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IITRO0Tl0I1 

Growth is extremely complex, and, being a continuous process from 

conception to maturity, will be influenced by gentic and environmental 

agencies acting at 'all levels of development and on many different pby-

siologiol processes.. The üormal co-ordinated functioning of many 

physiological processes in necessary for the growth end development of 

an animal, and many plysiologists have been concerned with the mechanisms 

through' which growth is controlled. For example, post natal growth in 

mammals is dependent on the normal fuzotioning of the endocrines, health 

and appetite and many other factors. Geneticists have studied growth 

from a different aspect. They have shown that many patterns of growth 

are gene-.cbntroUed and therefore heritable, and that heritable differ-

ences between animals can be used for the production of divergent strains 

by - selection. As yet 9  however, few studies have been mndo of the effect 

of selection fork particular characters on the basic physiology of an 

animal Q  The present study was undertaken with the intention of tracing 

differences in the physiology of strains of mice having large or small 

body size in response to previOus selection. 

Characters 'which are controlled by the action of a number of genes, 

such as body size, are known as quantitative characters. Our under-

standing of quantitative inheritance is based on the multiple gene hypo-

thesis which was 'first postulated in 1910 by Nilsson-Mile bnd by East, r 

working independently. This hypothesis explains the normal continuous, 

range of variation found in quantitative characters by proposing that the 

inheritance of these characters is accounted for by the action and segre-

gation of a number of genes, each having a small effect but capable of 



acting cmmilative1y. This bypothesis reconciled the continuous varia-

tion found in the inheritance of quantitative characters with the 

ticulate nature of Mendelian segregations. The hypothesis has undo'gons 

many refinements and aanplificatións since it was first proposed, for 

example, the assumption of the additive action of genes conflicts with 

recent date which indicate that gene substitutions may have a geometric 

rather than an arithmetic effect (MacArthur 1944a). 

The genetic variation arising from a large number of genes with 

small individual effects provides the basis for the production of diver 

gent strains by neans of selection, Goodaic (1937, 1938, 1941) produced 

an increase of 70 in the adult body weight of mice an a result of selec-

tion for increased body size. More extensive selection experiments with 

mice have since been carried out by MacArthur (1944 a & b, 1949) and by 

Falconer (1948, 1953) and by Falconer and King (1953)0 MacArthur selec-

ted lines of mice for large and small body size at 60 days of age, and 

found an equal response to selection in the two lines, the changes in 

body size being correlated with changes in the relative proportions, time 

of onset of sexual maturity, and size of litter0 He showed that as 

genetic variability in successive generations decreased, environmental 

variability increased, leaving phenotypic variability unchanged. Fal.' 

conerus results, based on selection at six weeks of age, agreed in all 

important respects with those obtained by MacArthur. But in contrast 

to MacArthur, Falconer found that the rate of progress was greater in 

the small line, i.e. there was anasynimetry of response which could be 

entirely attributed to a maternal effect on weaning weight, as the weight 

gained from 36 weeks showed noasymiotry (Falconer 1955). Falconer oøti 

nated that many loci were concerned in determining body size. 
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A study of the pgióIo ical -aspects bf a quantitative character .ØiCh 

as body Size should help to eluàidnte 'the processes by which an organism 

acquires Its adult form and funCtion Knowledge of the pb7siolov of 

urge and small selected lines of mice might 'lead to a better udderstand.  

ing. of the growth process in these lifles and-of-the physiological nech. 

jams, through which' this control was being exerted., The following work is 

therefore concerned largely 'with the Offset f' selection for large and 

small body Size on growth, utilisation of foodstuffs, carcaa a composition, 

and. Various aspects of met 	lam, A few studies hal. been niadee by other 

workers of some aspects of the pbysiolor of selected phenotypes. 	train 

difteeness in iffioienCy of food utilisation and body. conpositton IWe 

been.. reported in two genetic':.ly ditinct strains of rats ,by Pal*er 11 

(1940o; ' hey also invetigated tb. offot 'of thyroid ad'tiaon 

on growth,'. and,'euge3tsd 'that the high efficteny .utrsin• of rats. nO'..7, 

secreted less' thyrócine than the low .  efficiency strain which bad * higher 

basal' mataboUsia.' ' Falconor and La$yszewsici (1952) selected for increased 

body size in i4ee both on high and low, plane diets,. Meter, 8 generations of 

aelection, groups fain both 	of nutrition were reared on a Azil diet 

and analysed for abdominal, Lat. Offspring derived from parents on full, 

diet had 24% ,more tat than those derived ..from parents:on.restriøtsd diet; 

and whereas offspring of tow diet parents iue.tntdned parental growth i 

creases on a full diet, offspring of full diet parents did not maintain 

parental weight increases when reared o' a .restricted diet,,,,Swine have also 

been selected for 'high or low feed requirements and Dickerson (1947) has, found 

that low feed requirements tended to be positively correlated with rapid fat 

deposition and poor suckling ability. Baird gj gj. (1952) studied the 

causes of the different rates of growth in swine selected for rapid and 
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s1oi rates of gain and indicated that the rapid line coneiotently secreted 

larger amounts of growth hormone at all ages than the slow line, although 

in relation' to body weight the pituitary weight was not significantly 

different in the two lines, 

ore in mown of the mariner in which single genes may affect normal 

growth. The action of a single mutant gone may have a considerable effect 

on a quantitative character such as body size 	Some single gene substi- 

tutions -such as 'pituitary dwarfism' (du) and 9pigy  (Rs) reduce body 

size in mica. Pituitary dwarfism  ues first discovered by Snell in 1929. 

Animals homozygous for this gene show reduced body size from. 12 days of 

age, and have shorter snouts, oars, and tails than their normal mateD, 

The primary defect appeared to be an anomaly of the anterior pituitary 

in which the number of acidophilic calls was very much reduced and the 

gland contained very little., if any, growth-promoting hormone (Smith & 

MacDowell 1930, 1931 Francis 1944). The gene 'pigny, which is not 

aflelomorphic with pituitary  dwarfism', also reduced body size and has 

a characteristic phenotype (King 190). Greens (1940) found a simple 

recessive gene causing dwarfism in Polish rabbits. 

Single gene substitutions can aloe nso an increase in body size in 

the mouse. Dickerson and Gowen (1947) chewed that 'Yellow' (.Y) an auto. 

omai. dominant only found in the heterozygous condition produces Obesity 

In mice by influencing food utilisation, Yellows wore loss active than 

normal litter mates, consequently energy expenditure per unit gain was 

reduced and the extra weight was entirely fat tissue. Benedict and Lee 

(1936) had previously demonstrated a lower basal metabolism in 'Yellow' 

mice than in normal litter mates. The reproductive period is also 

shortened in 'ZeUow mice, suggesting an endocrine imbalance in which the 
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normally operating balance of food intake to energy expenditure Is 

impaired. A recessive gene tobseol () also causes obesity iii mice 

whereby homozygous animals increase in weight very rapidly until they 

are about four times the weight of normal litter mates (Ingalls, Dickie 

& Snell 1950)0 Investigations into genetic—, traumatic.., and emriron 

mental—induced obesity have been carried out by Mayer (1953, 1955) who 

showed that the hyperglycemic syndrome associated with beriditary obesity 

was probBliue to a disturbance in acetate metabolism. Until recently, 

obese animals were considered sterile but Lane and Diokie (1954) have 

shown that obese melee will breed if, by restricting food intake, they 

were kept below 25-30  gms. weight. Wrenshall gJ 21. (1955) have shown 

that the obese hyperglycemic syndrome of mice is characterised by an in' 

crease in the insulin content of the pancreas with associated hyperplasia 

and degranu]Ation of the beta cells. Several coat colour genes are re-

ported to influence body size in tho' mouse. The effect of some of these 

genes is undoubtedly due to a direct physiological action of the genes 

themselves, In other oases site genes without known qualitative effects 

but which are closely linked genetically to the colour genes are probably 

responsible for influencing body size (see Gruneberg 1952). 

Vlany, factoirs are involved in 	control of growth and will influence 

the rate of growth of an animal. In all adult animals there is generally 

a delicate balance between energy intake and total energy expOndituro. 

This adjustment might be achieved in either of two ways; energy expendi-

ture might be limited by food intake or alternatively might determine food 

intake, The latter type of adjustment is generally thought to occur. 

Growth will only occur, hobjever, If total energy intake exceeds energy 

outnut. As far as is known, only when food intake is suboptimal does it 
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bocoino a limiting factor in detonining the rate of growth. In turn 9  

.Z.LlbJ.O .Lb 	JWjL UIL UL.L lit ULLZI tfl1U L 	J0tV .&UJ 	 LM 41e' 

may be associated with a lowering of the blood sugar by stimulation of 

the normal gastric hunger contractions (Carbon 1919) although Scott gj 

g, (1938) have boon unable to correlate spontaneous fluctuations of 

blood sugar with the desire for food. The hypothalamus is apparently 

concerned in the control of food intake; for example,, disturbances of 

the mechanisms regulating food intake can be induced by. hypothalamic 

lotions giving rise to hypothalam.to  obosityU (Hetherington & Ransom 

1942 9  Brooks  19469  gayer 1955).. 

Total energy expenditure can. be  subdivided into, three main oompon 

onto 9  that energy essential for the maintenance of the animal,, the energy 

required for body activity 9  and the energy cost assoâiated with grosthe 

The energy required for maintenance can be further subdivided into the 

energy expended in maintaining the basal metabolic rate and that ene'gy 

expended due to the specific dynamic action of foodstuffs (DA). The 

SDA of t'oodtuff S is the 'energy waste due to many intermediate reactions 

incident' to food utilisation0 TheorOtioaily 9 	selection for a parti 

euler genotype,, one could reach a stage where the maintenance require= 

monte of the animal were so great that growth would be very much reduced. 

For example,, it is known that large changes in the basal metabolic rate 

are associated with disorders of the thyroid gland9  such that maintenance 

energy is increased or decreased twofold. 

Some energy will be expended in body activity. Nhile the activity 

of an animal need not be either a direct cause of., or in any way related 

to the size of the anima]., changes in body size are sometimes associated 

with eharwas in levels of activity. The increased body weight of 
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hereditary obese mice,, for example., has been found to be closely aseo 

iated with differences in levels of activity; the gene 'obes& () dras-

tically reduced activity almost to nil (Mayer 19554 and !Zellot mice () 

are heavier and less active than normal litter mates (Dickerson & Gwen 

1947). On the other hand, reduced activity may also be associated with 

small body size a depressed metabolic rate,. and a lou body temperature s  
as in 'pituitary dwarfism () (Benedict & Lace 1936; Schonhols & Osborn 

19494 Bohaviour patterns will  therefore affect the energy spent in 

spontaneous activity, and these patterns may also be genetically deter-

mined and capable of modification by selection. Activity may also be 

influenced by the ondocrines, e.g. the sex hormones (Slonaker 19240, 

Many physiological, psses are subject to hormonal control, and 

selection tor large or small body size may exert its effect through the 

endocrinee. Several hc*mories aë known to be of fundamental importance 

in determining growth rates. The growth hormone secreted by the anterior 

pituitary is essential for normal development, and administration of growth 

hormone is generally accompanied by increased growth and nitrogen reten-

tion through its effects on protein and fat metabolism (Lee & Schaffer 

1934; Li & Evans 1948; Greenbaum & MacLean 1953;  and others) 

Thyroxin, which is essential for maintaining the normal basal metabolic 

rate, is also necessary for normal growth and development particularly 

in young animals, and in its absence, protein deposition is very much 

reduced (Leathem, quoted by Gaunt 1954) 	The androgenic steroids pro- 

duced by the tatis and to a lesser extent by the adrenal cortex exert 

a definite but limited effect on overall growth (Iochakian 1946;  van 

thugonen 1928, 1949; and others). Growth hormone, thyroxine, and the 

androgens all act as growth stimulants, and selection for large or small 



body. size might act directly, on. the levels of these or other endogonous 

horuonos. 	. 	.• 	. 	 . 	. 	. 	. 	- 

The. present work is concornod with wino aspects -of the basic plaio.. 

logy of mice -which have boon colcotod for large' or small body. size s  the 

intention being to .nvestigato the mechanisms through which growth rates 

are being controlled., A study has been made of the effects of selection 

on total body weight during growth and maturity and these effects have 

been related tQ: the' rate of deposition of fat and .protein in the body.' 

Thitrition etperiznents were undertaken to. determine the quantity of food 

consumed. end the efficiency of food utilisation and to discover whether 

larger animals consumed more food and utilised it more efficiently,- The 

digestibility of foodstuffs, food balances, total energy expenditure, and 

the activity of large and small mice were studied as factors determining 

the efficiency with which foodstuffs are converted into body tissue, 
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Large and small lines of mice from Falconer's selection programme 

were mainly used for the. study, his construction. of the foundation popul-

ation and method. of selection being as follows, The foundation popul-

ation was. derived from a four-way cross., of inbred etreins, Q, females 

were crossed to flU males and M females to A moles, and reciprocal 

crosses made of the F1' a, This foundation population (generation 0) 

was regarded as random bred, and two lines were selected from it 

Selection was based on body weight at six weeks of oge one line being 

selected for large size and the other for email, Individuals were 

selected on deviations from their litter means, selection therefore being 

entirely within litters, Litter size was standardised as far as possible 

to eight mice, Six pair matings within each line represented one gener-

ation,, and the rate of inbreeding was kept to a minimum by the choice of 

least related pairs. The original four-way cross maintained without 

selection constituted the control line (for further details see Falconer 

1953). 

4ice not required for the continuance of Falconer's selection experi-

ment were used for the physiological investigation. They were taken from 

generations 21-26 in the small line (), 10-12 in the control line (LC) 

and 2530 in the large line (). Over those generations the moan body 

weight of males at six weeks of age was 14.1,  21,2 and 30.0 gme., in small, 

control and large lines respectively, The progress that had already been 

made in response to selection is shown in Fig. 1. The large and small 

lines provided suitable material for the study, as not only were the differ-

ences in adult body weight already very marked, but both lines originated 

from the same foundation population. It was hoped that such an 



- •10 

investigation idght indicate the iindor24r2.ng causes of the asyinraetry of 

response observed by Falconer (1953). For comparison the control line 

existed which had been constructed at 'a later date than the celcted lines 

but which was nevertheless derived from the same four-way cross of inbred 

lines. During the course of selection the generation interval, in the 

small line had increased as email line animals mere slow to reach seucl 

maturity., henco comparisons between large and small lines were necessarily 

limited to the generations available during the course of the investigation. 

Another strain of mice (9&%L),, selected for large body size and un-

related to Falconer's selection line, was also used. This strain pro-

vided a comparison with Falconer's large strain (), as they were of 

comparable body weight and had been selected on similar criteria. 

Details of the derivation and maintenance of the CRL strain will be 

given later (seep 19). 
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GENERATIONS 

Figure 1. The progress already made in response to selection for 
large or small body size. 
(Reproduced by kind permission of Dr. D.S. Falconer) 
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CAPTER 1 

GR011TJI STUDIES. 

The growth of large, control and email lines was studied with two 

primary aims. First, a complete study was made of the growth patterns 

of the three lines from birth to maturity. Growth rates and body weights 

were compared to determine at what age differences in body weight between 

the three lines were first measurable, when the differences in growth rate 

were greatest, and whether differences in body size of the three lines 

were maintained throughout life. Secondly, relative growth rates were 

also compared in order to take into account the body weight at the be.. 

ginning of the period of measurement as well as the absolute rate of gain, 

Growth from birth to weaning is depondeat both on the animal's Own 

genotype and on the  suckling ability of the mother, whereas subsequent 

growth is determined largely by the animal's own genotype. Comparisons 

that have been made will therefore be based on differences which may be 

a result of maternal influences or the animal's own genotype. 

Growth in large, control and small lines was studied by taking body 

weights from birth to 30 weeks, Hatings of large, control and small 

lines were examined for births daily, and the error in age of offspring 

could therefore be up to 24 hours. tThole litters were weighed at birth s, 

and the litter size was then reduced to eight where larger. Whole 

litters were weighed again at twelve days, and the mean weight of off-

spring at birth and at twelve days was caloulatede Litters were weaned 

and sexed at 21 days and placed in storage cages (usually 6 to a cage). 
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Variations in body weight due to number, size and age of cage mateo, 

and to temperature and diet, were minimised as far as possible. mdi. 

vidual weights were recorded from 21 days. of age, 

• Three series of weights were taken of the three lines. In the 

first series, males and females were weighed at intez'va1s from birth 

to twelve weeks. In the second, a group of males 	weighed up to 

30 weeks of ego to obtain data on later growth (Series 2), Finally,  

in the third series, some males were weighed at two day intervals from 

21 to 43 days for more precise information about the period of most rapid 

growth. (Series 3)Weights were usually taken between 200 p.m, and 

5.30 p.m. Taylor (unpublished) has shown that the body weight of a 

mouse generally fails during the morning, but remains relatively constant 

during the afternoon, Afternoon weights were therefore considered to be 

more reliable. 

In the data on body weights, no correction has been made for litter 

size, The mean litter size of the large line (7 6 2) was higher than that 

of the small line (5.3)' the controls being intermediate (6.8)6 Correc 

tions made for differences in litter size would therefore. exaggerate any 

differences in mean body weight between the three lines for litter size 

is negatively correlated with individual birth weights. Litter number. 

was found to have no effect on mean three week weight of mice in the smell 

lines The mean weight of males from first and second litters was 6,5 gmse 

This was not significantly different (t—test) from the moan weight of males 

from the fifth litter or more (63....hen litter size was standardied to 

five ot six for the óomparison, Litter number l.6 therefore also been 

ignored in data on mean body weightei br all lines*,  
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BESULT 

Moan birth weights and mean litter size (i.e, young born èlivo) 

of the time lines are given in Table 1. The differences in birth 

weights were eignificant (P  

The meaü body weights for the three lines from birth to twelve 

weeks ($eiries 1) are given in Table 1 and plotted in Fig, 2, The mean 

• weight of females in any particular line I  was .  a1!eys bighei than the ràean 

weight of males in the lighter line (Fig. 2), At the time of the invos. 

tigation large differences existed in the weight of large, email and coni 

trol lines, Tbeèe differences expressed as a percentage of the '. control 

line aieshovn' in Table 2 

Table 2, Differences between the Mon. Weihta of Large and Sm01Ij, 

Birth 12 days 	3 weeks 6 weeks 	12 weeks 

Difference N 
as of 
control weight 

Males 	 49.5 	75,0 	70.4 
. 23.2 	38.4 

Females 	
j 	 j. 	 494 	73.5 	69.5 

The moan body ueights of males weighed up to 30  weeks of age (Series 

2) are given in Table 3 and their growth curves are plotted in Fig, 3, 

During the investigation the small line was still responding to SOlOOtiOfl D  

consequently those males were lighter than those weighed up to 12 weeks  

which came from an earlier generation. The large line showed little or 

no response to selection during the course of these experimente r  though a 

slight decrease in weaning weight was apparent. Differences in moan 

body weight between the three lines were fully maintained up to 30 weeks 
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of age, suggesting that the differences are permanent. 

Both series showed that the growth curves(Figs, 2 and 3) of, all 

three lines were similar in appearance when plotted arithmetically, but 

that the large line grew at a faster rate than the other two, the controls 

being intermediate. Differences in mean body weight at all stages of 

growth were highly significant (t-tost), Selection had, therefore markedly 

altered absolute growth rate and adult body weight, the differences ob-

tained by selection persisting throughout life, nevertheless, relative 

growth rates did not follow this patternD  as relative growth rates take 

into account the body weight at the beginning of the period of measure-

ment. 

Relative growth rates can be calculated as the instantaneous relative 

growth rate (k) from the equation derived by Brody (1965) who has oriti- 

oied i1inot's equation (W2  !x) for calculating percentage increases, k 
vi 

can be computed numerically as followa:- 

mW2 	 2 is the natural logarithm of the 
k = 

	

	 weight W 2  at time t2 , and mW 1is the natural 
logarithm of weight 141  at time 

k is therefore the instantaneous relative rate of growth for a given unit 

of time. Values of k from birth to twelve weeks were calculated from 

data of Series 1 for large, small and control lines. Values from 12 to, 

30 weeks were calculated from Series 2, Values of k at various intervals 

between birth and 30 weeks are given in Table 4  for  mules and females 

separately, values for males from birth to 12 weeks being graphed in 

Fig. 4. Before 12 days, relative growth rates were similar for all three 

lines, but differences, occurred from 21 to 35 day. From 21-28 days9 
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values of k for the large line were higher than those for the small line, 

those of controls being intermediate, Further, an increase in rolative 

growth from 21 days which was found in large and control lines did not 

occur in the email line until 24 days and the relative growth in the small 

line was higher than in large and control lines from 28-35 days, indicating 

a retardation of growth in the small liZLOe After 35 days, relative growth 

rate (though not absolute growth rate) was fairly similar in all three 

lines, 

The time of maximum velocity of growth gives a measure of the equi-

valent physiological ago-of different lines (Brody 1945). An estimate of 

the time of maximum growth can be obtained by plotting absolute gain 

against time, Growth increments for two day intervals from .1 to 43 

days are shown in rig. 5. The pattern of absolute gain was similar in 

large and control lines, and the time of maximum growth was generally 

between 24 to 30 days. There was considerable variations  however, 

between animals within each line in time of maximum growth. After 30 

days there was a rapid decrease in weight gained in each two day interval 

In contrast, growth increments in the small line showed no definite peak; 

instead,, the low level of gain was maintained up to 38 days after which 

time it began to decline. 

DISCUSSION.. 

Both genetic and environmental factors would contribute to observed 

differences in birth weight, growth rate and adult body weights found 

between large, control and small lines of mice, However, Venge (1950) 

has shoun that in reciprocal transplants of eggs between large and small 

strains of rabbits, both the genotype of the offspring and the uterine 
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environment influence birth weights. In the present experiment, in. 

herited differences in wean birth weights of the three lines will there-

fore be influenced by factors such as maternal uterine environment,; 

litter size, etc., which may be in turn dependent on the genotype of the 

mother. The differences in mean litter size of the three lines may be 

primarily genetic and largely dependent on the number of eggs shed. 

•Venge (1953) has shown that in rabbits there in a relationship between , • 

inherited size and the mean number of ova produced per individual at each. 

ovulation, but undoubtedly mean litter size will also be influenced by  

the capacity of the uterus to carry all the embryos, 

Within each line of mice, Utter size is probably the most important 

of the non-genetic factors contributing to differences in individual birth 

weights. A negative correlation between litter size and indi'ridual birth 

weights exists within offspring of a similar genotype (i.e. when genetic 

factors affecting mean litter size are excluded). The effect of litter 

size on birth weight (Bluhm 1929; Cozier & Enzmann 1935; and others) 

might be attributed to differences in gestation period, for Yenge ('1950) 

has shown that litter size influenced the period of gestation which in 

turn influences birth weight. "Other non-genetic factors which may con-

tribute to differences in birth weight include sits of implantation, re.. 

lative number of implants in each horn (Eckstein & Hceoun 1955) and 

blood supply to the uterus. 

Growth from birth to 14 days is to a large extent dependent on the 

suckling ability of the mother which in turn is partly under genetic con- 

trol (Falconer 1947). Despite differences in birth weight, relative rates 

of growth are similar in the three lines of mice up to 12 days of age which 

indicates that the suckling ability of the snail line mothers is not grossly 
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iizpaired, and that their young are as efficient in their growth as off-

spring from large and control lines. The effect on body uaight of cross 

fostering large and snail strains of mice was found to be math]n1 at 14 

days (Butler and Uoti'ekos 1950), Fostering altered growth rate but the 

effect was transitory and the adult body weight of fostered young was not 

significantly different from non-fostered litter matco. Butler and 

otrakos also showed that weights between 14 and 20 days are determined 

as much by the genotype of the offspring as by the milk supply available. 

Falconer (1947) has shown that inbred lines suckle heavier* litters when 

the offspring are hybrid and that the poor prfornance of inbred strains 

is in part due to the nature of the young, Tenge (1953) was not able 

to show decisively any persistent effect of maternal influence on admit 

body weight after transplantation of ova between large and snail strains 

of rabbits. Differences in weights between the three lines before wean-

ing will therefore be a result of a Joint effect between uterine and mater.-

nol influences on the one hsn4, and genetic potentialities of the indivi... 

dual on the other. 

Differences in the absolute growth of the three lines are evident 

from birth onwards, and after 12 days differences also become evident in 

the relative growth rates of the three lines, the percentage increase in 

the small line being lowest. Both absolute and relative differences in 

growth rate reach a maximum from 3 to 5 weeks and decline thereafter. 

Alsoa  the period of most rapid growth, which Brody (1945) has used as a 

noasuro of the equivalent physiological ago, appears to be delayed in the 

anall line when compared with large and control linac. The differences 

in absolute and relative growth rate which have been described are there-

fore primarily genetic and result from selection for large and small body 
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size. The power of selection to alter body size is therefore repeatable, 

as has been shown by the results of NacArthur (194.4a)  and Falconer (1953), 

in large and anal], mice, and by Goodale (1937) in large mica only. 

The components of growth, i.e. the gain in body protein, water and 

fat, are obscured by measurements of total weight gained. The compoei.. 

tion of the weight increases in the selected lines, and the proportions 

of gain in body weight which can be attributed to protein and to assoc-

iated water (true growth), or to an increase in body fat, will be des-

cribed in the next chapter. 



Table 1 1, 	 Nggg Bod.v 1ieizht in Gram BjX&h to .8I Daaof Po.. 

Large Line () ntrol I4ne () Smell Line () 

Age 4een I1ocn MGM in Males Females 	Litter . I1alea Feiia1ce Litter Males Females 	Litter 
Deys Size  Size Size 

0 1.5410.19 7.23 1,38±0.12 6,7612.2. 1,2210.10 5,28 
(birth) 

12 7,32 6.'71 5.87 5.96 5.07 	545 

21 11011,73 U0 9.111.14. 8.7 6.8±1.09 6.7 

24 14.6 14.1 11,3 10..5 7.5 7.2 

28 19.5 13.3 14,2 12.6 9.3 8.3 

35 27.0 236 18.9 16.3 12.2 10.4 

42 30,0±2.73 25.0 21.211,99 18,1 141±1.99 11.7 

49 32,2 26..0 23,0 190 15.4 12,3 

56 33.6 26.3 24,3 1918 16.4 12.7 

63 34.6 27.7 250 20.5 17.6 13.3 

70 36.2 284 26.2 21,2 18.1 13.8 

77 37.8 29.4 26.8 21.7 1910 14.4 

84 38.7±3.43 30.2 27.4±2,30 22.3 19.4±2.11 14.7 



Table 3, iesri Body. Weight of MaleB fron 21-210 Dnrw of Me. 

Age Large Lino Control Line 'Small Line 
In 

Days Weight in gina. Weight in gins. Weight in gins. 

21 10.2 9,3 5.9 

42 29.6 21.8 12.8 

63 34.2 25.7 34,9 

84 37.5 27.7 36.4 

105 40,6 30.6 17.7 

126 42,7 32,2 1841 

147 44.7 33.8 18.5 

168 : 	 i.e 344 19.2 

189 4894 	- 35.6 19.6 

210 48.7 36.6 19.0 



!ab1e4, (J)4 

Age .âzge"Jth 	. Control Line Small Line 
• in tBflF) (RUG) (RWS) 

Days 

Males Females Males Females Males Females 

0bizth).. 
u12 13, 00 1Z05 usa 

12.21 482 4.48 •5.13 4.38.. 3.26 :3.01 

21-44 .45•• 7.36 6.43 6.26 344 2,34 

24-28 7.21• 7,97 5.70. 448 533 3.55 

2835 4.64 3.62 4.07 3,59 5.76 3.14 

35-42 1,50 0.82 1.64 1,50  2.15 - 1.75 

• 449 L01• Q.53. 1.18. 0,70 17 0.64 

49.P.56 0.64 O39 0,79 0.58 0.91 . c 0.46 

56.63 0,42 0.72 008- 0,48 0,99 0,70 

6370 0,64 0,37 0,50 0.52 06 39 0,51 

7077 0.62. 0,48 0,32- 037 0.65 09'A 58 

77-84 034 0,36 00' 32. 0.36 0636 0033 

84-105 

105-126.: 0.23 ..: 0,24 0.12 

126147 0,22 0,22 0,10 

147168 0422 0.15 0.17 

•168189 0,16 0.10 0,1 

1890 O3 0,14 OolS 

Values of k from 0-84 days for all lines were calculated from 
Series 1. 

Values of k from 84,.210 days for males of all lines were 
calculated from Series 2. 
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CHAPTER 2 

01tCi5S CO.1POSXTION 

Periodic measurements of change in body weight, though of consi-

derable use for routine purposes, are not sufficient to measure true 

differences in growth between lines, for similar growth patterns may 

obscure differences that exist in body (carcass) composition. The 

following analysis - as therefore undertaken to trace any differences 

in carcass composition between large, control and snail lines at differ—

ant ages, the observations being restricted to males. 

Two distinct series of analysis were carried out. In the first 

series numbers of carcasses were analysed for fat and water content at 

three ages, i.e. 6, 9 and 12 weeks, to determine whether differences in 

carcass composition existed between those linesi in the second series, 

the analysis was concerned both with changes in carcass composition during 

growth within a line, and with the differences between large and small 

lines during the growing period. 

Some mice from another strain selected for large body size were also 

analysed for nitrogen, fat and water. This strain (.BL) was completely 

unrelated to the MIF line and was derived as follows. Mice of four Un-

related stocks,. a crossbred derived from Goodale's and I2acP1rthur's large 

strains (Falconer & King 1953)  a stock selected for high lactation 

(Bateman 1954), and two mutant stocks, were crossed and selected for 

large body size. Selection, which was within families, was based on 

weight gained from 3 to 6 weeks of age. The purpose of the analysis was 

to compare carcass composition of two large strains which had been selected 

on similar criteria, 
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2TH0D M7  CARCASS 4ALYSIS 

The annals were killed and bled. The gut was excised without 

removing any abdominal fat or connective tissue 2rom the carcass,. The 

carcass was then weighed 9  out into small pieces, and dried to a constant 

weight at 60°C to 80C, Temperatures below 60 0C were insufficient to 

dry the carcass before it decomposed temperatures above 80 0C were found 

to cause vaporisation of fat. The difference in weight before and after 

drying was regarded as the iater 	of the carcass. The ether soluble 

material of the whole carcass was then extracted in a Soxhiot Extractor 

using petroleum ether (B0 P. 400C to 6000) as solvent, After evaporation 

of the petroleum ether the residue was weighed and this fraction was taken 

to represent parnggg 	. Small quantities of non—fatty acids e.ge 

choloeterol which may be present in the residue as well as fat have been 

ignored in the analysis, 

Tote], nitrogen was estimated in the same carcass by the Kje1dal 

method which depends on the conversion of various nitrogenous Compounds 

into ammonium sulphate by boiling with concentrated nitrogen—free sulphuric 

acid. Subsequent addition of excess sodium hydroxide liberates ammonia 

which is collected in saturated boric acid solution and titrated as 

ammonium borate with acid of known strength, The estimated nitrogen, 

multiplied by the factor 6.25 gives tho protein content of the carcass; 

this factor is based on the assumption that carcass protein contains on 

the average 16 of nitrogen. In the estimation of body nitrogen ., sampling 

errors were reduced by digesting the entire carcass with sulphuric acid, 

and nitrogen determinatIons were made from samples of whole digest. The 

difficulty of obtaining a uniform sample of the carcass for analysia was 

therefore avoided. 
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RESULTS 

Jnalvsioj,. 	at and Water Content at 69,,,an&J2 ijcaLjie in, Jarize, 

ontrol end SmaL.L"ep Mice. 

The mean values for fat and water content of the carcass of mice 

from large., control and small lines at 6, 9 and 12 weeks of age are given 

In Table 5. Altogether, 92 mice were cna].yeed (Table 5), and the data 

was treated statistically. I comparison of the proportion of fat and 

water in the carcass showed that animals in the large line consistently 

had more fat and less water than those of the small line at the three ages 

00,05) 	The porcentag of fat increased with age in both lines but 

relatively faster in the large line, Control animals had a similar 

carcass composition to t4iè small line at the three ages tented despite 

large differences in body weight. 

P,nslysis 2, Protein. Fat and tiater Content,, ,in thercaa iQIn 

LIZ&2_and Small, Lines 	 ar rojJ3 to 107 Ds of M. 

The quantity of carcass protein as well as grams of fat and water 

were determined in this analysis. The carcasses of 31 mice, from the large 

line, and 25 from the small line were analysed at irregular intervals from 

13 to 107 days of age. The mean body composition i.e, the nen amounts 

of protoin, water and fat in the carcass of, mice selected for large or 

small body size using the results obtained from analyses 1 and 2, are 

plotted against age in Figs. 6 and 7. Values for carcass protein, water 

and fat are plotted against carcass weight in Figs. 8 and 9. All data 

is given in Tables 6 and 7. 

The tg&aj , amgMD_tg of each body component will first be considered. 
Total body protein per carcass In mice of the large line shoved an approxi-

mately linear increase up to 40 days of age after which time the rate of 
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protein deposition was reduced. 

Protein formed a constant proportion of the carcass of animals of 

the large line up to a weight of approximately 22 grams, but above this 

weight the proportion of body protein appeared to decline (Fig. 8), The 

increase in carcass water in the large line was closely associated with 

carcass protein and showed a linear increase up to about 40 days of age, 

followed by a decrease after 40 days. The degree of hydration of body 

protein (i.e, the water/protein ratio) decreased with increasing ago 

(Table 6), the decrease being most marked up to 46 days of age. This 

decrease in the water/protein ratio may be due to loss of extra-cellular 

water. In the large line fat was deposited at a slow rate before 35 days, 

so that prior to this age gain in weight was largely duo to an increase in 

protein and associated water. From 35-60 days of age, however, the fat 

content of 'large mice' increased considerably (Fig, 6), and represented 

most of the total increase In body weight during this period. After 60 

days there was a reduction in the rate of gain of body fat. 

In the small line protein was deposited at a slower and more even 

rate over a longer period than in the large line and formed a constant 

proportion of the carcass at all carcass weights (Figs. 7 & 8). The water 

content of mice of the small line was closely correlated with body protein 

as in the large line, increased at an even rate over a longer period of 

time, and was fairly similar to, though slightly lower than, that of the 

large line for identical carcass weights despite large differences in age. 

The degree of hydration of body protein decreased with increasing age in 

a manner similar to that found in the large line. In contrast to mice of 

the large line there was no sudden increase in the small line in the rate 

of fat deposition at 35 days of age, the fat content of the carcass showing 
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a continuously slow but steady rate of increase. The amount of fat in 

the small line was approximately similar to, though slightly higher than, 

that of the large line for identical carcass weights, despite large age 

differences. 

The porcentae. compositions of carcasses plotted against age for the 

large and small lines are shown in Figs. 10 and U. The percentage of. 

protein decreased slightly after aprotiiately 40 days of ago in the 

large line v  whereas in the small line there was little,, if any, change 

in the proportion of body protein over the whole age range (Fig, 10) 0  

The slight fall in Z protein in the large line was largely due to a sub-

stantial increase in body fat (see below). 

The percentage of fat was similar in the two lines up to 40 days 

of age (Fig. U). The substantial increase in proportion of bgdy fat, 

which had already been found in the first analysis from ,6 weeks of age., 

actually began at about 38-40 days of ago. In the small line, the in- 

crease in percentage fat was slight and gradual 0  The proportion of body 

fat and water after six weeks of age l -ace  of the large line agreed 

closely with results from the first analysis; in ,mice from the small line, 

however, the proportion of body fat was lower and the percentage of water 

was higher after 6 weeks of age than found in the first analysis. But, 

at the time of the second analysis, the man carcass weight had also de-

clined in the small line. The decrease in weight at 6 weeks of age be-  
- 

tween the time of the first and second analysis (1.4 gm) was probably largely 

due to a further decrease in fat in response to selection, for the amount 

of decrease in fat (0.51 gins.) was greater than the proportional decrease 

of any other component of the carcass, and represented approximately one-

third of the total decrease in carcass weight. 



The increase in peroentgo fat was in contrast to the decrease in per-

centage water with increasing age (Fig. 11). The percontage of water 

in the carcass was similar  in the two lines until about 40 days, and 

thereafter was less in the large line. As was to be expected, the per-

centage water was negatively correlated with percentage fat (Fig. 11), 

The fall in percentage water found in the large line from 40 days was 

due not only to a decrease in the rate of water deposition associated 

with a reduced rate of protein deposition, but also toa substantial 

increase in fat deposition. To summaries the results of both analyes, 

growth in the large line from ]J.40  days was largely duo to increases in 

protein and associated water, whereas after this age increase in weight 

was caused mainly by fat deposition. In the small line, however, pro-

tein and associated water and fat were deposited at a more constant rate 

during the whole period of growth. 

Analysis Xfl. Cojmariaon otjarcass Goiunoaition,ot Two 8t'ains of 

Mice Selected for Laz'ieflodv $iseo 

Mice of two large strains (CRL and J) were analysed to trace differ-

ences in the composition of carcasses of similar weight and age, and to 

compare their carcass composition after selection for large size on slightly 

different criteria. (Strain CRL included mice of two sub-strains 	and 

CRL . Both were derived from the sane population end selected on weight 

gained from 3 to 6 weeksof age, but gM mice were fed on a'low plane diet, 

and 	mice on a full diet between the ages of 3 to 6 weeks. No signi- 

ficant differences in carcass composition were found between the two cub-

strains, and for the present purposes they will both be designated 

Data ou 'RET carcasses has been given previously in Analyses I and Ii. 

CRL mice were analysed at six and eight weeks f age only; details of 



their carcass composition are given in Tb1e 8 which also includes mean 

values for MW mice at similar ages for comparison. 

Although 2M mice were analysed at 6 and 8 weeks only, their carcass 

weights ranged from 19,2  to 32.5 gms. For similar carcass weights, the 

protein and water content .was higher and the fat content lower in Q than 

in MW mice, 

The mean percentages of fat and water for g& mice of six weeks of. 

age were compared with similar values found in the first analysis for MW 

mice of the some age. The percentage of fat (9.0%) and water (670%) 

in 2M nice differed significantly (P (0,05) from those in 	mice (15.1% 

and 61.2% respectively), 

It was concluded from the above data that for similar carcass weights 

or ages the percentage of protein and associated water was higher, and 

the proportion of fat lower in g& than in 	mice, 

DISCUSSION 

Falconer!s selection programme for large and small body size, based 

on weight at six weeks of age, has altered both the total amounts of 

protein, water and fat in the carcass and also the percentages of these 

components in the carcass. The percentage composition of nice of the 

large and small lines was fairly similar during the period up to 35 days, 

i.e. when most of the increase in weight in both 11n03 could be attributed 

to 'true growth' (protein deposition and bone growth). There was a con-

siderable increase in the amount of carcass fat in mice of the large line 

from 35 days, however, which resulted in a lower percentage of protein 
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and water and a higher percentage of carcass fat in the large than in the 

small, line after this age. Different rates of growth may account for some 

of the differences in percentage composition found between the large and 

small lines 0  in most animals 4  period of Strue growth' is followed by 

further increases in weight which can mainly be attributed to deposition 

of fat e  Iliçe of the small line apparently fail to reach the stage of 

fat deposition, but continue 'true growth! to advanced ages. If the 

percentage composition of mice of the large and small lines are compared 

during the period of !true growth1, the proportion of body fat in higher 

and body protein and associated water in lower in the small than in the 

large line for similar carcass weights although the differences are slight,, 

Some of the differences in carcass composition within a strain can there., 

fore be attributed to different growth rates, so that at any absolute ago 

each line., being at a relatively different stage in development (i,e. 

different physiological age), will have a different carcass compoaition 

Modification of the growth rate by selection has altered the specific 

body composition of the three lines, as well as adult body size, InCressd 

body weight with rapid gains and increased efficiency of utilisation of 

foodstuffs ha often been found to be associated with an in 	in fatness 

of the carcass. 	Palmer gt SIL  (1946) and Dickerson (1947) have studied 

carcass composition in .rs and pign-in pigs-in relation to inherited differences 

in efficiency of food utilisation and rate and economy of gain respectively0 

In two genetically distinct strains of rats which had been selected for 

high and low efficiency of toed utilisation, the low efficiency strain had 

a higher percentage of water, and a lower percentage of fat than the high 

efficiency strain (Palmer 	1946)0 Similarly, Dickerson (1947), 

working on hog carcasses found that increased rate and economy of gain 
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as more largely associated with increased fat deposition than in bone 

and muscle growth., and that by feed requirements and rapid fat dopos. 

tion were positively correlated. 

Growth data abone, based on total body weight,, may therefore be mis-

leading in that similar groith patterns riiay, obscure real differences .in 

the character of the weight gai,a. Falconer made his selection on body 

weight at six weeks of age; at this .ego however, fat is being deposited 

rapidly and protoizz deposition is nearly. completed so that differences 

between animals in protein content may be obscured by variations in the 

amount of fat already deposited. if, however . selection had been made 

at 5 weeks of age p  when fat deposition has. barely commeneedD the differ-

ences in weight between animals would have been entirely attributable to 

differences in protein and associated water s  and heritable differences in 

fatness might therefore have been excluiIed 

It may be t, houevor that body protein is highly correlated with body 

fat p  i,e an increase in protein content of the carcass would be associated 

with an increase in Carcass fat. Selection against carcass fat might then 

be .difficult, The correlations between the body components i, the large 

line (RF) were therefore calculated. Body protein was very highly cor. 

related with body water over all ages (r = 0,99) which wW be expected for 

water is bound to protein in the tissues to mainti osmotic equilibria. 

Body water has therefore.heen used as an index of the total protein oona 

tent of the carcass, In contraat 9  fat deposition is knoui not to be assoc-

iated with an increase in body water. The correlatOfl coefficients be-

tween body fat and body water were found to be +0.04, +0,63 and +0.38 at 

six, nine and twelve weeks respectively. Body fat and body water are 

therefore positively correlated but as body water is almost entirely........ 
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associated with carcass protein it should be possible to select against 

carcass fat, thereby increasing improvement in carcass protein and assoc-

iated water. 

The changes in body components in response to selection for large 

and small body size are as follows:- 

LARGE LII1E 

• Change in Body Change in Body 
Weight from % Change Weight from Change 
Control Mean Control Ilean 

Total change -.5.4 	gins. +6.5 	gins. 

*5jfl change -.1.36 gins. 25.2 +1.26 gins. 19.4 

Water change -.3.90 gins. 72,2 +3.22 gins. 49.5 

Fat change -.0.14 gina. 2.6 +2.02 gins. 31.1 

*Also includes changes in mineral, e.g.,  bone growth 
• (see Tables 6 and?) 

Selection for small size has mainly affected deposition of protein and 

associated water, whereas selection for increased size has had the effect 

of increasing fat deposition as. well as protein deposition. This asym-

metrical response may be a result of selection at six weeks of age, because 

selection for increased body size will be made not only for those animals 

with increased protein deposition but also for thopq animals in which fat 

deposition is accelerated and occurs at an earlier ago. It is conceiv-

able that acceleration of fat deposition prior to the time Of selection 

may be made at the expense of body protein and water. Carcass fat in 

the control line ranged from 6.V to 11$ of the carcass weight at six 

weeks indicating that there was considerable variation in carcass fat in 

the control line upon which selection might operate. Analysis of the 



carcass of control ile prior to six weeks would give the time of de 

position of fat with respect to protein deposition, and it would then be 

possible to. determine whether acceleration of fat deposition in addition 
1 1  

to the amount deposited had actually occurred in the large line. In 

contrast to this, selection for decreased body size has retarded both 

protein and fat deposition with . a, result that percentage composition 

of the carcass of email line mice was similar to that of unselected con-

trols. 

Very little is at present known of the factors causing an asymmetry 

of response to selection, In the strains at present being analysed, 

Falconer (1953, 1955) suggested that most  of the asymmetry in total body 

weight could be attributed to a maternal influence on weaning weight of 

the offspring s, large mothers being of relatively lower suckling ability 

as there was little asymmetry in weight gained from three to six weeks. 

This implies that an increase in fat content of the carcase tends to be 

associated with relatively poor suckling a1Iity which in turn may affect 

the weaning weight of the offspring s  and is in agreement with Dickerson 

(1947) and Dickerson and Grimes (1947) who showed that in sows, suckling 

ability tended to be negatively correlated with rapid fat deposition and 

low feed requirements. 

Strain Differences. in Resnonse to Se1ection .tor Laz'i.e Body Size. 

Strain differences in carcass composition were found between CRL and 

WF mice ORL mice having a higher percentage of protein and associated 

water and a lover  percentage of fat than KIP mice of the some carcass 

weight or ago. Specific body composition is therefore under genetic 

control and capable of modification by selection, although within a 

strain some of this modification may be directly related to changes in 
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the growth rate as described previously. As growth rates in the two 

large strains analysed were similar, the differences found in carcass 

components could not be attributed to differences in growth rate but 

may be due to a number of other factors.. The additive genetic variance 

of the foundation population must influence the rate of progress in res- 

ponse to selection for any character such as body size and the genes pro.- 

sent in the foundation population will affect the nature of the response,  

Falconer's large limo () was derived from a foundation population ob-

tained by crossing four highly inbred lines, two of which were related 

in origin. He estimated that the additive genetic variance not avai.able 

because the foundation population was constructed from four inbred lines 

would be half of the total variation in a random-bred population (Falconer 

1953)0 In the formation of inbred lines, loci that are inviable in the 

homozygote will have been lost; certain genes that are present in an otzt 

bred stock may therefore have been lost in the formation of inbred lines. 

As outbred stocks were used i4 •tbe construction of the foundation popul-. 

ation from which the CRL strain was derived, it contained twice the addi-

tive genetic variance of the foundation population from which the RNF 

strain was derived. A large number of genes for increased body size must 

also have been present in this foundation population for one of the outbred 

strains vas ,a cross.-bred derived from Goodalo' s and MacArthur's large 

strains in which selection for genes increasing body size had already been 

made. The mean body weight in the earlier generations of selection we 

therefore considerably higher in the q.RL,atrain than in the 	strain. 

Moreover, the criteria of selection, although similar, were not 

identical. In both cases selection was made within families but whereas 

mice were selected on body weight at six weeks of age, 	. mice were 



selected on weight gained between three and oiu weeks of age, Animals 

with the greatest weight gain from three to six weeks are not always the 

heaviest in the litter. When selection is made at six weeks of age, 

a considerable proportion of the variation within families nay be duo to 

fat already deposited, for fat deposition is very rapid from  38 to 46 

days. The different criteria of selection may therefore have caused 

differences in the carcass compositions of the two large lines. 

If two lines derived from a foundation population were selected on 

those two óritoria, it would be of interest to compare carcass compo'. 

sition of the two lines af-t some generations of selection. If selec-
tion on total body weight is identical to selection on weight gained from 

three to six weeks,9  the rate of progress in response to selection and 

the nature of the response should be similar in the two lines. LI this 

were not so, a. comparison with the foundation population would show which 

line had deviated most during selection, 

PhysiplqRjcal )nalvsjsjn Relation to 3eleotion. 

Although mean body weight and therefore total amounts of carcass OorTho. 

ponents have been considerably altered by selection for particular .geno.. 

typos, no substantial increases have been made in the percentage of protein  

in tho carcase. Selection for increased body size has in one case main-. 

tamed the proportion of protein in the carcass () but in the M line 

fat deposition accounts for a substantial part of the increase in total 

weight and percentage protein is even slightly decreased. 

If 'true growth' is required, that is, a further increase in body 

protein as opposed to' fat deposition, some other criterion than body 

weight is necessary for the basis of further selection programmes. For 

a selection programme in which iicreaso in body protein is the primary 
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aim, the rate of improvement is unlikely to be maximum if selection is 

made on total body weight and the character of weight gains are not knouflD 

as the present work has shown that the relative amounts of fat, protein 

and water contributing to total carcass weight may differ in selection 

programmes in which the absolute rate of increase in weight is the same 0  

In the application of selection programmes to domestic livestock improve-

ment,, increase in body protein ('true growth') is obviously desirable not 

only for production purposes but because increased fatness may lead to a 

decline in fertility (Lane & Dicklo 1954)0 

Fat and water content can now be estimated in living tipsues by 

measurement of density (Behnke 1942)  and by tracer dilution techniques, 

(Soberman 	1949; Mayer & Hagman 1953)0 The use of such techniques 

in a se?oótion programme might Increase the rate of improvement for carcass 

protein as the variation in weight due to carcass fat will have been 

excluded. It is evident that a method of assessing carcass composition 

on the live animal would be of practical value and might improve the 

efficiency of selection for true growth. 

Artificial selection for a quantitative character such as body size 

reveals genetic variability and alters the mean body size far beyond the 

limits of variation found in the original population. A more rapid ad-

vance in our understanding of quantitative characters might be made if 

selection for particular genes or gone complexes affecting a quantitative 

character was related to basic physiological processes which affect growth 

and through which the 'growth genes' must act. If, prior to selection, 

an investigation was made into some of the more basic physiology associated 

with growth such as time and onset of fat and protein deposition and rate 

and econonr of gain, selection might then be made with reference to at 
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least some of the physiological aspects concerned with growth. A 

character such as increased body size might then be subdivided into 

various physiological units trhich are directly related to increased 

body size, any one of which might aid further selection. 

The present physiological investigation has been srdo at a time 

when differences in body weight between selected lines were already GTP 

tremo as considerable selection had already taken place. There is un 

fortunately, no data on the physiological make-up of the foundation 

population and knowledge of this population can only be derived from the 

control line which was constructed at a later date than the selected 

lines and which, although not deliberately selected, may differ from the 

original foundation population from which it was formed 	Some infoz'zi.. 

ation concerning the physiological differences occurring in response to 

selection for body size has already been presented and further aspects 

relating body size to other physiological processes Will be discussed in 

later chapters,,  



Table 5, theC entdSmL. 

Cazcaas Componento composition , of caicisa  Age in. No. 	of IJ.no Weight Carcass Fat Uater Dj7 Fat Uatei' 1Jook (gme) Loight gas. gms, Non Fat Non Fat 
(gms,) :.y gmse 

6 16 Large 298 . 23.9 3.6 14.8 5.5 15.1,93 16 61.23.12 23.7 
6 6 Control 17,4 1.6 11.6 4,2 9,1 66,4  
6. 11 Small 14.6 12.0 1.5 7.7. 2.8 U.91.86 64j22.65 24,0 

8 6 Control.  26.7 2205 3,2 12 1P9 6.4  13.8 57.8 23.4 

9 10 Large 34,0 28.3 5,8 16.0 6.5 2Q.43.43. 55,92.49 23.7 

9 17 Small 16.8 14.3 2 04 8.6 3.3 16,54.62 •60.34,29 23,2 

12 14 Large 3904 33,4 93 17.1 7,0 27,62,71 50.32,36 21,6 

12 5 Control  31.6 26.6 4.7 15.5 6.4 17.7 58.4 23.9 

12 13 Small 19.7 16.9 21.8 1014 3,7 16.34,81 61.64, 01 22,1 



able(. 	games, 0th,osition of tbeLarig king 
(). 

carcass composition In gms, Coiposition of Carcass 

Age 
(days) 

Weight 
(gins.) 

Carcass Protein 
Weight  

Fat Water Residuo, Protein 1?at Water 

13 
13 

6.8 
66 

6.04 
5.89 

1,12 
1.08 

:.32 
.25 

. 	 4.54 
4.42 

0; 06 
0,14 

18.6 
18.3 

53 
4.3 

75.2 
75.0 19 

19 
8.9 
808 

7.46 
7,39 

1.49 
1,46 

.39 
449 

5.41 
5028 

0,17 
0j  16 

19.9 
19,1, 

5,2 
6,6 

72.5 
71.4 21 

24 
104 0 
12.8 

8,00 
10,33 

1.60 
1.93 

,36 
,65 

5,78 
7.44 

0.26 
0,31 

20,0 
18.7 

4,5 
6,3 

72,3 
72,0 28 

31 
1715 
20,6 

13.51 
15,04 

2056 
2,75 

4.97 
.84 

9,62 
10,87 

06 36 
0,% 18,43   

19,0 7.2 
 5.7 

71,2 
72,3 31 21,5 16.61 3.10 1,27 11,77 047 1.8.7 7.6 70,9 34 

38 
16.6 
27.7 

11,29 
21,09. 

2.10 
31 79 

.69 
2 0 38 

8,03 
13,83 

0,47 
1,09 

18,6 
180 0. 

6.). 
Uj 

71.1 
65.6: 38 26,2 19.61 3.63 1.06 13.16 1.'76 18.5 5.4 67,1 39 

39 
30,4 
29,6 	,, 

23,11 
22.83 

4,47 
4.35' 

2.33 
2,07 

15.43 
15,33 

0.88 
10 08 

19.3 
19.1 

10,1 
9.1 

66,8 
67.1 42 

42 
28.7 
30,7 

23,28 
24,75 

4.12 
4.86 

3,42 
3056 

14.86 
15,44 

0,88 
0,89 

17.7 
19.6 

14.7 
14,4 

63.8 
62.4 42 

46 
30,3 24,01 4.38 3,63 14,90 1,10 183 15.1 62.). 

46 
32.8 
30,9 

26.22 
25.38 

4.73 
4,60 

5.09 
5.11 

5. 144 
15,08 

0,96 
0.59 

18,0 
18,1 

19,4 
20.1 

58.9 
59.4 52 

63 
32,1 25,57 4,58 5.37 16.64 0,98 17,9 21.0 573 

63 34,0 
32,11 
28. 44 

5.68 
4.80 

7,75 
6,72 

17.72 
15079 

0,96 
1.13 

37,8 
17,3 

24,1 
23,6 

55.2 
55,5 63 

66 
3307 28.14 4.55 5 -.49 16,46 1,64 16,2 19.5 58.5 

72 
35.7 
36.9 

30014 
31.93 

5,32 
' 

6,74 
7.02 

116" 02 
17,85" 

1,06 17,7 224 56.5 
76 39.9 32,95 aw 6022 3.8.58 	. 

22.0 
18.8 

.55,9 
56.4 81 35.0 29,20 5.23' 6.04 '16.71 1,22 17.9 20.7 57.2 

84 36..6 31.06 5,25 7.78 16,60 1.43 16.9 25.0 5304 93 39.0 31,24 5.92 5.41 18.43 1.48 1819 17.4 59,0 

Water 

protein 
Ratio 

4,1 
4.1 
3,6 
3.6 
3.6 
3.9 
3.8 

308 
3.8 
3.7 
3.6 
3.5 
3.'5 
3.6 
3.2 
3,4 
33 
3,3 
3.2 
3.1' 
.5.3 
3.,6 
32 

3.2 
3,2 
301 



Qarc4sa Gonponents. in Gym. Composition of Car- ease 

.go Uoight Carcass Protein Pat tfater Rduo Protein Ft Uater Uater" 
(.days) (gms..) Weight :04 x 6,25) 

(gms.) 
S 

 ,nèra18) Protein 
Patio 

14 50 4.42 079 0,35 330 1709 8.0 74.7 42 
14 4.7 4.27 0.79 030 3,10 04 08 18.5 7,1 72,7 39 
1.7 4,2 3,65 0.66 Oi.271 2.78 09 04 18.1 7,4 76.2 4.2 
17 5.1 4.34 '0.79 S .' . 0,42 399 0,04 18,2 8.7 71.2 3.9 
24 .8 4.84 0.96 00 12 357 0.19 19.8 2.5 76.5 3.7 
24 8.3 6,35 1,3.8 0,30. '' 4.67 0,20 18.6 407 73,5 49 0 
27 8.3 6,44 1.36 0,28. 4.66 0,14 21.1 4.4 72.4 3.4 
27 100 8.16 1.53 0.47 5.87 0,29 1.8.8 5.8 71.0 308 
30 8.1 6.36 1,23 0.40 4,58 0,15 3.9,4 6.3 72.2 3.7 

9.7 7.92 1.58 0,44 5,71 0,19 20,,0 5.6 72.0 3.6 
33 11.8 9.76 1.86 09 86 6176 0,30 1809 8,8 70.0 3,7 
35 11.1 8,97 1089 0,63 6,28 0,17 21.1 7.0 70.0 303 
42 13.4 1123 2.15 0991 770 0047 19,2. 69.0 3.6 
42 13,8 11,48 2.28 0.90 7,83 0,47 19.8 

a.
' 
 1 

7. 68.0 3.4 
42 11,2 9,23 '1,80 102. 6,13. 0.30. 19.6 33.1 66,4 3.4 
53 142 12 11 . 	 2.50 0,91 8.16 0.54 20,7 7.5 67.4 3.3 
58 3.7,0 14,77 318 1.30  9.88 041 21,4 , t,8 66.7 3.1 
63 14.5 12,12 232 1.37 ' 	 7,92 0.51 19,:2 11.3 6503 3.4 
66 15.,3 12.62 24,54 1,40 8.11 0.57 20.2 11.1 64,3 3.2 
69 13.2 10.84 2.07 1.10 748 ' 	 0.49 19.1 10,2 66.5 3.5 
74 14.3 11,80 21P  50 1.29 7083. 048 21.2 10.9 66.3 3.1 
84 19.1 16,67 3,50 1,36 116 10 0,71 21,0 8.1 660 3.2 

107 3.5.3 13.65 2,58 2,00 8442 0,63 19,0 34.7 62,0 33 
107 19.7 16.69 351 1.48 10.82 0,88 210 89 64.7 3.1 
127 17.0 14,10  242 1.5 9.17 059 200 0 lu.8. 65.0 3.3 



• Table 8. fl sjtiti ofT (CRL 5J3& 

Caróass Components in : grn . • 	 Co 	oaitión of Carcass. 

Ago in Strain Weight Carcass Water ]?át Protein $ Water 'Fat Protoiz •Uater/Piotein 
Weeks in gins. Weight • Ratio 

C1L 30.3±3.6 23.9±3,1 16,012.1 2.2±0,8 4.63±0.8 67,0±0.9 9,0±1.3 19.61±0.9 3.46 
6  

ENF 29.8 240 • 3., 44 612±3..12 15.113.16 18.5 3.32 

CEL 36.82.5 29.82.1 18.91.1 3.8±0,7 5.9 ±0,5 63.5±1.7 12.6±1,8 19.7 ±0,5 3.19 
8 

RNF 29.1. 16.7' 6.0 5,0 575 20,9 17.3 3.32 
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CHAPTER 3 

THE EFFICIENC! OF UTILISATION OF FOODSTUFFS 

One of the problems in livestock improvement is the development of 

strains of Uveatockvith increased efficiency of utilisation of. food 

into meat or other products. Several workers have shown that the 

efficiency of 'food utilisation may be heritable. The gene 1  tYellow' () 

in mice causes heriditary obesity; these animals require loss food per 

unit of gain, weight gains being largely fat tissue (Dickerson & Gwen 

1947). Strain differences in gross efficiency have been reported in 

rats (Morris gj gl. 1933; Palmer gj al. 1946) who selected two straine 9  

one for high and the other for by efficiency :. oodutiliaation, and 

in swine (Dickerson, 1947; Dickerson & Grimes 1947), Efficiency of 

utilisation of foodstuffs may be partly hormone controlled, for in rats 

it can be related to the amount of.groirth hormone administered, the box'- 

mono stimulating growth and increasing efficiency within limits set by 

the genotype and sex of the animal (Nilson, Palmer & Kennedy 1935), 

Sev0rl criteria have been used to measure the efficiency of utili-

sation of ingested food, The increase in weight in: unit time per unit. 

of food consumed will be called arosa efficiency (WI?) which is a measure 

of the ability of an animal to convert foodstuffs into body tissues. 

Included in this expression and in other measures of efficiency is the 

fooa which is excreted in the faeces, as for practical purposes it is 

desirable that in selection for strains with increased body size, rate 

and economy of gain should be positively correlated. Other factors 

being equal, gross efficiency will greatly increase with increase in body 
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protein as protein is always associated with an increase in body water 

whereas fat deposition is not. It has been shown in the previous chap-

ter that a considerable amount of the increase in weight in the large 

line from 38 days was in fat tissue, whereas In the small line fat was 

deposited at a more oven rate.. as the composition of the weight gains 

in the two lines are dis1milar, an alternative measure of efficiency in 

terms of energy units (Brody 194-5)  has been used, This measure takes 

into account the composition of the weight gains. The energy increase. 

In the carcass In unit time is calculated as a fraction of the total 

energy content of the food consumed, energy being measured in calories. 

This fraction gives the total energetic efficiency. Values of the total 

energetic efficiency  can be derived directly by measuring the energy cone.. 

tent of the food consumed and the energy content of the body tissues. 

These expressions of efficiency therefore use the increase in weight or 

the increase in energy content of the animal over a given period after 

all other requirements included in maintenance costs have been satisfied 

as a moans of estimating the value extracted from the food by the animal. 

Only a small proportion of the food energy Is stored in the body (2..11) 

as against 70-80% used in maintenance and body work (Dickerson & Gowen 

1947). 

The efficiency with which food is converted into body tissue depends 

therefore on the ratio of the energy gain to the energy intake. Many of 

the factors influencing the efficiency of food utilisation will be those 

affecting total energy expenditure such as the energy required for main.. 

tenanco and the energy utilised for spontaneous activity. The mainten-

ance energy requirements include the energy necessary for maintaining the 

basal metabolic rate and the energy expended due to the specific dynamic 
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action of foodstuffs. If maintenance energy is very high as in thyro-

tozicosia, weight gains will fall unless compensated by an equivalent 

adjustment of intakej Similarly, an increase in the energy required 

for body activity will leave less food available for growth unless corn-. 

pensated by adjustment in intake. The building up of excess food into 

body protein or into storage as body fat, must also depend on other fao.. 

tors such as the efficiency of the digestive process and the hormonal 

control of growth.. If little of the excess food is built into body 

tissue (true growth) most of ,the excess will be stored as body fat 

Growth inevitably can only take place if the food substances necessary 

for building new tissues are present in the diet, 

Differences in efficiency of. food utilisation may exist between. 

lines of mice which have been. slected. for large or small ,body size. 

Animals cozsuming more food are generally larger than, those which eat 

less, for with increased consumption the amount of food required for 

maintenance becomes proportionately loss and more can be utilised for 

growth. Differences in growth of large and small selected lines and 

their controls could be due either to Increased food consumption or to 

differences in utilisation of food. The following investigation was 

carried out to determine, the relative importance of those two factors. 

rMTROb 

Two series of experiments were carried out. In the first, measure-. 

merits of food intake and weight of animals were obtained concurrently at 

weekly intervals from 3-12 weeks of age in males and females of large, 

control and small lines. Two or three mice were housed per cage in 

clean cages containing no bedding material. The mean values for 'food 

intake and weight of animal were calculated for each line, though 
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variation within each line was obscured by this method. The food spilt 

had to be, weighed at two-day intervals because it was found that a large 

error (lOs) would have been introduced had this been ignored. All mice 

were fed ad libitum on stock diet from normal food hoppers; this food 

was analysed for protein, fat and water using the methods. for the anal-

ysis of carcass components described in the previous chapter, from the 

mean values of food consumption and associated weight gains, values for 

total and energetic efficiency were calculated, 

In the second series, a more detailed study of food consumption and 

associated weight changes was carried out over an age range of 3-6 weeks. 

At this time differences in growth rate between selected lines are at a 

maximum (Chapter 1), In contrast to the first experiment, ,mice were 

housed singly on wood-wool bedding,and food consumption, body weights 

and food spilt were recorded at two.-day intervals. Genetic differences 

in appetite or food consumption both within and between lines could be 

measured in this experiment,. As before, mice were fed 	libitum on 

stock diet, 

SULTS 

MOan values for gros èfficieny (We) for males and females of 

large, control and small lines at weekly intervals from 3-12 weeks are 

plotted in Fig. 12, and given in Table 9. Gross efficiency was generally 

higher in males than in females of the same line, the sex diCference being 

most marked from weaning to eight weeks of age. Gross efficiency de-

creased markedly from weaning to eight weeks of age in large and control 

lines but shoved very little change after this age. This decrease must 

be a result of the increasing maintenance energy required as the animal 

grows larger coupled with a decreasing growth rate as the animal reaches 
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maturity. In contrast to this, gross efficiency in the email line 

remained constant or actually increased in males up to five weeks of 

age end .decreased after this age. The difference between lines prior 

to 5 weeks will be discussed when gross efficiency from 3-6 weeks is 

dealt with in more detail in the second analysis. Gross efficiency in 

the sinail line was significantly higher from 5-6 weeks of age than that 

found in control and large lines during this period. Several factors 

may explain this difference. Firstly the body weight of the small  line 

is considerably less than that of large, and control lines at six weeks of 

age and therefore the energy required for maintenance (i.e, maintenance 

of the basal metabolic rate) in large and control lines, will be very much 

higher than the maintenance requirements of the smell line. Secondly, the 

composition of. weight gains during this period are very different; in 

the large line weight gained from 35 days is largely fat tissue (see 

Chapter 2) which has a much higher calorific value than protein (9.45 as 

against 5.65). These differences in total energetic balances will be 

obscured when calculations are based on total weight gained, 

Analysis of food intake and weight increases of males from all three 

lines from 21-43 days at two..c1aj intervals gave more detailedinformation 

concerning changes in efficiency of food utilisation prior to six weeks, 

that is, during the period at which growth was occurring most rapidly. 

In this second analysis gain in body weight expressed both cumulatively 

and per two-day intervals are given in Table 10 together with values of 

efficiency derived from these measurements, Food intake was highest in 

the large line, intermediate in the control line and lowest in the small 

line at all ages from 21-43 days (Fig. 13). Results obtained in this 

experiment were similar to those obtained from the first experiment. 
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Up to 33.daye of ago gross efficiency was higher in the large line than 

the email line, controls being intermediate (Fig, 14). The increase in 

gross efficiency from 23 days in both small and control lines may be duo 

to compensatory growth after an initial seth-back caused by weaning, for  

factors affecting heat loss such as individual housing of exporimontal 

animals will have a groater effect on ;small animals. The rate of heat 

loss may affect growth . and therefore efficiency measurements. As found 

in the first experiment, .:roso etTicezoy decreased with increasing age 

and the greater gross officienoy of the small line from 3543 days, pr 

viously discussed, again occurred. 

Because gross efficiency . obscured real differences in composition 

of weight, gain total energetic efficiency was also oalcul4ted. The 

food was analysed for fat, protein and water using the methods described 

in Chapter 2, and the percentage composition of each component in the 

food was obtained directly except the percentage of carbohydrate which 

was obtained by subtraction. The composition of the food (dry weight) 

used in these experiments is given in the following table. 

Table 11. Pexcentae Conmositign of the Foq 

C0MP0EIELT8 . 	DRY HEXQIIT 

Ash 	 8.24. 

Protein 20,95 

Fat 4,98 

Carbohydrate . 65,83 

The calorific values of the food (dry weight) was calculated from the 

percentage composition given above using the conversion factors 4.10 0 . 

9.45 and 5.65 Calories per gram, which are the . average heats of oxidation 
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obtained by combustion in a bomb calorimeter of carbohydrate, fat and 

protein respectively (Wddoweon 1955). The calorific value of the food 

was calculated to be 4.35 Calories per gram. 

The calorific value of the carcass of large and small lines at differ-

eat ages was derived from the figures for carcass fat and protein in the 

second analysis of carcass components given in Chapter 2, and converted 

into energy units using the conversion factors for tat and protein quoted 

above. Carbohydrate in the form of glycogen is stored in small quantities 

in the liver and muscle cells, but can be ignored for the purposes of cal-

culating the energy content of the carcass due to the relatively large 

quantities of protein and fat. Calorific values of the carcass of large 

and email line plotted against weight are shot-m in Fig. 15 and Table 12. 

In the small line there was a steady increase in calorific value of the 

carcass whereas in the large line the calorific value of the carcass showed 

a more rapid increase during fat deposition, i.e. above a weight of 25 

grams. 

Total energetic efficiency in large and sinail lines was calculated 

for two-day intervals from 21.43  days as follows. Gain in weight for 

each two-day interval was translated into energy changes from the mean 

curves plotted in Fig. 13. The calorific value of the food per gram of 

dry weight was multiplied by the moan amount of food consumed per two-day 

interval to calculate the total food consumed in energy units. Values of 

total energetic efficiency, i.e. the ratio of the energy gain in the 

carcass divided by the food consumed in energy units, are given in Table 

13. Total energetic efficiency was also calculated from 6.-12 weeks using 

the data from Series). and these results are also included in Table 13. 

Total energetic efficiency was higher in the large line than in the small 
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line up to approximately four weeks of age. From four to just. under six 

weeks of age, energetic efficiency in both lines was very similar which 

may be due to increased maintenance costs of the large animals as cite-. 

cussed previous3.y. From about 39-84 days of age, energetic efficiency 

was again generally" higher in' the large than'themaU line. This differ-

ence which"was obscured in measwementa of gros efficiency, raay' be attri-

butable to differences in the composition, of weight gains and the higher 

calorific value of deposited fat. Differences hr energetic efficiency 

between the tgo"lines were apparently controlled by two factorss in 

young aimals. by differences in growth-rate and in older animals by 

differences .i.n fat deposition. 

DISC1JSSIO1  

Selection for body size has altered both the total quantity of food 

consumed and also the efficiency of utilisation of foodstuffs. Nice of 

the large line consume a greater quantity of food and use it more effic-

iently for growth purposes than those of the small line, particularly from 

3-4 weeks of age, . greater gross efficiency in the large line is to be 

expected on the assumption that the energy required for maintenance will be 

reduced per unit of food consumed when the growth rate is high.. But as 

animals of the large line. ncreaee in size, maintenance requirements will 

also be increased so that their gross efficiency declines and is similar to 

that of the 'small line from approximately five weeks of age. 4ce of the 

small line, with' a lower growth rate, eat less food and have a lower gross 

efficiency. Selection for small body size is therefore correlated with a 

decrease in total food intake and' a lowering, of the efficiency with which 

foodstuffs are converted into body tissue. When selection is applied to 
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1ivetock improvement, both increased size, and economy of gain are cb, 

siz'ablo as in the large line. Morris. 	, (1933) ar4 Palmer . . 

(1946) selected for high or low efficiency of food utilisation in rats 

and found them to be associated with an increased or decreased body 

ieight respectively." Efficiency of food util -lsaion and appetite. tiori. 

fore. appear to be gene controlled and, capable ofmcdification by.ce1ection, 

changes in efficiency and appetite being positively correlated iith changes 

in growth rate... 0 	
0, 

Energetic efficiency is a truer measure than goss efficiency of tho 

ability of an animal to convert foodstuffs into body fat. To measure 

energetic .efficiency the total quantity of each component of the weight 

gained is estimated end multiplied by its calorific value per gram,, (i.e. 

fat z 9,'45, protein z 5.65) vhich stresses the weight increments due to 

fat. In contrast, the qualitative differences in weight gains are not 

reflected in measurements of gross efficiency because the measure used is 

total body ueigbt. Gross efficiency is a truer measure of the efficiency 

of animals to convert foodstuffs into body protein, for body protein is 

Very,  highly correlated with body water which In turn is the major com-

ponent of the carcass (See Chapter 2). An increase of one gram of body 

protein will therefore be associated vith an increase of 3.4 grams of body 

water. Gross and energetic efficiency are therefore indications of two 

different aspects of growth. 

In terms of energetic efficiency,, the large line is generally more 

efficient then the small line. Up to four weeks of age the greater 

efficiency of the large line can be attributed to differences in grouth 

rate, as iaa shown In measurements of gross efficiency.. Between 4  and 6 

weeks, however, energetic efficiency is similar in both lines; the relative 
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growth of the ,large.line begins to decline during,thie period and, the. 

maintenance requirements due to increased body size will be higher than 

those of the small, line, Although relative growth rates are. fairly 

similar after apprgxin.tely, six weeks of age, fat, with, a higher. calorific 

vale than protein,, accounts for a large proportion of the weight increases 

in the large line and this. is reflected in a higher energetic efficiency 

in the large than in the email line after this age. 

Comparisons of gross and energetic efficiency are complicated by 

the fact that physiological. ao must influence, efficiency measurements. 

Differences in efficiency between species and between in.dividuals of one 

species at different, ages will depend to some extent on physiological age, 

as the older the animal, the greater the maintenance cost in comparison 

with the total weight gained per unit time. 

Some information on the various factors relating to efficiency of 

food utilisation in large and small lines can be obtained, and some of 

these factors such as digestibility Of foodstuffs, protein balances, total' 

energy expenditure and body activity will be discussed in the next chapter. 

9 



Table 9., 	Gross  EffjjencoLLarie,. Control cm 	.Smalt Linea 1-12 uwjM of AM* .  

Line Sex Uo, ii Ago in Ueeka 
961O 1Q.0 .11.12 

1S1O 15 	. .262 '.127 .0.33. .O44 •033. 	413 .025 .021 .020 Large . S  

Female 19 .194 .108 .029 .021 .010 	,035 .008 .025 .024 

1a1e 18 
1? 165 .118 .059 .048 .036 	.020 .020 .013 .019 Control . . .. 

Female 24 	. .142 ..10 .050 . 027 022 023 oxa .013 .016 

Male 26 098 .122 .,091 ,049 32.035 G24 .022 .029 .  Small . 

Wemale 17 .088 .090 .061 OR u,,010 	.023 .018 	. .022 .022 



Age in .  D 

21 	23 25. 27 29 31 33 35 37 39 41 43 
Body Weight in gms.. 12.11.3.9 16.1 18.5 21.2 23.4• 25.1 26.6 27.5 28.4 29.3 29,6 

Food, Intake in gas.. at 7.6: 8.8 10.2 11.7 12.8 13.3 13.6 '  13.6 13.5 	' 13.3. 33.2 
Large 	each 2.-day interval 

Food Intake (umulatjve) 7,6 16.4 26.6 38.3 51.1 64.4 78.0 91.6 10,1 118.4 131.6 
Gross Efficiency 0237 .250 	.235 .231 .172 ,129 	.110 .066 .067 .0 53 .039 

Body Weight in gins, 9.6 10.8 32.6 " 4.4 16.4 178 19.0 20.1 20.8 '.21.4 	' 22.0 22.4 

Food Intake in gins. at' ' 	 6.? 7.4 ' 	 8.8 :9o3 10,4 ':U.6 11.2 '10.7 10.8 11,3 
Control each 2.-day Interval 

Food Intake (cumulative) 6.7 34.1 22.9 3242 42,0 524 64.0 75.2 85.9 96.7 108.0 

Grossfficioncy .179 .243. 	.205 .215 .143 .115 .095 0063 .056 056 .035 

Body Weight in gins. 6,7 	7.0 707 8.3 9,3 10,0 1047 U. 5 12.4 12,9 13.6 14,0 

Food Intake ii gms. at 4.9 4.6 4.5 5.5 6.3 6.2 6.8 6.7 792 7.5 7.8 Small 	each'-2-day Interval  

Food Intake (cumulative) 49 95 14,0 19,5 25,8 32,0 38.8 45.5 52.7 60.2 68.0 

Gross Efficiehcy 	' .%1 6152 .133 ,,. .482 411 313 	.'.U8' ,.434 .069' ,093 .077 
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Large 

Age Weight 	Calorific Value Age Weight Calorific Value 
(days) (gms,) (Calories) (days) (gins.) (Calories)'": 

13 6.8 9034 14 5,0 7.77 
6.8 8.46 4,7 7,30 

19 8.9 12.08 17 4.2 6.28 
30 8 12.86 5.1 •. 	8.44 

21 10,0 12.44 24 5.8 ' 	 6.57 
24 12.8 17,05 83 9.49 
28 17.5 239,61 .. 	27 8.3 1002 
31 20.6 23.67 10,3 12.98 

21,5 	' 290 50 . : 30 8.1 1001 
34 16.6 17,37 33 9.7 13.06 
38 27,7 43.90 11.8 18.50 

26.2 30,53 35 1111 16,61 
39 30,4 47.31  

29.6 4444 42 13,4 20,75. 
42 28.7 55.60'' , 134 ,". 	 21.35 

30.7 61,10 11.2 1940 
30.3 	' 59.05 	' 

. 	 53 34.2 :'' 22,70 
46 32.8 74' .82 58 17.0 30,25 

30,9 	' 74.28 	. 63 14.5 26,05 
52 32.1 76.63 66 150 27.85 
6 - 105.33 ' 69 13.2 ' 	 22.10 

34,0 90,62 74 14.3 26,30 
33.? 77.59'. 15.6 29,35 

66 35,7 93.75. 84 . 	 19.1 32.65 
31 35.0 	' 86.63 ' 107 15.3 
84 36.6 3.03.18 19.7 

33
* 
50' 

33.80 
93 39.0 	' 84.57 " 127 17.0 ' 	 30,30 	" 



Age 

Energetic " 
Efficiency 

Large 

Table 13. 10141 Energetic Efficieney of' Large end Smell Lines from 21-84 Days of Age. 

2Dy Intervals 	 Weekly Intervals 

21.23 23i..25 25.27 27.29 29-.31 3133 33.35.  35.37 3739 3941 41..43 42.49 49.56 56a.63 63.70 70.77 7784 

.065 .074 .081 .078 .085 .070 .079 .061 .073 .062 065 	9 049 9.076 .030 9 046 9.02 ,01' 

Small 	4011 .Q4 .066 .103 .066 .078 	.085 .046 .069 •037 	.038 .023 .022 .015 .009 •0() 



AGE IN WEEKS 

Figure 12. Gross efficiency of large, control and 
small lines calculated for weekly in-
terva].s from 3-12 weeks of age. 
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Figure 14. Gross efficiency of large, control and email lines 
calculated for each two-day interval from 21-43 
doyc of age. 



100 	 Large 

Small 

90 

•0 

70 

60 

50 

10 • 	
: I 

BODY WEIGHT IN GRAMS 

Figure 15, The relation between the calorific value 
of the carcass and total body weight. 
(Values were derived from data in Tables 
6 and 7 in which the total amounts of 
protein, fat and water in the carcass 
were determined), 
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CHAPTER 4 

ASPECTS OF THE IETABOLISM OF 4ICE SELECTED FOR LARGE OR SMALL BODY SIZE 

Nany factors will influence the efficiency of food utilisation (i.e. 

weight gained per gram of food consumed) in large and small lines, and 

data on three of these factors will be presented in this chapter. First, 

experiments to determine the tote], proportions of fat, protein and carbo-

hydrate absorbed from the gut, i.e. the digestibility of foodstuffs, will 

be described. Secondly, the total energy expenditure has been deter-

mined. Finally, the activity of mice of the two lines was measured to 

estimate whether the energy spent in activity was the same in both large 

and small lines. These three factors will affect the efficiency with 

which an animal con verta foodstuffs into body tissue. 

The digestibility of foodstuffs was found by determining the totel 

quantities of the fat, protein and carbohydrate consumed in the food and 

subtracting from these the total quantities excreted in the faeces. The 

studies wore made to compare the percentage of the energy in the food 

available for metabolism in large and small lines. The amount of 

urinary nitrogen was also determined so that the total protein metabolised, 

and therefore the nitrogen retention in the body, could be estimated. 

The relation between energy expenditure (energy metabolism) and body 

size has been studied by a number of workers. An extensive survey of 

comparative basal metabolism in mammals was made by Benedict (1938) who 

showed that heat production was positively correlated with weight within 

a species, but that differences existed between animals of the same weight 

in different species. Benedict and his co-workers also showed that there 



were considerable deviations from the surface law (i.e..heat production 

is proportional to the two-thirds power of body weight) in worm-blooded 

species. A more recent survey has been made by Zounthen (1947 9  1953),. 

relating oygon uptake to body size in invertebrates, Expressing his 

results as respiration per unit nitrogen and respiration per unit weight 9  

he confirmed Benedict s work and found that the percentage decrease in 

metabolic rate for a certain increase In body size was not a constant 

value, iThile much work has been done on interspecific comparisons 9  re-

latively few intraspecific comparisons have been made. Energy expendi-

ture within a species can be influenced by size genes. Hereditary obese 

mice have an increased efficiency of food utilisation over normal litter 

mates which is partly duo to a decreased energy expenditure (Dickerson & 

Gowen9  1947). In a strain of rats selected for a low efficiency of food 

utilisation9  the basal metabolism was higher and the body temperature 

lower than in a strain selected for high efficiency (Palmer . 1946), 

The large difference in body size between Falconer's selected lines pro 

vidod acoUont materiel for a study of the energy expenditure of large 

and small lines within a species. 

The measurement of the metabolism of mice under 1 basalQ conditions 

is difficult and unnecessary if replaced by measurements under U  standard° 

conditions, i.e. under conditions as normal as possible (Barbour & Trace 

1937 Dower C newton 1948a). The total energy expenditure of mice from 

large and small lines was therefore determined under standard' conditions 

to provide information of the relation between energy. expenditure and the 

rate of growth. 



I. The Diotibi1ity of Foodøtuffg and Totil Enerj- penditure of 

Lerp and Small Lines,: 

The total food consumption and the excreta, and the carbon dioxide 

and oxygen exchange of mice were measured over periods of approximately 

24 hours and under óonditions as normal as possible. Measurements were 

made using mice from large and small lines at various ages from weaning 

to maturity. The open circuit apparatus used (designed by Dewar) was a 

modified version of that of Haldane (18924 though including many of the 

modifications of Dewar and Newton (1948a). The open circuit design has 

the disadvantage that oxygen consumption is determined indirectly by sub-

traction, but has the advantages of greater simplicity of design and con-

struction. A general plan of the apparatus is given in Plate 1, The 

mouse was housed in a cylindrical chamber (14) which was enclosed in a 

wooden box maintained at a constant temperature (25 0C) by means of a 

thermostat and an electric heating bulb. The cylindrical mouse chamber 

and its screw top were both made of perspex. The lower end was funnel 

shaped and was fitted with a urine collection tube (T). To ensure that 

the chamber was completely airtight, a thick rubber band was stretched 

tightly round the screw joint. The internal construction of the mouse 

chamber is shown in Plate 2, The food box was designed to admit only 

the head of the mouse so as to reduce spilling to a minimum. Powdered 

diet was fed to mice of the large line for it was found that these mice 

pulled whole cubes out of the food box, the food becoming contaminated 

with faeces and urine. The design had to be modified for small mice, 

however, for they could not be prevented from entering the food box and 

nesting in it, even though the entrance was reduced in. size. They were 
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therefore fed with stock diet cubes in the food box illustrated in Plate 

3, any food spilt being collected in the retaining trough. 

Air was dram through the apparatus by the filter pump (P); the 

rate of flow, which was recorded by the flow moire (F) and controlled 

by a screw clip on the outlet valve (0), was adjusted to between 300-400 

mis. per minute. Carbon dioxide and water were removed from the incoming 

air before entering the mouse chamber (14) by the absorption tubes 1 and 2. 

To prevent ihe air passing through the mouse chamber being comp1etelr 

dry and so possibly injurious to the health of the mouse 9  a known quantity 

of water was added to the incoming air by bubbling it through tube X. 

Air leaving the chamber was passed through absorption tubes 3, 4 and  5, 

to absorb the carbon dioxide and water given out by the mouse. 

The absorption tubes used were glass U-tubes fitted with grund 

glass tapstihich were made up as follows. 

TUVE PACKING 	 PUBP0S 

Tube 1 	Soda Asbestos* 	 To remove carbon dioxide from the 
4-.10 Mesh (Carbosorb Brand) incoming air. 

Soda Asbestos 10.14 Mesh 

Tube 2 Magnesium Perchlorate 
(Anhydrone) 

Tube 3 Magnesium Perchlorate 
(Anhydrono) 

Tube 4 Soda Asbestos 
4-10 Mesh  

To remove water from the incoming 
air. 

To remove water from the air bay-
ing the chamber, 1 absorption 
tube was found to be sufficient. 

- To remove carbon dioxide from the 
air leaving the chamber. 

Tube 5 fr Soda Asbestos 10-14 Mesh 	To remove any CC} not absorbed by 
Tube 4. 

Magnesium Perchlorate 	To absorb any water lost from Tube 
4. 

*Soda asbestos has been shown to be the most efficient reagent 
for the:  absorption of CO2. 
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A tendency for the proximal elide of the carbon dioxide and water abcorp-. 

tion tubes 3 and  4  to become partially blocked was overcome by packing 

soda asbestos or magneoium péreblorate around Line glass tubes of yarying 

lengths. 

The faeces were removed from the grid and dried to a constant weight, 

the faecal nitrogen being determined by the micro..Kjeldah]. method. 

Faecal nitrogen was converted into faccal protein by multiplying by the 

factor 6.25 	The fioó, of the funnel and grid vèrö carefully washed 

with water and these washings added to the urine which was then made up. 

to a definite volume and filtered, The nitrogen content of the urine 

was determined after filtration by the miàro-.Kjeldah]. method. The fil-

trate which contained the food spilt vaapighed after drying. 

When. posible, the mouse was kept in a similar chamber to the ex- 

poxiniental ohmber for the day previous to the experiment in order to 

become accuótorned to the apparatus.. Before. all determinations the ápper-. 

atus was checked' tS ensure that it was completely airtight. All weights 

recorded were made to the nearest milligram; details of the weights re 

corded are given on pages 49. 51, together with data calculated for a Oom 

plete 24 hour experiment, 

The accuracy of the apparatus âan best be assessed under nbrmal work—. 

ing conditions by the equation given belov although this equation inc].uds 

oxygen uptake which is determined indirectly. 

Sum of ingesta (Oxygen + water + food consumed)'— sum of the excreta 
(carbon dioxide + water + faeces + urine) — weight change = 

The experimental error, (i.e, the discrepancy between the observed and 

calculated weight change) was calculated in 28 experiments. The error 

was then expressed as a percentage of the total ingeata. The mean-per- 

centage error was found to be 1.56$. 
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M2RDED DATA POR 03E COMPLE JXPERfl1ENT 

Hater entering ohambar 
= 2.878 gins, 

Hater absorbed from 
chamber = 8.511 - 2.878 
S 5.633 gina. 

3.291 Total. 002 = 3,76 
.47oj gins. = 1.915 litres 

5.245 gins, food eaten 

.110 gms food spilt 
Total food ingested = 
5.135 gins. 
= 4,527 gina, dry weight 

I5ater consumed = 5,061 gins. 

+ 0,539 gins, urine 

Initial wt, mouse Average 

	

= 17.457 gins. 	ut. 

	

Final u, mouse 	17.879 

	

= 18,302 gins, 	gins, 
Change in wt. = +0.945 gins. 

6.559 gino e  weight loss 

Initial. 	Final 

	

•Qbserration 
	

Observation 

Age of mouse 
	

29 days 
	30 days 

Hater tube X 
	

48.028 gins. 	45.150 gins, 

Absorption tube 1 	116.070 gino. 124,581 gins. 

Absorption tube 2 
	

122.551 gins. 125,842 gins. 

Absorption tube 3. 	126.061 gina, 126,531 gins. 

Food box + Food 
	

56.686gma, 	51.441 gins, 

Food spilt 

Water bottle 
	

15,163 gins. 	10.102 gins. 

Urine tuba 
	

7.899 gins, 	S. 438 gns, 

I4ottse in holder 
	

54,720 gins, 	55.530 øo 

Holder 
	

37.263 gins. 	37,228 gino. 

!)MJ 

Total uaight of 
chamber including 
Mouse Food & 
Water supplies & 
Urine tube. 

17.457 gins. 

336.309 gus. 

18.302 gins, 

329,750 gins. 

Temperature 
	

259 0 .  

Time 
	

10.45 a.ni, 	11,02 a.m. 	Duration 24.28 hours 

Fiov/minute 
	 350 mis. 

Oxygen consumed 
	

= (5.633 + 3.761) - 6.559 = 2,835 gins. = 1.984 litres, 

=.iii.= 
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Total weight of 
faeces 	 24,150 gins. 

Dry weight of 
faeces 	 = 1,811 gins. 

Faecal nitrogen 	= 0.077 gins. 

Urinary nitrogen 	= 0.064 ginse 

irotejnjnetaboiism 

Calories from protein 0.064 z 30. 59  Cala./g. = 1.957 

CO2  from protein . 0.064 x 	5.548 1.1g. 	= 0.355 1, 

02 from protein = 0.064 x. 6.639 1.1g. 	= 0.425 1, 
1 fl 	- 	- 1.91 

	

AOL,cLL. I1.
(
. - 	- 	

- 
 1 

= 
215

= ____ 
=1.000 

:: : 
Calorific value 02 at this R.Q. S 5,047 Cala/1. 

Total beat expenditure (,'559 1. z 5.047 Gals/i,) + 1,957 Cal. 
9.824Cals. 

9.712 Cala./24 bra. 

Average metabolic rate = 	 .543 Cals/gni/24 hrs. 
17:879 

• 42tabo1ic rate = 1.183 Oa1a./0173/24  bra. 

Foodatiffa ineatd 

Dry food eaten 
''! 	 ': 

11itrog9n ingested = 4.527z 0.034= 0.154 gins. 

Fat ingested = 4.527 x 0.050 	0.266 gins. 

Carbohydrate ingested. 4.527 x-0.658 = 2.979 gins. 

Foodstuffs lost in faeces 

Weight of dry faeces 1.811 gins, 

Faecal nitrogen 	= 0.077 gins. 

Faecalfat 	 1.811x0.0240.043gms. 

Faeca3. carbohydrate 	- 1.811 x 0.578 - 1,046 gins. 

*The high R.Q. is probably due to conversion of carbohydrate into fat. 
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Foodstuffs absorbed from mxt 	 %. of total absorbed 
from Mut 

Nitrogen absorbed 	= 0.154-0,077 = 0.077 gins. 	50,00 

Fat absorbed 	.. = 0.226.0.043 = 0.183 gins. 	80.99 

Carbohydrate absorbed. .2979-1,046 = 1.933 gins. 	64.90 

Nitrogen balance 	.0,154i.0007709064 = + 0.013 gins. 

Weiizht balance 	 = (02 + food + water consumed) (water from 
mouse chamber + CO2  + moist faeces + urine)- 

= (2.835 + 5,135 + 5.061) -(5.633  3.761 
+2.150 +,0,539) .0,945 

= 0.948.*0p9450003; 

Error 0023% 

Qalculati.onfi. The following oa1eu1atons were based on those used by 

Dower & LTouton (1948a), The energy associated with the metabolism of 

protein, together with the associated carbon dioxide and oxygen equivo-

lentaI wore calculated from the urinary nitrogçn. The equivalents used 

were those calculated by Dover- and Newton (1948a) in which the metabolism 

resulting in]. gin, of urinary nitrogen., was, considered to require 6.639 gin. 

Oxygen.viththp, output of 5.548  gin, of carbon dioxide. The oxidation 

equation from which the above. oquiva1nts are obtained are necessarily 

appoidinatious. The energy equivalent of one gram of urinary nitrogen 

was taken to be 30,59 Cals./gni. (Kriss. & Miller 1934),  The total res- 

piratory quotient, :or.oQ., (litrea 	) was, determined;  and by sub. 
litres 02 

tracting the oxygen and carbon dioxide of protein metabolism from the 

total oxygen and carbon dioxide exchange', the non-protein R.Q.could be 

calculated. Zrom the non.protein R.Q., which is calculated to the third 

decimal place, the calorific value of. the non-protein. oxygen was derived 

using an extended form of the... Lusk-Zuntz and Schumberg Tables (Lusk 1924). 

IV 

CO 



The total energy expenditure, and therefore the metabolic rate per init 

weight, can then be calculated, using the average weight of the mouse 0  

from the initial and final weights. 

Food intake was calculated on the basis of dry material. The pro-

portion of the total foodstuffs digested (total digestibility) was deter-

mined in each experiment as well as the digestibility of the constituent 

foodstuffs fat, protein and carbohydrate. Digestibility was estimated by 

determining the difference between the intake level and faecal loss and' 

expressing this difference as a percentage of the intake levo]., 

Faecal protein was determined concurrently with all measurements of. 

energy expenditure. Due to the small quantities of fat in the faeceo, 

feecal fat was obtained from an analysis of the faeces collected from a 

group of mice of the same line fed on the same diet. The main disadvan-

tage of such a method is that the composition of the faeces may vary be-

tween different mice. Dower and Newton (1948a)havè estimated, however, 

that the error involved in 'the eatithationa df digestibility would be small. 

In some experiments,' nön-.protein fLQs of greater than 1 were oh.. 

served,, indicating conversion of carbohydrate to fat. The additional 

energy expended in this conversion was estimated from the 'excess COB' 

using the factors dérve,d by Williams,' Bicha and Luck (1912) from th& 

hypothetical equation of B1ei1treu (1901) 

RESULTS. 

An513r5i5 gL rood and faecea, 

The food used for these experiments was stock diet, details of the 

method of analysis having been given in Chapter 2. The composition of 

the food, estimated as a.percentage of the dry weight, was an follows;- 

Protein 20.95 	Fat 4.98% Carbohydrate 65,83% AA 8,.24 



The calorific value of the food was 405 Calories per gram (for further 

details see Chapter 3). 

The composition of the faecal fat and carbohydrate was determined on 

faeces collected from a group of mice fed with this stock diet; the faecal 

protein was determined separately in each 24 hour experiment. The average 

composition of the faeces was determined assuming that nitrogen represented 

protein, and the total ether-soluble material represented fat; the faecal,

ash was also determined. Faecal carbohydrate was then obtained by sub-

traction. The faeces of mice of both large and small linea' of. different 

ages were analysed, protein in animals from weaning to 12 weeks, and fat 

and carbohydrate at three and six weeks only. It was found that the per-

centage of the various components of the faeces were 'similar at all ages 

within each line; all determinations of percentage composition of the 

faeces within a line were therefore 'combined 	The composition ofecea 

expressed 'as percentages of the faecal dry'  weight ere as follows 

Table 14.  Commosition oLthe Faeces 

$ Ash 	Fat 	Protein % Garbo-. Calorific value 
hydrate 	of faeces 

Small line 16.561,02 3.431.55 '27.983089 5303 	4,08 

Large line 16251228 2.39±0.22 23J7*2.96 57.79' 	3.93 

The percentage: of protein was significantly higher (P <.O1) in the small 

than in the large line 0  ,•me percentage of tat in the faeces was higher 

and the percentage . of carbohydrate lower in the small  than in the large 

line though differences in the percentage fat were not significant. The 

calorific value of the faeces '(Table 14) was calculated using the factors 



410 9,45 and 5.65 calories per gram, for carbohydrate, fat and protein 

respectively. These factors are the average heats of oxidation of the 

three foodstuffs in a bomb calorimeter and do not take into account any 

foodstuffs absorbed from 'the gut V  which areS excrétèd unchanged in the urine. 

Dieatibility of foodstuffs. 

The total dipes&ibillty of food for each twenty-four hour experi-

ment was determined from the measurements of the food consumed and the 

totel faeces excreted. ': From the doterminations'of the calorific value 

of the food consumed and the calorific value of the faeces, the energy 

intake and the energy loss in the faeces could also be found for each 

24 hour experiment and the ealorific jgstibilitv calculated. Total and 

calorific digestibility appeared to be unaffected by the age of the animal 

and a mean value for the two digestibilities has therefore been calculated 

for each line. The results are given in Table 15 

Table 15. Total and Calorific Digestibilitiv 

No. of 
	

Total 
	

Calorific 
determinatios 
	

digestibility 
	

digestibility 

Small line 
	

26 
	

64./2 1.46 
	

67.63 1609 

Large line 
	

21 
	

62,82 IR 083 
	

66.971 2.70 

Despite large differences in food intake, and therefore in calorie intake 

(see Chapter 3), the total and calorific digestibility were not signifi-

cantly different in large and small selected lines i,, the total pro-

portion of foodstuffs absorbed, even if converted into energy units, was 

similar in both lines. However, there was some variation in digestibi-

lity between the different experiments. Some of this variation may be 
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due to the error in assuming that the amount of food in the gut is the 

same at the 'beginring as it is at the end of the experiment. In all 

estimates of digectibilhty, unabsorbed food in the alimentary canal at 

the end of the experiment will necessarily have' been included in that 

digested. Greater variation was foUnd in calorific than in total diges-. 

tibility0 This may have been due to variation in faecal composition be-

tween mice while the proportion of food excreted remained fairly constant., 

Variation in digestibility was higher in the small than in the large line 

(.see Table 15), 

The total amount of protein, fat and carbohydrate in the food con-

swned and in the faeces were determined and the differences between the 

amount consumed and that excreted was found. The differónoes were ox-

pressed as percentages of the total protein, fat and carbohydrate intake, 

i.e. digestibility of protein, fat and carbohydrate. Digestibility of 

protein was found to be similar at all ages, digestibility of fat and car-

bohydrate being sibilat at three and six weka of age (i.e. the two ages 

tested). Al]. data was therefore combined and mean values for the digesti-

bility of prOtein, fat and carbohydrate of both large and small lines were 

calculated and are given in the following tables 	 S  

Table 16, DiestIbilityof Protein I'at and Carboixrdrate, 

Digestibility of 
o, of 

determinations 	Protein 	Pat Carbohydrate 

Small line 	26 	53.31 1 8.31 76.09 	72,05 

Large line 	21 58 !. 09 6,58 82,42 	674.47 

A greater proportion of protein was absorbed in the large line (P( 0.05) 



despite very large variations in digestibility of protein in different 

animals. Digestibility of fat was slightly greater in the large line 

whereas digestibility of carbohydrate was higher in the small line. 

Tests of significance were not made on fat and carbohydrate because these 

values for faeces were calculated from groups of animals not used in the 

24 hour experiment (see Method). Differences in the digestibility of 

each food constituent are to be expected from the results of the analysis 

of faeces in the two lines. 

Nitrogen Balances. 

Nitrogen balances were obtained directly by subtracting the nitrogen 

loss in the urine from the digestible nitrogen of the food, Nitrogen 

balances in the large line were generally positive until about six weeks 

of age. After this age, nitrogen retention was reduced almost to nil 

except in animals where there was a considerable weight gain during the 

twenty—four hour experimental period. Negative nitrogen balances were 

Infrequent in animals of the large line except in cases of weight loss. 

In contrast, positive nitrogen balances were relatively infrequent in ex-

periments with mice of the small line, which may be attributed to their 

extremely slow rate of growth. In the small line, weight losses during 

the experimental period, though small, were frequent and nearly always 

associated with negative nitrogen balances.- The nervous disposition of 

the small mice may have adversely affected their appetite in strange 

surroundings. 

Rorat.orv Quotient, 

Determinations of oxygen intake and carbon dioxide output were made 

concurrently with measurements of food intake and faecal loss. Measurements 



of the oygen consumption and the carbon dioxide output were used to 

calculate the respiratory quotient (R.Q.) and the total energy expendi-

ture (see Method), The R.Q. for the combustion of carbohydrate  and fat 

are known to be 1. 06 and 0.72'reapectivêly, 

Twenty-one dete natiOiè' were made using animals from the large 

line and twenty-six from the small. Values of the R.Q. were variable in 

both large and small lines though slightly higher in the large line. All 

R,Q.s exceeded 0,8 and mórca than one-quarter of the animals of both lines 

had an R.Q. exceeding one. In both lines, R,Q.s of greater than one were 

generally associated with positive weight incroacos.. Dower and Hewton 

(1948b) have shown that if food intake is sufficient only for maintenance 

requirements, foodstuffs are burnt in the some proportions as that of the 

diet, Above maintenance levels, the R.Q. increases in proportion to the 

food intake, i.e. either carbohydrate is being preferred as a source of 

energy and fat is stored, or the same proportions are burnt and the excess 

carbohydrate is converted into fat and stored along with the corresponding 

excess of ingested fat.: In growing animals, in which food, intake far 

ezeeds maintenance requirements, both of these processes may occur, 

Growing animals might therefore be expected to have higher R(.a than 

mature animals of the same line. 

The same experiments to determine R.Q.s also gave information on 

energy expenditure. These experiments included a series of 24,-hour 

determinations made on four mice at ages between 22 and 72 days in the 

large line, and between 22 and 40 days in the Small line (Tables 17 and 

18), The four animals so tested were two males from each of the large 
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and small lines. Other determinations were made on mice of ages between 

23 and 50 days in the large line, and between 22 and 93 days in the small 

line.. The metabolic rate of a few animals of the control line was also 

estimated and results are shown in Figs. 16 and 17, The metabolic rate 

of some mice of the large line between ages )4!.17 days are also included 

in Fig. 17. Oxygen uptake and carbon dioxide output were estimated over 

a period of two hours only in these anithals as the measurements were made 

prior to weaning,- Values for their metabolic ra1es are therefore neCose-

arily an approximation as the-oxygen requirements duO to protein metabolism 

could not be determined, but they did afford a Comparison with small mice 

of comparable weight,/ 

The total energy expenditure for each 24 hour period was higher in 

the large than in the small line; this is to be expected for increased 

body size will be associated with increased maintenance costs. Energy 

expenditure when expxessed as per unit of body weight was higher in the 

small than in the large line for comparable egOs (Fig, 16).These dIffer.. 

enoes in energy expenditure per unit weight become negligible if enithais 

of the same weight are compared (sac Fig. 17). Energy expenditure in 

animals of the sOae weight in large and small lines was then fairly 

similar or slightly higher in the large line. Weight lossas during the 

experiment may have artificially lowered the Onergy exienditure of the 

small line, for Dewar and Newton (1948a) have shown thit loss of weight 

is generally associated with a lou 'metabolic rate, and weight losses in the 

small line, exceeded 3% in 5 out of a total of 27 determinations. However, 

the conclusions drawn from the comparison of the energy expenditure of mice 

from large and email lines for comparable body weights were inaffeoted 

if these animals were excluded. As was to be expected, there was some 
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variation in both lines when metabolic rate was plotted against age 

(Fig.. 161; when metabolic rate was plotted against weight, variation 

was considerable in the small line and comparatively small in the large 

line (Fig. 17). 

Divergences froxm the surface law in mature animals (energy expendi-

ture proportional to ,0066)  has been observed by Benedict (1938), and Brcbr 

(1945) has shown that metabolic rates are more nearly proportional to 

w° 0
7 0  Energy expenditure per. 24 hour period per v°•73  has therefore 

been plotted in Figs. 18 and 19. In animals from the large line, energy 

expenditure was relatively constant during the period of most ;rapid growth 

(7 to 25 gins.) but deqroased as weight increments became prOgrosaivoly 

less (Fig. 18), Growing animals therefore had a higher metabolic rate 

per w0'73  than mature animals of the same line. Metabolism per P.73 was 

extremely variable in the small line (Fig. 19) and in many growing animals 

it was as low as that found in adult mice of the large line, With two 

exceptions values in the small line were dependent on the change in weight 

during the experimental period, i,e,, in animals, in which weight loss 

occurred, metabolism per w°° 73  was lower than in animals with weight gains 

during the experimental period, 

DISCUSSION  

Although the total proportion of foodstuffs absorbed from the gut is 

similar in large and small lines, anall differences occur in the proportion 

of fat, protein and carbohydrate absorbed by the two lines. In terms of 

calories, the amount digested was also similar, Rice selected for in-

creased body size absorb a greater proportion of fat and protein, and a 

lower proportion of carbohydrate, than mice selected for small body size. 

If the percentage of foodstuffs absorbed (i.e. the digestible food) was 
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an important factor in limiting growth, much greater differences than 

those observed in the proportion of foodstuffs absorbed from the gut 

would be expected in view of the very large differences in growth rate,. 

It is also evident that the increased gross and energetic efficiency of 

food utilisation in the large line, which has been discussd in the pro-

vious chapter, is not a result of a greater proportion of the food con-

sumed being absorbed in the large line, for total and calorific digesti-

bility have been shown to be similar in both selected lines, The differ-

ences in efficiency ok food' utilisation between large and small lines must 

have been due to other causes. 

During growth, nitrogen balances were usually positive in the large 

line except in cases of weight loss during the experimental period, i,e, 

a certain proportion of the digestible protein was retained in the body. 

From about six weeks of age nitrogen retention was reduced almost to nil, 

which is in agreement with previous work (see Chapter 2) showing that in-

creases in weight after this age are largely fat tissue and that protein 

deposition is nearly completed. The adult animal is therefore in a state 

of nitrogen equilibrium (the nitrogen absorbed is equal to the nitrogen 

lost in the urine) provided that the food consumed is sufficient for 

maintenance purposes. The small line absorbed ,a slightly lower propor- 
 
- 

tion of protein than mice of the 1azge line, but in contrast to the large 

line most of the digestible protein was metabolised and the nitrogen re. ,  

tention was either small or, in many cases, negative, particularly in those 

animals in which Small weight losses occurred during the experiment. The 

proportion of protein absorbed to that metabolised appears to be higher 

in mice selected for large body size so that more protein is available for 

the laying down of body tissue. 
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Body size directly affects total metabolism and therefore energy 

expenditure as follows,, First, increased size is associated with in-

creased maintenance requirements, and secondly,. energy expenditure, per 

unit weight decreases with increasing size which is probably due to re-

duced heat loss. per unit body weight. The total energy expenditure is 

therefore higher in the large than in the small line due to higher main-

tenance requirements, and the decrease in energy expenditure per unit. 

weight found within large and small lines with increasing weight or age. 

is attributable to reduced heat loss as a result of a relatively sniaflor 

surface area, In the present work, the metabolic rate per unit weight 

for 24-hour periods was generally similar in mice of large and email lines 

of comparable weights, Differences existing in the energy expenditure... 

per unit weight for similar ages must therefore be due to weight differ-. 

ences e  however, mice of large and small lines of the some weight are 

growing at quite different rates (see Chapter 1), and an increased growth. 

rate has been shown to be associated with a rise in metabolism per wO*73  

(Brody 1945), This association was also found in the present experiment. 

A certain proportion of the energy expended is therefore directly concerned 

with the growth process, i.e1 there is an energy cost associated with 

growth. Some of the energy expended by animals of the large line, which 

are growing at a faster rate than the small line, was therefore due to 

growth. This extra energy expenditure, which would be largely absent in, 

the small line, may have obscured real differences in the energy required 

for maintenance between the two lines, 

MacArthur (1944) has suggested that decreased body size as a result 

of selection may be due to increased energy expenditure in the small line 

so that less food is available:, for storage. There was no evidence in the 



present analysis that this is .:true,. Fizvb3g animals in the large and email 

lines of the same weight will have approxiinate]..y the same surface area and 

therefore heat loss will be similar. Secondly, there is no evidence to 

support the theory that the metabolic rate is higher in the small strain 

than that which would be expected on. the basis of their body size. It 

seems unlikely therefore that a high level of energy expenditure is direct-

].y responsible for limiting the rate of growth in the snail linEs for energy 

expenditure is generally higher in the large line as shown above. 

The level of energy expenditure will directly affect the .efficiency 

with which animals convert foodstuffs into body tissue.. If maintenance 

requirements are low, more food energy will be available for storage, 

whereas if maintenance requirements are high, most of the digestible food 

will be metabolised and practically no food will be available for growth,. 

The differences in energy expenditure in animals of large and email lines 

of the same ago will therefore contribute to the differencea found in the 

efficiency of food utilisation found between the two lines (in Chapter3), 

The increased efficiency of the large line may therefore be due to the 

reduction in total energy expenditure per unit weight which in turn may 

be a result of the relatively smaller surface of large mice.. 

The differences observed in energy metabolism of the selected lines 

appear to be largely due to differences in growth rates so that at any 

absolute age, total energy expenditure in the two lines will be dissimilar 

as they will be at. a relatively different stage in their development (i.e., 

in their p}ysiological age). In turn, growth rates are probably controlled 

by other factors, e.g. the endocrines which may be under direct genetic 

control and therefore capable of modification by selection. 
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II. Activity LevelsJ.n Large and Small Lines of Mice, 

The method of measuring activity was similar to that used by 

Bateman (unpublished). It consisted of an aluminium cage suspended as 

in Plate 4,  The neat of wood wool was always arranged to be at the 

Opp osite end of the case to the water bottle and food basket. The water 

bottle and food basket were counterbalanced with weights to maintain the 

cage horizontal, and one end of the cage was replaced by perspex in order 

to see the mouse. All movements were recorded on a smoked drum by means 

of a pointer attached to one end of the cage. The amplitude of the move-

ments recorded on the rum, i.e. the sensitivity of the cage to movements 

by the mouse, was adjusted by means of the supports fixed in the clamps 

A and B. The speed of the drum was adjusted to 12.6 cm. per hour in 

order that all movement, of the mouse from one end of the cage to the 

other would be recorded, Records therefore only included one type of 

Activity (i.e0 movement) out :ba whole range 'of activity patterns, e.g, 

cleaning, etc, The activity of each mouse was measured over appoXts 

mately 1823 hours (one recording), which should reduce error in the 

measurements due to diurnal rhythms of ààtit'0 Activity Was particu-

larly studied during the period when the differences in growth rate were 

maximum, i.e. from 3 6 weeks of age. Results were expressed in Units 

of activity per day, a unit of activity being defined as the movement of 

a mouse from one end of the cage to the other. 

RESULTS AND DISCUSSION 

Activity levels were studied in males of large and small lines from 

21.51 days of age. Results expressed as units of activity per day and 

units of activity per day per gram of -body weight are given in Tables 19 
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204 . The total number of activity units of ].8 separate recordings were 

counted on four different occasions to determine the error in counting. 

From the variation in the counts of the tote], activity of one recording, 

the coefficient of variation could be calculated, The mean coefficient 

of variation in counts for the 18 recordings was 4,73. In a number of 

recordings from each line, the percentage of the total time spent at the 

neat end was calculated and these figures are included in Tables 19 and 

20. 

The large amount of variation in activity in both the large and small 

lines from 21-23 days may have been due to a weaning effect associated 

with loss of litter-mates. From 23 dapf. age, however, increase in 

weight in both lines was associated with increased total activity (Fig. 

20). The increase in total activity with age appeared to be greater 

in the large line. But data on activity was difficult to interpret due 

to the large variation between mice of the acme line, the same age, and 

the sane weight. 

In order to relate total activity with total energy expenditure, 

activity units were expressed per. gram of body weight and plotted against 

age in Figure 2l. From 23-40 days of ago activity was higher in the 

small than in the large line. The increased energy expenditure found in. 

the small line when expressed per gram of body weight may therefore be due 

to increased maintenance as a result of increased activity, which in turn 

may be due to a greater heat loss per unit weight in smaller animals. 
16  

The increased maintenance requirements as a result of greater activity 

per unit weight might therefore be responsible for the decreased effic-

iency of food utilisation found in the small line during this period. 
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141 
	W11?n animals of the same weight were compared, activity per unit body 

weight was not dissimilar in the two lines though few comparisons were,, 

available. 

To sununarise, total activity after 23 days of age increased in both 

lines with increasing age or weight, but more rapidly. in the large line. 

The level of activity in mice of the large line was comparatively high 

at weaning, i.e, when growth is rapid. Although activity per gram of 

body weight was higher in the small than in the large line, these differ- 

ences become negligible when animals of similar weights were compared. 

Activity was therefore similar in animals with different rates of growth. 

The level of activity, th9ugh contributing to maintenance requirements, 

therefore appeared not to be an important factor limiting growth in th 

small line and there was no evidence to support the suggestion that 

activity made a substantially greater.contribution to total energy ezu 

pendituro in the small than in the large line. 

The reduced growth rate in the small line does not appear to be 

a result either of selection for mice with high levels of activity and 

therefore with abnormally high maintenance requirements, or of selection 

for high maintenance requirements through increased oxidation rates in 

the body tissues such as that which is associated with hyperthyroidism. 

The hypothesis that food which is usually converted into body tissue is 

needed for abnormally high maintenance requirements can therefore be 

excluded. Neither is the increased growth rate of the large line 

apparently asociated uith lower maintenance requirements or with marked 

reductions in total activity 	Other factors are probably responsible for 

the changes in growth rate resulting from selection for large or small body 

size, A study of the endocrines which are directly concerned with the 
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control of growth may give more fundamental data on the determinants of 

the rates of growth in the selected lines than measurements of energy 

expendituxe or body activity. 



Plate 1. A plan of the open-circuit apparatus used to measure the 
total food consumption, the excreta, and the carbon 
dioxide and oxygen exchange of mice over a 24 hour period. 
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Plate 2. 	 A 	 B 

Perspex souse chamber (N) 	The internal construction 
with urine collection tube (T) of the iuea chamber 

showing food box and 
water bottle. 



Plate 3. Modified food box used for small mice. 



Plate 4.  The construction of the apparatus 
used to measure body activity. 

qom 



Table 17. 	Energy Expenditure of T 	Male Mice of the Iarga Line. 

Age in Days . 22-23 24-2.5 26-27 29-30  32-33 34-35 36-37 39.40 42..43 65..46 46.47 52-53 	6-57 72-73 
Mouse 

Weight in a 14.52 17080 21.56 24,71 25.85 28.20 33.58 
gins. 

b 13.20 14.85 17.04 22.93 24.52 26.67 27.92 28.97 29.82 31.80 32.16 

Energy a 7.97 9.67 11.30  12.10 11190  12.80 12.90 
Expenditure 

per Day b 7.55 	8.47 	9.86 11.95 12.05 11.60 12.65 11.70 11.20 13.61 12.00 
in Calories . 

Energy a .55 .54 	.52 .69 	.46 .45 . .38 
Ezp/Day/gin. 
in Calories b .57 	.57 	.58 .52 ,49 	.42 	.45 	.40 .38 	.43 	.37 

Energy a . 	 1.13 1,18 	1.20 1015 	1.11 1.12 . .99 
Exp/Day/W° .73 
in Calories b 1615 	1.18 	1.23 10 21 119 	10 03 	1.12 	1.00 .94 	1.09 	.95 



Age in Days 22.i.23 23-24 25-26 2728 29..30 31-32 3233 33-34 3.5-36 36.37 39...40 

Mouse 

Weight in a 7042 8,66 10,40 11.83 12.70 13.35 
gTns. 

b 6,49 7,04 7.53 8.40 908 9.93 10,27 

Energy a 5,50 557 6.44 6,60 7.30 6.36 
Expenditure 

per Day b 6.70 3.95 4.64 7.96 5.15 4.85 4.71 
in Calories 

Energy a .74 .64 .62 055 .58 .48 
Expenditure 

/Day/gm, b 1.03 .56 .62 .95 .55 .49 .46 
in Calories 

Energy a 1.27 115 1.17 1.09 1.27 .96 
Exp/Day/W0 . 73 
in Calories b 1971 .95 1,04 1.68 1.00 .93 .86 



Table 19. ActiVity in the Lerge line. 

Age in Weight Units Units % Time 
Days in Activity Activity at nest end 

gmc.: Per Day Per Gram 
Per Day 

2alm-22 10.6 525.6 49.4 45.5 
13.0  696,0 53.7 43.0 
12,9 324,0 25.2 43.2 
13.5 381.6 28.3 56.2 

22a23 12,6 194.4 15.6 54.3 
12.7 340.8 26,9 	. 55.3 
10.1 283.6 28,3 52,5 
140 547.2 37.7 5,5 

23.24 13.1 170.4 13,0 a 
13.6 256.8 18.0 58.4 

25.26 15.2 324.0 	. 54,5 
2647 17.0 . 175,2 21.4 65.0 
27ue28 180 2 225.6 12.5 71.9 
27...28 17.6 199.2 113 
28.29 20.6 228.0 11,0 63.7 
29..30 20,9 230,4 11.0 ISO 

31-32 23.4 369.6 15.8 51..0 
21,8 369.6 17.0 . 	 59,4 

3233 2144 405.6 19.0 42.7 
33.34 24.8 494.4 19.9 53.0 
34.35 28.3 271.2 9.6 61.5 

27.1 470,4 170 
35.36 27.9 523.2 18,7 55.5 
3738 23.5 144, 0  6,2 - 

29.6 506,4 18.0 . 	 57,0 
28.3 343.2 12.2 49.4 

42..i43 29.4 806,4 27.4 35,5 
30.5 840.0 27.6 Op 

45.46 342 535.2 15.6 64.1* 
50-51 325 861,6 26,4 45,4* 

* not included in Figs. 20.& 21. 



Table 20.'Aètiitv in the 'ai1 Line, 

% Time 
at Neat End 

Age in 

212 

22-23 

23.4 

256 

2647 
27..?8 

29,30 
3Q.3i 
31-32 
323 
33-34 

3h'35 
35.36 

36-37 
37-38 

38..39 
39..40 

41-42 
4243 
hh'-45 
46-47 

Weight 
in 

gina.. 

.7 ') ,  
• 5.7 
7.1 
6. 
7f '7, 
7,5 
5.8 
7.6 
6.1 
.84 
'6.0 
7.4 
7.2 
9" i 2 
7.4 

711 
9.8 

10.3 
8.2 

11.3 
9.9, . 
8.9 

10.1 
12.4 
9..6 

12.7 
11.5 
10,1 
11,4 
10.0 
12.0 
11,2 
3.1.9 
12.2 

lJtø 
Act±viy 

Per Day 

2040 
232.ø, 
216-9 
336.0 
398.4 
132.0. 
206,4 
144.0 
192- 

9 232,8 
232,8 
12.8 
235, 
194,4 
271.? 
235.? 

170.4 
388,8 
297,6 
196,8 
367. 
302.4' 
228.9 
271.2' 
326.4 
235,2 
244,8 
352.8 
405.6 
302.4 
381.6 
321,6 

Units 
Activity 
Per- aram 
Per Day 

43.9 

32.9. 
350$ 
43,? 
53.p 
21.3 
273. 
23J 
23, 0  
34, 3 
314 
17.3 
25.7 
26.4 
27.6 
30; 
29,8 
20,9 
34., 
30,0 
22.1 
26.2 
2,5 
23.8 
21,6 
28.3 
23,3 
21.4. 
35.3 
21.8 
:27.1 
32.2* 
26.4* 

53,0 

45.7, 

56.6 

64. 5 

53.?, 
56.5 

53-8 

50,7 
38,1 

58.3 

* not included in Figs. 20 & 21, 
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'igure 20. Body activity per day from 21-43 days of age in large and 
amail lines. 
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CHAPTER 5 

CONCLUSIONS - THE ROLE' OF THE ENDOCRINE$ 

An increase in body weight is obviously desirable in the development 

of strains of livestock suitable for the production of meat, Various 

methods of selection have been used as a means to obtain an increase in 

weight far beyond  the extremes found in the original population. But 

increased body size loses much of its value if other factors such as the 

composition of the carcass, 1hs efficiency of food utilisation, or ferti-

lity are adversely affected, The present work has been concerned with 

some of the physiological oc?nsoquenoes resulting from selection for large 

or small body size ,in mice, Some aspects of the physiology of mine sel-

ected for large and small body size, and of their unselected controls, 

have been studied in the previous chapters, and these data are co-ord.tnated 

in the present chapter. 

Differences in body weight between mice of large, control anl.smail 

lines were already apparent at birth Absolute growth rates from birth 

until weaning were always highest in the large line, intermediate in the 

control line and lowest in the small line, though relative growth rates 

did not follow this pattern, The relative rate of gain was fa*rlr simi-

lar in all three lines from birth to twelve days of age, but differed after 

twelve days of age. This age coincides with the time that maternal in-

fluence on body size will begin to decline as the young begin to wean them-

selves.' After 12 days, the growth rate of the offspring will therefore 

become increasingly more dependent on their own genotype rather than depen-

dent on the suckling ability of the mother (i.e. the milk supply available). 
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From twelve days until weaning at three weeks, the relative rate of 

growth was higher in the large than in the small line, the controls being 

intermediate 4  The weight gained in both large and small lines during 

this period was largely protein and associated water. 

From weaning until five weeks of ago, relative and absolute growth 

rates were consistently, higher in the large than in the small line, con-. 

trole being intermediate,, The increase in weight in both large and small 

lines during this period was mainly protein and associated water, although 

small increases were made in body fat. The protein and fat were deposited 

at. .a much faster rate in the large than in the small line s  Food intake 

was higher in the large than in the small line, controls again being Inter-

mediate; this is to be expected because in addition to the greater growth 

rate in the large line, maintenance costs increase with body weight, 

However, calculations made of the efficiency with which food was converted 

into body tissue show that despite higher maintenance costs, the effic-. 

ienoy-  of food utilisation was greater in the large than in the small line 

the controls being interaediate. Differences in the efficiency of food 

utilisation were not caused by differences in the total digestibility of 

foodstuffs between the large and small lines, although the digestibility 

of protein and fat was higheri and the digestibility of earbpirdrate lower, 

in the large than in the small line. Total energy expenditure (meta-

bolic rate) per unit weight was higher in the small line during this 

period, which may be due to the relatively greater heat loss of smaller 

animals. The higher energy expenditure per unit weight due to•'greater 

heat loss in the small line may have been due to increased activity, as 

small mice were generally more active than large mice of the same age. 

The higher metabolic rates per unit weight of the small line therefore 
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contributed to the higher maintenance •rcquircizent per •g 	atu1 this may 

account for the low. efficiency with which fooO was utiliced . for loss 

food would be available for- growth, 

From five to. six weeks of ego, groth increments began to decrease 

in the large line and relativo growth rates were actually higher in the 

small line during this period. From 38 to 40 days of ego fat deposition 

increased rapidly in the large line and this coincided with the time at 

which the rate of protein deposition began to decline. By contrast, 

fat and protein are deposited in the small line at the some rate as that 

prior to five weeks of age. Gross efficiency was higher in the small 

line during this period while energetic efficiency of food utilisation 

was similar in both lineal this may be attributed to the increased 

maintenance requirements and the decreasing growth increments of the 

large line, The metabolic rate per unit weight was higher in the small 

line and this may again be attributed to increased 3CtVit:e  

From sin weeks of age, the relative rates of growth of the threo 

lines were not. very different, though usually slightly higher in the 

small than in the large line, In the large line, most of the weight in. 

creases could now be attributed to fat and relatively small increases were 

made in protein and associated water, In the small line, hswever 9  the 

rates of protein and fat deposition, were similar to those found from three 

to sin weeks of age, (roes efficiency of food utilisation was similar  

in both selected lines, but gross efficiency does not assess the composi-

tion of. the weight gained, More calories will be required to store one 

gram of fat than one gram of protein as the energy content of stored fat 

is nearly twice that of protein, Calorific efficiency tree therefore—  

found to be higher in the large than in the email line, The metabolic: 
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rate per unit weight was generally higher in the small line, it is 

interesting to note that the high metabolic rate of the smal_1 line pro-

bably reduced gross efficiency at this age, whereas the gross efficiency 

of the large line was probably determined by the higher food energy re-

quired to gain one gram of weight, i.e. because those gains were almost 

entirely fat, tissue. 

Several factors may cause the differences in growth rate found be-

tween the selected lines and energy expenditure could, be one of theso 

factors. The energy expenditure per unit weight is higher in the sman 

than in the large line during the period of most rapid growth s. i.e, from 

three to six weeks of age, But there is little or no evidence that the 

level of energy expenditure is responsible for the differences in growth 

rate between the large and small lines since metabolic rates per unit 

weight were similar or even slightly higher in the large, line for. cp 

parable body weights. However real differences in the basal metabolic 

rate may have been obscured in measurements of total energy expenditure. 

Moreover, the components contributing to maintenance requirements may not 

be the some in both lines though the proportion of maintenance energy 

spent in body activity seemed to be similar in both lines. Vlore critical 

experiments would be required to investigate the relative, importance of 

the various components contributing to energy metabolism. 

Many workers have shown that the normal functioning of the endocrines 

is essential for growth. Further investigations have therefore been made 

to study the role of the endoerines In control of growth in the. selected 

lines, for hormonal regulation of the rate of growth may indirectly affect 

the relative importance of the various, components contributing to total 

energy metabolism. The pituitary, the thyroid gland and the adrenal 
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cortex are examples of endocrinea which might have been affected during 

selection for large or sma]l body size, the hormones released by these 

ondoorines being essential for normal growth. The pituitary was selec-

ted for study. 

If selection has reduced the levels of endogenous hormones in the 

sinail line, those animals may respond to administration of exogenous hor-

mones, Some preliminary work has been carried out to study the response 

of the small line to several of the pituitary hormone8. The slow rate 

of growth of small mice may be due to a deficiency in the production of 

growth hormone; Beef somatotrophin (Armour Laboratories Ltd.) was there-

fore injected subcutaneously daily for 12-14 days into small mice of 

between three and six weeks of age, Preliminary results are given in 

the following tables 

Table 21. Aqmnae of 	Small Line to IMections of I. inn. Gz'owt 

Hormone-  Dajiiv. 

Treated Untreated 
Litter 1!latOS 

Initial weight 	6.2 6.3 

Final weight 	13,9 11.4 

Increase 	124,2 8069 

The results so far indicate that the small line will respond to growth 

hormone if a sufficiently high dose (1 zng0 per day) is given. No res-

ponse was obtained with doses of less than 1 mg. High doses of the 

hormone may be required either because these small mice are relatively 

insensitive to growth hormone, or because there is some degree of species 

specificity in response to growth hormone. Wilhelmi (195) has already 
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demonstrated differences among the growth hormoneb of different species 

that he has analysed, At cessation of'treainont, the carcass fat and 

protein was determined in a few treated and ufitreated aniith3.s using the 

method desôribbd in Chapter 2, The carcasses of those animals treated 

with growth hormone contained a higher percentage of protein and a lower 

percentage of fat than untreated control litter mates. These effects 

of growth hormone on carcass composition are similar to those described 

by Lee and Schaffer (19)4), Young (1945), Li and Evans (1948) and Green-

baum and MacLean (1953), The results of these preliminary experiments 

indicate that mice of the small line are deficient in their endogonous. 

production of growth hormone and that they are not refractory to injec- 

tions of tomatotrophin, A deficiency in the production of growth hormone 

by mice of the small line would be similar to conditions 'found in the pig, 

for Baird g&,. (1952) found significantly lower amounts of growth hormone 

per unit of pituitary tissue in pigs selected for low rates of gain than 

in those selected for high rates of gain. 

Studios are also in progress to investigate the effect of selection 

on the gonatrophic activity of the anterior pituitary9  and its relation 

to the infertility found in the small line of mice,. A. large percentage 

of the females of the small line are infertile until three to four months 

of ago as judged by the arrival of their first litters. Several factors 

appear to be responsible for this infeitility. Firstly, marr email fe-

males paired with proven males fail to come into oostrus. and thate, as 

judged by the presence of a vagial plug. Those females appear to be 

sexually immature, for treatment with the gonadotrppthins pregnant mare 

serum and human chorionic goriadotrophin, using a method similar to that 

described by Runner and Gates (1954) for ithmature mice, will induce oeetrus0 



ovulation and  mating in 89 of them. Secondly, approximately one third 

of all females which mated on their natural oestrus failed to ovulate. 

The eggs of come females which mated and ovulated were examined under 

the phase-contrast microscope and 95% of. them. were fertilised, Finally, 

only 44 of those females which had mated during natural oestrus had in. 

planted embryos when killed at 12-16 days gestation. Many of the small 

females therefore have an oestrous cycle and ovulate but their embryos 

fail to implant 	Lack of embryos. - may be due to improper uterine stimu- 

lation as a result of the failure of the corpus luteum of pregnancy to 

develop. Smithberg and Runner (1956) have maintained pregnancies in 

immature mice which had mated in response to treatment with gonadotrophins 

by daily injections of progesterone.. Similar treatment of sine].], mice 

which had mated on natural oestrus increased the number of females with 

implants from 44 to. 8$. The lack of implants in the remaining females 

may have been partly duo to .a failure to ovulate. The infertility in 

many mice selected for small body size therefore appearsto be due to a 

deficiency of the follicle-stimulating and luteinising hormones of the 

anterior pituitary, and some females . also appear to be deficient in pro-, 

gesterone which again may be due to hypofunotioning of the anterior pit-

uitary in failing to produce pro].actin (luteotrophin)0 Treatment of 

pregnant. females with luteotrophin should determine whether the corpora 

lutea are normal and capable of response by secreting progesterone. 

Mice of the small line therefore appear to be deficient in the production 

by the anterior pituitary of growth hormone, follicle stimulating hormone, 

luteini sing hormone and probably ].uteotrophin. 

These preliminary studios support the hypothesis that the primary 

effect of selection has been to alter the endogenous production of some 
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of the hormones secreted by the anterior pituitary. Selection for small 

body size - appears to have reduced the levels of these hormones and selec-

tion for large body size may have increased then. Uany of the differ.. 

encei in the large and small lines in carcass composition, efficiency of 

'food utilisatiOn and energy oxpenditure are explicable in terms of differ-

out growth rates, in that at any absolute age, animals of the two lines 

will be at relatively different stages in their development. In con-. 

trast, 'differences in the rate of growth appear to be controlled by the 

levels of circulating hormones, those levels being influenced by the 

genotype of the aiiimal.. The extension of those studies to 'other strains 

of mice selected for large or small body size may reveal whether the 

same physiological, mechanisms are always affected by selection.. 

LI 
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Differences in body weight between mice seleced for large and small 

body size and 'their controls were apparent at birth and were fully maintained 

up to 30 weeks of age. Differences in absolute and relative rates of growth 

between the three lines reached a maximum from 2135 days of age and declined 

thereafter. 

Growth in the large line from 14i.40 days of age was largely due to an 

increase in body protein and water; after this age, increase in weight was 

caused mainly by fat deposition. In the small line, protein, water and fat 

were deposited at a more constant rate duringtbe whole growing po'iod. 

Different rates of growth could largely account for the differences in the 

percentage composition found between mice of the large and small lines of the 

as  me age. The percentage composition of two large strains which had been 

selected on similar criteria was azialyeed; one strain was found to have 

a higher percentage of protein and water and a lower percentage of fat than 

the other despite the similar criteria of se1ection \The role of pbysiology  

as an aid to further selection programmes is discussed.'  

Selection for increased body size was associated with increased food 

consumption and greator econoor of gain. Mice of the small line ate less 

food and were not so efficient In converting foodstuffs into body tissue.. 

The digestibility of foodstuffs was similar in large and small lines. 

Though energy expenditure per unit weight was higher in small than in large 

mice of the seine age, these differences became negligible when animals of 

similar weights were compared. Neither total energy expenditure nor body 

activity were apparently faotcrs limiting growth in the small line. 
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Uice of the small line responded to treatment with certain exogenous 

hormones. The primary effect of selection for large or small body size 

may have been to increase or decrease the levels of some of the hormones 

secreted by the anterior pituitary o  thereby altering growth rates. Changes 

in growth rates may have caused the differences between the large and small 

lines in carcass composition, efficiency of food utilisation-and,energy . 

expenditure. 
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