme nt (7°c) in this 

study . 

Barnett ' s r esult is in direct contrast to the Cold line in this 

study where there was a n increase in body weight over four generati ons of 

selection , but no increas e in tail leng t h . In Barnett ' s study it can not 

be ascerta ined whether the increase in b ody weight is a genetic or a long 

term acclimation effect . Barnett and 1Viddowson (1965) found that a highly 
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0 
inbred strain of mice bred at - 3 C fo r fourteen generations uid increase 

in body wei ght but did not show any increase i n tail length . This increase 

in body weibht i s most likely uue to acclimation , and in this cas e tne 

effect of the cold on the growth of the tail was independant of body wei ght 

growth. 

The increase in body wei~ht in this present experiment in the 

~old line wc1.s u t ledst partly genetic for this line was significantly 

heavier t han the Cold Control line . ~ltho ugn not set up until the ~
2 

&eneration , the Cold Control line body weights did not increase s ignificantly 

over the three genero.tions that t11is line functioneu , nor ciid the tc1i l 

len6 tns increc1.se in this line . 

1'he L,c~ of r;enetic corrclatiun between bodj .veight ·~nd tail 

length was confirmed in Lxperiment II . 

In Lxperiment II the performunces of ull lines ~ere studied i n 

all temperature environments . fhis Lype of ex~eriment has been carried 

out using different nutritional environm~nts , but as f-r &sis knoNn thi s 

i s the fi r s t exper·iment to report on the perform-1nces of selected lines in 

different temperature environments . 

There is no evidence from this study that woul d support Hammond 's 

thesis that selection should occur in the o p timum environment. In fact in 

this s tudy it i s difficult to say what the optimum environment is , the 

performance by all lines in the s t andard and co ld environments being very 

similar . However , the hot environment was t he mos t severe environment , 

judging by the depressed growth rates found in all lines in this environment . 

There is some suggestion tha t this adverse environment is the best environment 
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in which to select . fhus the hot line body wei6hts were increbsed (so 

that the ma1es were sic::nifica1.tly heavier th~n tnose in the otl:ier two 

selection lines) when movE.;a to the t,,o cooler environments . It was 

also found in .~xperirnen t I th'"' t the realizeJ heri tcibili ty in the iiot line 

,.as hir,h0r ti.an in tne selected lines in tne other two te.us,eratures . 

lhis hicher re~li~ed heritability in the hot line , plus the res.1lts from 

.:.xperimer:t .1.l .•oula suu0 e.;;t th.At altnou5L ao~o ... .1te .veibhts ure u.e.9ressed 

in a hot en~ironment, bCDwtic ~robress is not . 

selection in a hot environmt:nt , tMo unuesirHblt correlateu res~onses must 

be noted . fer tility :::ts adverst:l:, a f ft:c t:eci by t;ie not environnaen t Hnd 

t!1e lonuer 1 ,er.:..ou. octNeen m_tin0 anu first p·,rturition mec1ns thut the 

bt:.r.er~tion inte rv,A.l. is in::reH~ ea ,!:...i. tnus t,.e !"Ute of 0 enetic pro 0 ress 

~owla ce reauced . ,-lso tne rk t l ine ✓i,1s L t ter ttwn o 11 o tner lines , 

t:iis incre;.;.se<l f:-. t ar.a·oolis!., bein6 at tl,e expL•n.;e or i,ro lt.!in ,1e 1,o.;3i tion • 

.1.f rc;s ,;lts from mice i1ave: ·my cenerality (:...nd ob,iou ·ly a;:!,lic i. tion of 

t1.e...;e sort of conc::.usions to domestic ..;L,ecics .:u:;;t be m-.,.de 1.iti: c-,re) 

tI.en tnis ci...i.n;;e in c~rc,, ~,., coi.ipositior. 1,'J ... l..:. cert.' .:..nly oe un:).esin;ble . 

i.s h"s i..lreG.dy been men tioneo the perform,1nce of the ::olu ana 

~edium lines in e~ch environment w~s v erJ similar . liowever , there •as 

still a higher realized heritability in the Cold tlllin in the Medium line , 

althou&h , 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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2 . Tail length responses 

In both DXperiment I and II it was found that tail length was 

t emper ature labile . rhus tail lengths were lon~er in the hot environment 

ano snorter in the culd environment , as mo3t other workers have observed . 

BLl t the results fror11 ;:,xperimen t lI do not confirm that the tail 

of the mouse i s necessJrily an im1ortant or~un for heat regulation . 

fo at least some extent bouy Aei6ht shoJlu reflect the over- all 

fitn e3s of an animal . lhe f~irly small boay ~eight differences bet~een 

lines un.:l environments (apart from tt,e lower ,,eights in the not environment) , 

associated witi. large differen::ea in t:...il len 0 th vrnulu 3u 6 ~t.,:.;t thc1t t&.il 

l~nuth per se h,s not been of critical ad~~tive im~ortbnce . , .1 thoui:;h 

t.1e mec!L.nis111 of this inc1·8,,$Pd t ui l 6rowtn ir: t!1e hot environ::iEcnt i s not 

kno 1m s. possj ble ~ueor-y con be ;:;u,:;u'- s tea . l t .'/01.ilC. .St;.a:n th, t LlH:' 

incre:__st.:'ci tc?.il l8n.;th t_;roJ1th i~ ir. :.:~1emb1.t of the Lady .. eii;ut t_;ro.~th 

in Lile hot environment ( Ll:.:.t is body 1·:eight ~row th is aepre:3seu b.} t1,e 

not environment) . t'hus ~ direct tem~erilt~re effect on tLe mitotic rate 

o~ the tail tissues and a vasodilat ion effect are possible c~uses of a n 

increase in tail gro~th in a hot environment . rhese effect3 are most 

likely relateci , with vasodila tion probably beinb 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 20°c . 

resulted in blood flow i n the tail increasing from less than 5 ml . to 

about 40 ml. per 100 ml . t i ssue per minute . Chevillard et al . ( 1963) 

concluded that t he gr eat e r tail growth i n a hot environment was due t o 

a greater blood flow after vasodilation and thus a hi gher level of 

cellular oxygenation. However , as Co ck r ein and .1ickham (1 9 61 ) have 

·rhis 
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pointea out , the association between cutaneous blood flow and gro~th 

(wool growth in this case) , m~y be due to other factors besides the 

increased supply of nutrients supplied by the increased blood flow. 

Di ffusi0n rates from the capillaries to the cellular m~ss usu&lly 

incre,.se ·, t hi c;her temper~, t ures . Rlso te~perature affects the s;eed 

of a chemical rei..1.ction. rhus increa,,ed r .., tes of bi ochernica l processes 

:,.ay be ~ust ·,s im1 ortant as an incre~seo. t·u1 ply of nutrients . deroux 

(1960) also fot..nd an associ::.t.i.on bct.·1een tiss.1e temperature and mi totic 

rate . i'hus the 11ic.:t,..,r the tissue :eril.fJeI'c. ture, the nighe r i.as tue 

induction r ate (rate at which cells start division) a nd the ohorter 

v; a s t.,e mitotic dun,tion . :i. t ,v;,s fo .1nd , t·or ex2,:i,.:,le th:.1 t a 7°c 

diffe:·ence in ti~~ue texper~ture res.1lt~d in a seven- fold difference in 

xitotic dur~tion . 

!.1 r1us it c ·.n te seen t!-,i.J.t ti1 1.•re ::ire a number o: po~,.-,ible 

expl ncition.:. f'cr tc,e increased toil ~ro·:,tli .i.n ::.Le 1.0+; environ::ient . 

l"'robal,ly a ~l of :.::ie -; t: L.i.ve at le:.,st some p:.i·t in the fir.i.J.l rcs .. dt , c:.s 

would be expec Led in a co:nplcx process s ·.1c., as t;ro.-. th . 

~and et al . (1965) also founu thut there ~us a decre3se in the 

cr itical vasodilati0n te~~era ture after cold acclimation a nd also a greater 

vasoailation ~hen these cold acclim~ted rats Nere moved to Narmer environ-

ments . rhis even greater increas e in blood flow could accoun t fo r the 

compensatory growth effect in tail length when the Cold line was moved t~ 

warmer environments . rhese observations by riana et al . (1965) have been 

confirmed by rhompson and Jtevenson (1965 , 1966) . This increased blood 

flow could a lso be facilitated by an increase in the number of capilla ries 

found in the peripheral tissue of cold acclimitized rats (Le Bl a nc 1963) . 
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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 of the blood vessels in the t ail. The 

vasoconstriction of periphere~l vessels in cold acclimated mice could be 

associated with the increaseci level of catecholamines found in cold 

acclim~ted animals (Chevill~rd et al . 1963 , ~vonaK and Hannan 1963, Jellers 

and Jchonbaum 1963) . Heroux (1960) founu that in ratd ac~limated to 6°c 

for 118 uays the mitotic activity in the ear anti tail tissues w0s very slow . 

Eeroux conclu ies t11a t th~ :.ictapta tior: t:w t hcis taken place in the cold is 

one that allows tl1e cello tc overcome the mitotic blockinb effec~s of 

co:d (Heroux 1959a) bJt whicn then or:!y ~llows mitotosis to continue at 

a ~uch slower rute . 

I;; is ·1.orth notin.; th~.t ~i1ese .90.:;,,ible expL,r.ati.0:1::, for incr·eased 

.3llJ. c.ecre";ed t.c.til ,:;ro11th ir: ho', :mci col, tc:::,I;.•eratJrcs re ';i-cctively are 

f.:icton.: thc.lt C'lCl be LJ.irly easily rriectsured . L'i1Us the valiai ty or this 

Lyi)othesis could ·.1t sume lb.ter stc,.be tie cnecked . 

3. i'he 0en,::ti c correlation between body wei,:ih t "'nd tu.il len 1:;th 

Probably tne most int erestin.; aspect of this st-1ciy has been 

the observation that the ~enetic correlation betNeen body wei6ht and tail 

len~th is not realised in the cold environment but is in the s tandard and 

probably the hot environments . 

It is realised that this study suffers from some experimental 

limita tions , so that the results must to some exten t be considered as 

preliminary ones . fhus the small subgroup numbers in Experiment II 

resulted in some sampling variation a nd as some of the differences found 
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were not very large , random drift can not be entirely discounted . However , 

the res~lts , beinb positive ratiler than ne~a tive , do give encouragement 

for looking a t t h i s problem further . One possible way of doing this 

Nould be to replicate this experiment, using larger populations, selecting 

for lon 0 er , usin~ larGer numbers nhe n mice are changed between environments , 

and exchanging mice between environments more often. Another obvious , 

but interestin5 possibility , would be to reverse the selection . rhat is 

select in the same three te:uperdture environments for increased tail 

lenLth a nd study the correlated response in body weight . 

The reason for the l ~ ck of benetic correlation between ~oay wei 6 ht 

and tail lengtl, in the cold environment is not obvious . 

This study ~as oritin~lly set UJ b2sed on two major considerations . 

Firs~ly it h ·1J been shown by Cockrem (1959) that it was po~sible to select 

combinbtions of oody ~ei0 ht Jnd tbil lenbth ~enes wnich ~ere not contributing 

to the ~enetic corre:ation oet~een these ch~racters . Also on physiological 

grounus , it mi 0 ht h~ve been expect~d that , if~ s1:or t ta il ~us indeed of 

adaFtive si~nificbnce , then naturdl selection mi[ht have been preventing 

any increase in tail len~th , even thouJh body weight was increasing. 

Falconer (1960b) has discussed the genetical problems of genetic 

correlations due to pleiotropy , wnen t~o quantitative characters are being 

considered . rhree sets of genes are postulated - those that effect each 

character separately , plus genes tha t a ffect b oth characters . Because 

interaction of al l these genes seems inevitabl e , the genetical s ituation 

is a complex one. . . 
The conclusion from Experiment II was tha t tail length was not 

o f a dap tive s i gnifica nce when all lines were tes ted i n all environments 
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hhich were moved into the cold env~ronment probably vasoconstricted 

their tails so t hat their l ength was of no disudvanta6e to them , 
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But the Cold lines wr1icn ,,ere kept permc,nently in the cold environment 

may h~ve h~d enough time (six weeks) in wnich to have become acclimated 

to the cola environmen t ~i t~ concurrent cnanges in critical vasodilu tion 

tem~er~tures (~ana et al , 1965) . ln this case tne t ail couh:. have 

adaptive value in these particul~r circum~tunces . The l~ck of correlated 

res~onse in tne cold environment could then oe cxplJin~u aci a ne~ative 

selec tive pressure . 

,slternatively a correlated response rn:..y only occur when there is 

a positive selection prescu~e ~nu is this xus only ~v~ilaLle in tLe hot 

ana st~nuJrd environ~ent , this cokld be a 1ossible ex~l~nut i on for tne 

carrel·, ted re.~, _ onse in these en-,ironmc:n t . • riut in the colct environment 

t!lere .'ii-3'5 no 1,os::.tive 3<:-lccl-ive _pre;.;sure avJi_:,.tle :.;.nu 1,encc tr.e luck of 

~t c~n only be concluJeJ that it is not really kno~n ~hat has 

occurrect , and t hat tne above explanutions ure some possible theorieG thal 

can be advanced . 

Some final implicat ions 

Falconer (1960a) concluded that there had not been enough studies 

on correlated responses over reason~bly long time periods (that i s gener -

ations) . Falconer (1960b) also concluded that - ' a wider empirical 

knowledge of t he responses to sel ection in different environments and of 

correlated responses in general is needed '. 
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It h~s been realised for some time (Lush 1945) that heritability 

estim~tes are a function of a particular population and environment . How-

ever, although the same reasoning would seem to hold fo~ other benetic 

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

recently . 

Bohren et al . (1966) 1 used computer simulation to study the 

changes in genetic variances and co~ariances as selection proceeded . rhe 

conclusions reachea Aere . 

11 l t n-s been accepted in quan ti ta ti ve benetic theory that 

predictions of direct response have only short term validity because of 

the necessary en· nbes that selection Nu~ld br:nu about in the Genetic 

vu.rian~e . It ,;,ppears fror., the .:."~Ll.11 t::; that t..P 0 enetic covarLmce between 

t.vo chi..truc ters r:w.y bt: even more sen3i ti vc tu c:i:i.n;;es in Gene fre 1uency 

brou 0 ht aboJ.t by selE:ction und presumobly c..L::o ouc to clL.nges r1.1e to 

rc1ndon1 sa:nplin6 ·.vncn the J:-"opul;, tion size i ::; srr:all. 

rhe vc..lidity of existln~ th~ory for the prediction of correlated 

responses is li~ely to ~e mucn poorer th~n for the preaictiun of direct 

responses ." 

ln the light of these conclusions it would se2m reasonable to 

conclude that similar reasoning could be extended to genetic covariance 

es t imates made in different environments . 

rhus any genetic cova riance estimates may not only change with 

time , but also may not hold in different environments . 

The results of this a nd other s i milar experiments would suggest 

that accurate prediction and decisions based on genetic parameters estimated 
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within any parti cular envir onment or population may not apply to other 

envi r onmen ts or popul~tions . I t woul u seem tha t the parameters may 

o.efine problems , such a s l ow heri t abili ties or undesirable c orreli.A tions 

but that the solu t ion of t hes e problems lies in e xaminin~ the physio­

loJical basis of these parameters or correl&tions . 

I t coulu also be SUbbe~ted that exu~inin6 the physiolo6i cal 

basis o f any geneti c s~tuation prior to carrying out time cunsuming a n d 

possibly expen~ive c&l cul&tion of pur ~meteis , m~y reveu l possib l e out comes 

of e x~eriments at more funu~men tal levels . lf indeeu benetic para~eters 

have limi t~~ ~eneralllity as !1Q3 been su~be~ted , t hen it may be more 

pro.:'it.:..bl e to se t up se l ection experimen ts <-Ver! :;ithout preuictin<-> the 

ll1tely outcome ;~n - t ::er. , if <A,:d '.1nen iJro::.le:ns o:cur , loo:{ for po.::;5ible 

ex}'li,ncJ. ::.ions c1.t tae 1~Lysieiloc..ical level. 
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