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Mice were used to compare the index and elite selection

methods for simultaneous selection of four traits. Selection was

for litter size, birth weight, weaning weight and post-weaning

gain. Progress was evaluated by examining total phenotypic merit.

The standard deviations from the cycle mean for the four traits

were summed to give total merit. Mice were selected for both an

increase and a decrease in each of the four traits under index and

elite selection methods. Two lines were maintained for each

direction and method of selection as well as two randomly selected

control lines. Elite selection differs from index selection in that

one-fourth of the parents are selected for each of the four traits,

regardless of the performance in the other three traits. An attempt

was made to mate twenty females and four males each generation.

In general, progress within lines was small and irregular. A



quadratic line was fitted through the means of lines selected alike

to estimate the progress during approximately six generations of

selection. Progress in the control, high index, high elite, low

index and low elite lines for total merit was -0. 51, +0. 57, +0.47,

-0.47 and +0.30 units respectively. Corresponding selection dif-

ferentials were +1. 97, +7. 16, +6. 36, -5.14 and -1. 25 units for the

same lines respectively. Estimates of heritability based on upward

selection were 8. 0% and 7. 4% for high index and high elite selection

respectively. Only the high elite selection method simultaneously

changed all four individual traits in the desired direction. The

elite method resulted in the selection of sires with greater pheno-

typic variance than did the index method. The selection of parents

with greater phenotypic variance did not result in greater pheno-

typic variance in their progeny. It was found that parents selected

for different traits in the elite system did not leave equal numbers

of offspring. Thus, it was difficult to apply the proposed selection

pressures for each trait. Since the present study is inconclusive,

suggestions are made for further study of the elite selection method.
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EFFECTIVENESS OF INDEX AND ELITE SELECTION METHODS

INTRODUCTION

The index system of selection has been firmly established as

an effective method for the simultaneous selection of any number of

traits (Hazel, 1942; Hazel and Lush, 1943). Constructed with the

proper genetic parameters, populations under selection by use of an

index will initially improve at the maximum rate in terms of eco-

nomic value. Certain problems with the index selection method,

however, do exist. It is difficult to obtain accurate estimates for

the necessary genetic parameters, and under selection, these para-

meters are known to change. Animals selected by use of an index

are frequently quite similar. If this similarity is reflected in their

genetic constitution, then genetic variation may be lost in index

selected populations. Also, when negatively correlated traits are

involved, an increase in one trait is frequently achieved by a de-

crease in the correlated trait.

The "elite" method of selection has been proposed to overcome

the objections stated for the index selection system. In elite selec-

tion, individuals superior for a single trait are selected regardless

of their performance in other selected traits. This should insure

maintenance of maximum genetic variation since genetic combina-

tions producing superior performances for each trait will remain in
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the population. It must be assumed that the rate of progress in the

elite system would not in initial generations be as great as with a

properly constructed index. However, at least in closed populations,

total progress may be greater since the elite method is expected to

maintain genetic variation for a longer period. Elite selection

eliminates the necessity of collecting genetic parameters prior to

starting selection. However, if genetic parameters are known, then

the percentages of parents selected for each trait could be adjusted

to insure a maximum rate of economic progress.

Before recommendations can be made concerning the elite

selection method, the importance of the points brought out in the

previous paragraph needs to be examined. It will also be necessary

to obtain accurate estimates of the relative effectiveness of the index

and elite selection methods.

The present study was designed to examine the relative effec-

tiveness of the elite selection method when compared with index

selection. Also, recommendations are made which will be useful

for further study.
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REVIEW OF LITERATURE

Two-way Selection Experiments

Experiments involving selection in opposite directions possess

certain characteristics not normally observed in other selection

experiments. An experiment in which selection is applied in two

directions provides three opportunities for evaluating selection pro-

gress if a control line is maintained. The amount of progress can

be evaluated by examining improvement in the upward selected line,

by the decrease in the downward selected line and by the divergence

between the two lines.

Another characteristic frequently observed in a two-way

selection is the asymmetrical response to selection. That is, the

realized heritability may not be the same for both upward and down-

ward selection. Falconer (1953a, 1960b) examined the probable

causes for asymmetry in selection experiments. He presented

several possible causes which if different for upward and downward

selection could result in asymmetry. (1) Selection differentials,

(2) "genetic asymmetry" (directional dominance or directional gene

frequencies), (3) selection for heterozygotes, (4) inbreeding, and

(5) maternal effects. These factors may counteract each other or

work together to produce the observed differences in progress noted

in two-way selection experiments.
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Comparison of the "Usual" Selection Methods

Hazel and Lush (1942) and Hazel (1943) examined the basis for

selection indexes and compared the predicted efficiency of the index

with the expected progress by the use of tandem and independent cull-

ing methods of selection. They showed that the genetic progress which

can be made by use of the selection index is the product of (1) the

selection differential, (2) the multiple correlation between the breeding

value and the selection index, and (3) the genetic variability. In a

study of the relative efficiency of the index, the tandem (selection for

a trait until it reaches a desired level, then selecting for another trait)

and the independent culling (setting minimum levels for each of the

desired traits, below which an animal is culled) methods of selection,

they found that the index method of selection when based on n number

of uncorrelated traits of equal value was 4-n times as effective as

the tandem and the index methods of selection. It was also shown

that the relative efficiency of the three methods varied with the pro-

portion of offspring saved for replacement stock and the number of

traits under selection. As the number of traits increased and the per-

centage of offspring needed for replacement increased, the relative

value of the index method of selection also increased.
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Selection Experiments for Litter Size

Falconer (1960a)studied three lines of mice, a line selected for

large litter size, a line selected for small litter size, and an un-

selected line. Each generation consisted of ten full-sib families in

each line. In the selected lines, full-sisters were test mated to one

randomly selected male from another family within the same line.

One female in each family was selected on the basis of this test

mating. Thus, selection was based on female performance (litter

size at birth) and the male influence was not considered. Each

family contributed equally to the next generation. Computations on

the unselected control line indicated that the inbreeding coefficient

was 32 per cent by the end of the thirty-first generation. Selection

on a within-family basis avoids certain complications caused by

maternal effects.

After the second generation through about the twentieth genera-

tion, both selected lines showed a consistent linear response; after

which progress ceased in both lines. Estimated realized heritabili-

ties were 8. 3% for upward selection, 22. 9% for downward selection,

and 12. 6% for the divergence between selected lines. These values

refer to within-family selection and would compare to values of

14. 5 %, 40%, and 22% for individual heritabilities according to Fal-

coner. The estimate of heritability based on a daughter-dam re-

gression was 11.6%. The total divergence between selected lines
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amounted to 3.2 young per litter. This amount represents 1.6 times

the original phenotypic standard deviation and 3.3 times the additive

genetic standard deviation.

In Falconer's 1963 paper, components of litter size were

examined in the same three lines of mice. It was found that the

increased litter size in the high line could be accounted for by an in-

crease in ovulation rate. However, the observed decrease in litter

size in the low line was attributed to an increase in early post-

implantational deaths among the fetuses. Falconer suggested in

both the 1960a and 1963 papers that reduced litter size in the low line

might be due to lethal and semi-lethal recessive genes. These

genes, initially at low frequencies, would be brought to intermediate

frequencies by selection, thus reducing litter size.

Bateman (1966) selecting parents from the largest litters or

from the smallest litters, in lines selected for large and small litter

size, attained a divergence of 5. 6 young per litter in 12 generations.

Examination of components of litter size showed that high and low

lines differed in ovulation rate, pre-implantation losses and sur-

vival of fetuses. The low line ovulated approximately 20% fewer

eggs, had 4.5 times as many pre-implantation losses, and 1.6 times

as many dead fetuses as did the high line. Bateman examined the

possibility that lethal recessive genes acting on the embryos caused

a reduction in litter size in the small line as suggested by Falconer.



To test this point, Bateman crossed low line males to high line

females and low line females to high line males. If the recessive

lethal hypothesis was true, then both low line males and females

mated to the high line should have higher fertility than would low

line by low line matings. Bateman found that low line males were

restored to normal fertility when crossed to high line females;

however, low line females mated to high line males were found to be

inferior to low line by low line matings. Thus, Falconer's hypothe-

sis did not account for reduction of litter size in Bateman's low

line.

Bateman selected two lines for large litter size; females of

one line were allowed to raise their entire litters, while litters in

the second line were standardized to six young at birth. This pro-

cedure did not have any effect on the response attained during the

12 generations of selection.

Falconer's base population was a heterogeneous mixture of

several non-inbred stocks, which were subsequently mated at random

for several generations prior to the experiment. Bateman's stock

was derived from Falconer's stock in the early generations of

selection for litter size. From Falconer's lines, 26 lines were

formed and inbred to about 50%. Lines were crossed and from these

crosses, progeny were mated from which a homogeneous group of

124 litters were used to start Bateman's lines.
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Dalton and Bywater (1965) reported the heritability of litter

size at weaning. Heritabilities for mice selected on normal and on

restricted diets were found to be . 06+ 08 and 02 + . 08 over 15

generations of selection. These results would indicate that at best

progress would be slow. If these values are true then heritability

of litter size at weaning may well be less than at birth.

Bradford (1968) found realized heritabilities of about 25% for

three lines selected for seven generations. Decreases in heritability

were observed in two lines by the end of the tenth generation. Brad-

ford's stock consisted of crosses of four or eight inbred lines of

mice. Bradford selected lines by both mass selection and intra-

litter selection. Over six generations of selection, the intra-litter

selected line consistently showed approximately one-half of the

response observed in the mass selected line. Bateman also found a

daughter-dam regression value of . 19 in his control line.

Vinson, Eisen and Robinson (1969) in an experiment designed

to examine predicted responses to selection for crossbred per-

formance, reported heritabilities for litter size from half-sib corre-

lations. Estimates were based on data from pure line and reciprocal

matings between two strains of mice with diverse backgrounds.

Lines were designated as C2 and TCR, and he were cal-

culated from the four types of matings. Estimates of 0. 0, 0. 0, 0. 44,

and 0,14 were found for C2 x C2, C2 x ICR, ICR x C2, and ICR xICR
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matings respectively.

Selection Experiments for Growth and Body Weight

Early research in selection for large body size was reported

by Goodale in 1938 and 1941, in which he used a combination of mass

selection and progeny testing. Although generations were overlap-

ping, Goodale reported continuous progress over an estimated 28

generations of selection. Selection was for 60-day body weight and

the average weight of males at that age increased from 26 grams

initially to 42 grams at the end of 28 generations. Although Goodale's

experiment showed that considerable progress could be made by

selection for body weight, later work by other authors indicated

that Goodale had reached a selection limit. Goodale's effective base

population consisted of sixteen mice, five males and eleven females.

MacArthur (1944a,1949) reported on a selection experiment

for high and low 60-day body weight. The report covers 21 genera-

tions of selection. By the twenty-first generation, the mean of the

large line was about 37 grams, while the mean of the small line was

about 11. 5 grams. Indications were that the response was beginning

to decrease. MacArthur's base population was formed by crossing

six inbred lines of mice.

An extensive study on selection for six-week body weight was

reported by Falconer in 1953b and 1955. The method of selection was
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within-family, and the base population was a four-way cross of

inbred lines. Six pairs of mice were mated for each generation and

litter size was standardized to eight young at birth. The rate of in-

breeding was controlled by mating to minimize inbreeding. Selection.

was for lines of both large and small six-week body weight. Falconer

found that selection for small size was about three times as effective

as selection for large size. After about twenty generations of

selection, limits were apparently reached at about 28 grams in the

large line and about 13 grams in the small line. The divergence be-

tween the two lines was eight times the phenotypic standard deviation

and sixteen times the genetic standard deviation. Estimates of

heritability were 17. 5+ 1. 6 per cent in the large line and 51. 8 + 2. 3

per cent in the small line. Falconer also concluded that at the

limit, genetic variation had been exhausted in the large line, but

that the limit reached in the small line represented a balance be-

tween artificial and natural selection.

Falconer further analyzed six-week body weight by dividing

six-week body weight into two components, preweaning (three weeks)

and postweaning. He found that the asymmetry observed in six-week

body weight was caused by the preweaning component. Postweaning

gain showed no asymmetry.

In relation to genotype by environment interactions, two con-

flicting reports are presented, one by Falconer and Latyszewski
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(1952) with mice and the other by Park, Hansen, Chung and Chapman

(1966) with rats. Both experiments were based on post-weaning

growth on full and limited feeding regimes. Falconer and Latyszew-

ski (1952) reported realized heritabilities of .20 and .29 under full

and limited feeding regimes respectively. The improvement attained

under the full feeding regime was not expressed when mice were

reared on the restricted diet. However, mice selected on the re-

stricted diet performed equally well on either feeding regime. Park

et al. (1966) found in rats that realized heritabilities were .11 and .06
OMMININIO

on full and restricted diets respectively. Parks found that lines per-

formed better under the feeding regime in which they were selected

than did lines selected under other feeding regimes. Falconer (1960a)

suggested that growth rate on a restricted diet reflects efficiency

while selection on a high plane reflects differences in appetite.

Rahnefeld, Boylan, Comstock and Singh (1963) reported on

selection for growth between 18 and 42 days in a line formed from a

cross of two inbred lines. The response in mean growth for 17

generations was 4.28+ .34 grams. This increase represents about

six times the original genetic standard deviation. Realize herita-

bility using mass selection was about 17%.

El Ohsh, Sutherland and Williams (1967) in an experiment

designed to examine the prenatal and postnatal maternal effects on

growth in mice, reported the heritabilities of birth weight, weaning
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weight, and gain from weaning to 42 days to be 0. 0, 16. 0, and 36.9

per cent respectively. A heritability of zero for birth weight was

indicated by a negative sire component; however, it would not agree

with MacArthur's 1949 report where a correlated response was ob-

served for birth weight when selection was for 60-day body weight.

A report by Sutherland, Biondini and Haver land (1968) in which

they examined the effects of assortative and disassoratative matings

on selection for six-week body weight showed that the two systems of

mating appeared to have no effect on selection progress or on the

genetic variances. Realized heritability was about 25% for assorta-

tive, disassortative and randomly mated lines under upward selec-

tion. Heritabilities for downward selection were not as consistent

for all three methods but were somewhat higher.

A recent report by Vinson, Eisen and Robinson (1969) reported

heritability estimates based on paternal half-sib correlations. Esti-

mates were given for birth weight, weaning weight and for post-

weaning gain (21 to 42 days). Two lines designated as C2 and ICR

were mated in all possible combinations to give four separate esti-

mates. For postweaning gain, the calculated heritabilities were

0.37 and 0.76 for pure line matings, and 0. 11 and 0.42 for cross-

bred matings. For weaning weight, zero heritabilities were found

for three of the matings and an e stimate of 0.32 was given for the

C
2

x ICR mating. Estimates of heritability for birth weight were



13

given as 0. 34, 0.20, 0.19, and 0.15 for C2 x C2, C2 x ICR, ICR x

C2 and ICR x ICR matings respectively.

Relationships between Litter Size and Body Weight Traits

Estimates of the relationship between traits of interest are

generally found either by observing the correlated responses to se-

lection or by examination of the components of a covariance analysis.

Estimates obtained in either manner indicate the response which

would be expected as a result of selection for the correlated trait..

However, research by Cockrema959) showed that a reasonable

response could be made in two traits (body size and tail length) in

spite of an opposing genetic correlation.

MacArthur (1944b) found a correlated response in litter size

and birth weight while selecting for 60-day body weight. After

eight generations of selection for large and small body size, mice

of the large line produced 84 per cent larger litters and individual

birth weights were 24 per cent heavier. When the total weight of

the whole litter at birth was considered the weight in the large line

was over twice as much as in the small line. However, when ex-

pressed as a per cent of the dam's weight, total litter weight was

about one-third of the dam's weight in both lines.

Falconer (1953b) reported correlated responses to selection

for six-week body weight in litter size and weaning weight. For
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litter size Falconer found that the large line increased, while the

small line decreased in litter size. A slightly different response

was observed for weaning weight. In the small line, weaning weight

decreased; however, in the large line no consistent change in

weaning weight was observed.

Fowler and Edwards (1960) examining two unrelated strains

selected for large and small body size reported correlated responses

in ovulation rate and litter size. In one strain selection was on six -

week body weight (strain N), while in the second strain, selection

was for weight gain from three to six weeks (strain C). In the N

strain, the large line had a body weight of 30.1 grams and a litter

size of 7.9, while in the small line, body weight was 13.3 grams with

a litter size of 4.0. Corresponding values for the C strain was 35.9

and 9.2 for the large line and 17. 6 and 6. 2 in the small line for body

weight and litter size respectively.

Roberts (1961) examined lifetime production of small and

large lines of mice. He found that although large-line females gave

birth to larger litters, their lifetime production was only about half

as great as for small-line females. On the average small-line

females gave birth to about eleven litters averaging 4.35 young pex

litter. Large-line females gave birth to about 4.5 litters averaging

6. 6 young per litter. The mean total weight of offspring weaned

from females of the large line was about 188 grams while for low-
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line females about 236 grams of mice were weaned.

Rahnefeld, Boylan and Comstock (1962) studied the relationship

between litter size and postweaning growth (18 to 42 days). The

genetic correlation was computed by analysis of covariance and was

reported to be 0.15. This estimate was not significantly different

from zero.

Singh (1965) using the same line (S) as did Rahnefeld plus a

second line (S') derived in the same manner (crosses of two inbred

lines), reported genetic correlations for weaning weight and post-

weaning growth. From the analysis of covariance, Singh found the

genetic correlation to be 0.35 and 0.17 for the S and S' lines re-

spectively. However, when consideration was given to the observed

correlated response to postweaning growth, estimates of genetic

correlation were given as 0. 59 and 0. 54 for the S and S' lines.

Singh also reported that the fertility of selected parents was not

correlated with their postweaning growth.

Young and Legates (1965) in a cross-fostering experiment

reported phenotypic and genotypic correlations for weaning weight

and postweaning gain (21 to 42 days). The genetic correlation was

reported to be 0. 49 and the phenotypic correlation was given as 0.07.
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Maternal Effects on Litter Size and Body Weight

It has been noted that larger mice tend to produce larger

litters and that smaller mice tend to produce smaller litters. Fur-

ther complications arise from the fact that females born in large

litters tend to have their body weight depressed to the extent that

thay in turn produce smaller litters. These interactions were exa-

mined by Falconer in 1955 and in more detail in 1965.

Falconer (1955, 1965) calculated standardized partial regres-

sion coefficients relating to mother's litter size, to daughter's litter

size and to daughter's six-week weight. His results based on the

1965 findings are presented in figure 1. The body weight of a dam

was negatively correlated with the size of the litter in which she was

born and positively correlated with the size of the litter which she in

turn produces. Since the product of these two partial regression

coefficients is negative, and the measured partial regression coeffi-

cient is +0. 07 between dam litter size and daughter litter size, then

there must be a direct genetic path causing the observed positive

coefficient.

mother' s
litter size

+. 071

daughter' s
litter size

-.34

+.29

daughter's six-week weight

Figure 1. Standardized partial regression coefficients. Falconer
(1955, 1965).
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Maternal effects have been observed in mice for several years.

When strains of mice are crossed reciprocally, differences in reci-

procal hybrids indicate different maternal environments. More de-

tailed studies concerning maternal effects have been carried out more

recently by Brumby (1960), Young (1965), and El Ohsh (1967) using

ova transfer and cross-fostering techniques.

Brumby (1960) examined differences between large and small

lines of mice. He concluded that selection for body size resulted in

different maternal environments, which could be called a correlated

response. A large prenatal influence was found and the postnatal

influence was shown to be dependent on the genetic constitution of the

young suckled. Brumby found that maternal effects on body weight

persisted until the mouse was at least three months old.

Young (1965) reported on a cross-fostering study involving

1326 mice in an unselected population. For birth weight, 38% of the

total variation was attributed to prenatal influences. At weaning

(21 days), 12% and 61% of the total variation was accounted for by

prenatal and postnatal influences respectively. For postweaning

gain (21-42 days), the correponding figures were 13% and 4% re-

spectively. The prenatal value given for the number of mice born

was 14% of the total variation.

El Ohsh (1967) used two methods to estimate prenatal and post-

natal influences on growth in mice. Estimated values, as per cent of
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total variance, using a sib analysis for prenatal influences for birth

weight, weaning weight, and postweaning gain (21 to 42 days) were

51, 11, and 9 per cent respectively. Corresponding values for post-

natal effects were -14, 29, and 12 per cent respectively. Using a

cross-fostering technique, estimated per cent of total variance values

was 61, 10, and 2 per cent for prenatal effects and 0, 52, and 11 per

cent for postnatal effects for the respective traits.
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MATERIALS AND METHODS

Mice were used to compare the index and elite methods of

selection. Four traits were examined: litter size at birth, birth

weight, weaning weight (21 days), and postweaning gain (21 to 28 days).

Lines were selected for an increase or for a decrease in the four

traits, using either the index or elite methods of selection. Randomly

selected control lines were also maintained throughout the experi-

ment. The experiment consisted of two replications, for a total of

ten lines.

The ten lines were designated as: C-control, HI-high index,

LI-low index, HE-high elite, and LE-low elite. A subscript was

used to indicate the replication to which the line belonged. For

example, the HI
2

line would be the index line in the second replica-

tion selected for an increase in the four traits.

The elite and index methods differ in the method by which re-

placement mice were selected. Mice in the index lines were selected

on overall merit for the four traits. The relative emphasis given to

each trait depends on the genetic parameters and the net economic

value of the selected traits. The index was constructed so as to

maximize the change in economic value in the selected lines. In the

elite method, one-fourth of the replacement stock for each sex was

selected for litter size without consideration for the other three



20

traits, one-fourth for birth weight, one-fourth for weaning weight

and one-fourth for post-weaning gain. Matings were made at random

within each line regardless of the method of selection.

In order to construct an index, data from previous work col-

lected on 300 dams and 100 sires were analyzed. From these data,

heritability estimates and estimates of genetic and phenotypic corre-

lations were determined. The data were not adequate to determine

the estimates involving litter size. A survey of the literature was

made to obtain reasonable estimates for these parameters. When

economic values were considered to be equal for all traits, the esti-

mated parameters yielded the following index:

I = litter size - 7. 55 (birth weight) + 1. 48 (weaning

weight) + 1.23 (postweaning gain)

It was attempted to maintain all lines at twenty females and

four males. However, because of low reproductive performance, it

was necessary at times to keep females from previous generations

to maintain lines at the planned size; therefore, generations were not

distinct. For this reason, the interval from selection of replacement

stock to the next selection period was called a cycle.

In the early cycles (one to three), old females needed to main-

tain line size were randomly selected from those which had shown

their fertility in the previous cycle. However, in later cycles the
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requirement of fertility was dropped in order to have sufficient females

from which to randomly select additional dams. Enough male mice

were born in every line and in each cycle so that a different set of

males was used for each mating.

Females and males were mated when the youngest selected

mouse was between 56 and 60 days of age. A breeding unit consisted

of a male and five females. Males were left in the breeding cage for

fifteen days. Females were placed in individual cages as soon as it

was apparent that the female was pregnant.

Pregnant females were examined at the same time each day for

new litters. At that time the number of live mice (litter size) was

recorded and individual birth weights were taken to the nearest 0.01

gram. A toe clip procedure was used at that time to give each mouse

an identification number and each mouse was marked accordingly. At

weaning (21 days) and at 28 days mice were weighed to the nearest 0.1

gram and given a litter number. Males and females were placed in sepa-

rate pens grouped by lines. Selections were made as soon as the

youngest mouse reached 28 days and calculations could be completed.

An additional weight was taken for selected males and females at the

time they were mated.

In the first and second cycle, litters were born in six-inch

square cages and remained there from birth to twenty-one days, at

which time the dam was removed. Large litters which needed more

space were moved to six by twelve inch cages until they were weighed
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and separated by sex at 28 days of age. From 28 days until mating

for the following cycle, mice were kept in colony cages according

to line and sex. From the third cycle to the end of the experiment,

litters were born in five-inch round cages. At about ten to twelve

days of age, litters of less than eight mice were placed in the six-

inch square cages, and litters of eight or more were placed in the

six by twelve-inch cages until they were 28 days of age. A commer-

cial laboratory feed was used throughout the experiment.

To form the initial parent population, virgin female mice

weighing between 23 and 27 grams were randomly assigned to lines

and breeding groups. Male mice weighing more than 25 grams were

used as the male parents. Because there were not two hundred

females between 23 and 27 grams available from the laboratory

population at the same time, it was necessary to extend the initial

matings over a six-week period.

Data were collected on seven generations of mice. A compari-

son of the selected lines with control lines and also an examination of

the divergence between high and low selected lines were used to

determine the relative effectiveness of the two methods of selection.

Phenotypic variances were also examined to determine if the two

methods of selection had any effect on phenotypic variance. Means

were also calculated for selected parents so that selection differen-

tials and realized heritabilities could be examined.
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Means were calculated for each trait in each line within

cycles. Overall means with equal weight for each line were calcu-

lated (table I) for each trait and cycle. Also, an overall standard

deviation was calculated for each trait over the seven cycles (table

2). These means were used to remove cycle differences.

In the final analysis, values for each trait were expressed as

deviations from the cycle mean divided by the calculated standard

deviation. Thus the value for each trait was expressed as the num-

ber of standard deviations from the cycle mean. Also, a measure

of total phenotypic merit was calculated by taking a sum of the de-

viations for each of the four traits. Total merit was then given the

greatest consideration in evaluating the progress of the selected

lines. Values for individual traits were used to help explain the

results observed in total merit.
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Table 1. Means of individual traits within cycles equally weighted
for each line.

Cycle Litter Birth Weaning Post-
Size Weight Weight weaning

Gain

1 9.253 1.635 7.188 4.681

2 9.443 1.654 7.513 4.670

3 9.101 1.645 8.463 4.923

4 9.175 1.563 7.519 4.238

5 8.471 1.587 8.078 4,721

6 8.530 1.717 8.226 4.261

7 9.009 1.645 8.579 5.384

Table 2. Overall standard deviations.

Trait Standard
Deviation

Litter size 1.857

Birth weight . 1916

Weaning weight 1.860

Postweaning gain 1.985
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RESULTS AND DISCUSSION

Performance values for individual traits are expressed as the

deviation from the overall cycle mean (equally weighted for each line)

divided by the appropriate standard deviation. Total phenotypic merit

was found by summing the standard deviations of the four individual

traits for each mouse. The average deviation from the population

mean in standard deviations for each of the four traits and for total

merit of the ten lines are presented in tables 3 through 7. The com-

bined results represent the mean value of the two replicated lines

selected by the same method in a given direction. The appropriate

estimate of standard error follows each mean. In the index lines

only one replication was available for the seventh cycle, thus the

combined results in that cycle represent only the one selected line.

Comparison of Elite and Index Selection as

Evaluated by Total Merit

Figure 2 is a graphic presentation of the data for total merit

for the combined results presented in tables 3 through 7. In each

case a quadratic line has been drawn to represent the seven mean

values for total merit found in each table. All graphs have been ad-

justed so that the first cycle values in all lines equal zero,



Table 3. Population size and the average deviation from the population mean in standard
deviations for individual traits and total merit (± S. E.) for control lines.

Cycle
Litter
Size

Birth
Weight

Weaning
Weight

Post-
weaning

Gain
Total
Merit

Line
Size

Rep. 1
1 +0. 41±. 26 +O. 17±. 19 +0. 49±, 17 +0. 73±, 13 +1. 80±. 41 41

2 +0. 06±. 07 -0. 35k. 09 -0. 49±. 16 +0. 27±. 11 -0. 50±. 24 16

3 -O. 22±. 27 +0, 31±. 16 -O. 35±. 25 - 0.111.22 -0. 37±. 41 35
4 +0. 68±. 10 -0. 16±. 07 -0. 47±. 09 -0. 19±, 09 -0. 14k. 19 92

5 -0. 59±. 10 -0. 14±. 15 -O. 32±. 15 +0. 08±, 15 -0. 96k. 34 37

6 +0.36 ±. 11 +0. 14±. 13 +O. 01*. 11 +0. 17±. 09 +0, -67±. 22 119
7 +0. 65k. 09 -0. 48±. 09 -0. 70±. 10 -0. 35±, 13 -0. 89k. 20 72

Rep. 2
1 +0. 26±. 11 -0. 10±. 15 -0. 50±. 14 -0. 68±. 21 -1, 03±. 27 22

2 -1. 16±. 24 +0. 32±. 17 +0. 81±. 16 +0. 27±. 17 +0. 24±. 29 28
3 -0. 21k. 09 -0. 08±. 11 +0. 09±. 12 +0. 07±. 12 -0. 13±. 28 70
4 -0. 42±. 14 -0. 24±. 18 +0. 05±. 13 -0. 19k. 12 -0. 81±. 38 47

5 -0. 12±. 10 -0. 31±. 15 +0. 02±. 08 +0. 11±. 12 -0. 30±. 21 60
6 -0. 22±. 11 -0. 11±. 20 +0. 21±. 24 +0. 16±. 26 +0. 03±. 48 25
7 -0. 02±. 14 -0. 01±. 15 -0. 09±. 09 -0. 41±. 14 -0, 52±. 26 69

Combined results
1 +0. 34±. 17 +0. 03±. 13 -0. Olk. 12 +0. 03±. 11 +0. 39±. 28 63

2 -0. 55±, 16 -0. 01±. 11 +0. 16±. 12 +0. 27±. 12 -0. 13±. 20 44
3 -0. 22±. 11 +0. 11±. 09 -0. 13±. 12 -0. 02±. 11 -0. 25±. 23 105

4 +0. 13±. 08 -0. 20±. 08 -0. 21±. 07 -0. 19±. 07 -0, 47±. 18 139
5 -0. 35±. 07 -0. 23±. 11 -0. 15±. 07 +0. 10±. 09 -0. 63±. 18 97

6 +0. 07±. 09 +0. 0 1 ± 1 1 1 +0.11±. 10 +0. 16±. 09 +0. 35±. 20 144
7 +0. 31k. 08 -0. 24±. 08 -0. 40±. 07 -0. 38±. 10 -0. 71±. 14 141



Table 4. Population size and the average deviation from the population mean in standard
deviations for individual traits and total merit (± S. E.) for high index lines,

Cycle
Litter

Size
Birth

Weight
Weaning
Weight

Post-
weaning
Gain

Total
Merit

Line
Size

Rep. 1
1 +0.41±. 10 -0.73±. 15 +0.10±. 08 +0,61±. 11 +0.40±, 25 44
2 +1.25±. 17 -0.09±. 12 +0.21±. 17 - 0.10 ±.19 +1.27 ±.36 37

3 -0. 05 ±. 11 +0, 09 ±. 08 +0. 23*. 14 +0. 14 ±. 13 +0. 41 ±. 27 65

4 -0.05±. 11 +0.23±, 11 +0.27±. 11 +0, 18 ±. 10 +0.63±. 20 102

5 +0.14±.04 +0.05±.16 +0.07±.12 +0.45±.13 +0.71±.35 76

6 +0.54±. 14 +0, 28 ±. 09 +0. 42 ±. 13 +0. 43 ±, 12 +1.67±. 22 91

7 +0. 29 ±. 08 +0,29±. 07 +0, 56±. 10 +0. 65±, 07 +1.79±. 17 142

Rep. 2
1 -0.14±. 24 +0.41+. 18 -0.04±. 15 -0.04±. 16 +0.19±. 25 30

2 -0. 53 ±. 30 -0.15±. 24 -0.35±. 15 +0. 54 ±. 13 -0. 49 ±, 29 13

3 +0. 62 ±. 28 +0. 03 ±. 18 +0. 18 ±. 21 +0. 14 ±, 11 +0. 97 ±. 30 39

4 +0. 55 ±. 14 +0. 05 ±. 10 -0.29±, 11 +0, 30 ±. 10 +0. 60 ±. 20 97

5 +0. 14 ±. 10 -0.41+. 09 -0. 18 ±. 08 +0, 09 ±. 10 -0. 37 ±. 16 76

6 -0.17±. 13 -0.72±. 12 -0.36*. 11 +0.39±. 14 -0.87±. 25 57

Combined results
1 +0. 14 ±. 11 -0,16+, 12 +0. 03 ±. 07 +0. 28 ±. 09 +0.30±. 18 74

2 +0.36 ±.15 - 0.12 ±.11 - 0.07 ±.13 +0.22±.14 +0.39 ±.28 50

3 +0.29 ±.12 +0.06 ±.09 +0.21 ±.12 +0.14 ±.09 +0.69 ±.20 104
4 +0.25 ±.09 +0.14 ±.08 - 0.01±.08 +0.24 ±.07 +0.61 ±.14 199

5 +0. 14 ±. 05 -0.18±. 09 -0.06±. 07 +0.27±. 08 +0. 17 ±. 19 152

6 +0. 18 ±. 10 -0, 22 ±. 07 +0. 03 ±. 09 +0.26±. 09 +0. 40 ±. 17 148
7* +0. 29±. 08 +0.29±. 07 +0. 56 ±. 10 +0, 65 ±. 07 +1.79±, 25 142

* one replication only



Table 5. Population size and the average deviation from the population mean in standard
deviations for individual traits and total merit (+S. E. ) for high elite lines.

Litter
Cycle Size

Birth
Weight

Weaning
Weight

Post-
weaning
Gain

Total
Merit

Line
Size

Rep. 1
1 +0. 22±. 10 +0. 03±. 16 -0. 42±. 10 -0. 73±. 12 -0. 90±. 27 47
2 +0.81 ±. 09 -0. 63±. 09 -0. 38±. 08 -0. 59±. 14 -0. 79±. 23 39
3 +0. 48±, 10 -0. 38±. 12 -0. 25±, 12 -0. 29±. 10 -0. 44 ±. 21 77
4 -0. 31±. 15 -0. 09±. 15 +0. 11k. 15 -0. 12±. 13 -0. 41±. 30 54
5 +0. 21±. 09 -0. 27±. 09 +0. 40±. 17 +0. 24±, 13 +0. 58±. 28 36
6 -0. 08 ±. 08 -0, 06±. 11 +0. 09±. 13 +0. 17±, 16 +0. 12±. 30 36
7 -0. 53±. 21 +0. 29±. 16 +0. 61±. 17 -0. 19±. 14 +0. 18±. 36 34

Rep. 2
1 -0. 82±. 19 +0. 28±. 16 +0. 18±. 18 -0. 10±. 17 -0. 45±. 34 38
2 -0. 19±. 16 +0. 75±. 15 +0. 18±. 17 +0. 25±. 18 +0. 98±. 30 23
3 -0. 14±. 09 -0. 09±. 12 +0. 21±. 10 +0. 30±. 08 +0.28 23 74
4 -0. 08±. 06 +0, 27±. 09 +0. 12±. 08 +0. 22±. 08 +0. 53±. 19 133
5 -0. 07±. 08 +0. 49±. 13 +0. 42±. 10 -0. 14±. 12 +0. 70±. 23 74
6 +0. 50±. 10 +0. 15±. 19 -0. 47±. 17 -0. 65±, 22 -0. 47±. 41 22
7 +0. 40±. 18 +0. 18±. 11 -0. 09±. 17 -0. 27k. 10 +0. 22±. 20 70

Combined results
1 -0. 30±. 10 +0. 16±. 12 -0. 12±. 10 -0. 41±. 10 -0. 68±. 21 85
2 +0. 31±. 08 +0, 06±. 08 -0. 10±. 08 -0. 17±. 11 +0. 10±. 18 62
3 +0. 17±. 07 -0. 24±. 08 -0. 02±. 08 0. 00±. 07 +0. 08±. 15 151
4 -0. 20±. 06 +0. 09±. 08 +0. 11k. 07 +0. 05±. 07 +0. 06 ±. 16 187
5 +0. 07±. 06 +0. 11k. 09 +0. 41± 08 +0. 05±. 09 +0. 64±. 18 110
6 +0. 21±. 06 +0. 04±. 10 -0. 19±. 11 -0. 24±. 13 -0. 17±. 24 58

-0. 06±. 14 +0. 23±. 09 +0. 26±. 10 -0. 23±. 08 +0. 20k. 18 104 coco



Table 6. Population size and the average deviation from the population mean in standard
deviations for individual traits and total merit ( ±S. E.) for low index lines.

Cycle
Litter
Size

Birth
Weight

Weaning
Weight

Post-
weaning
Gain

Total
Merit

Line
Size

Rep. 1
1 -0. 22±. 12 -O. 10+. 14 -0, 04±. 19 -0. 35+. 21 -0. 71±. 41 37
2 +0. 70±. 17 -0. 63+. 15 -0. 54+. 13 -0. 49±. 18 -0. 96±. 34 28
3 -0. 45±. 11 +0. 07±. 14 +0, 29+. 17 +0. 22+. 11 +0. 13±, 26 38
4 +0. 37±. 07 +0. 24 ±. 09 -0. 07 ±. 08 +0.11 ±. 07 +0. 66+, 15 115
5 +0. 28±. 11 +0, 04±. 27 -0. 24+. 18 -0. 09+. 27 0. 00+. 69 18
6 +0. 05±. 17 -0. 29+. 22 -0. 01±. 18 -0. 12±. 11 -0. 38±. 43 47
7 -0. 01±. 14 -0. 51+, 1 1 -0. 14+. 12 -0. 14±. 10 -0. 81±. 25 94

Rep. 2
1 -0. 25+. 14 - 0.22+.13 - 0.24+.12 +0. 15±. 14 -0. 55±, 24 28
2 -0. 18±. 16 +0. 51+. 22 +0. 01±. 19 +0. 03±. 18 +0. 38±. 40 26
3 -0. 24±. 13 +0, 45±. 10 -0. 28+. 16 +0. 15±. 14 +0. 07±. 31 40
4 -0. 03+. 10 -0. 14±. 13 -0. 54+, 11 -0. 48±. 14 -1, 19±. 25 62
5 +0, 30+. 12 +0, 27+. 11 - 0.59 +,10 -0. 08±. 14 -0. 10±. 33 66
6 -0. 38+. 14 -0. 03±. 20 -0. 51±. 15 -0. 42±. 21 -1. 34+, 50 28

Combined results
1 -0. 24±. 09 -0. 16±. 10 -0. 14+. 12 -0. 10+. 14 -0. 63±. 26 65
2 +0. 26±. 12 -0. 06+. 13 -0. 26±. 11 -0. 23+. 13 -0. 29±. 26 54
3 -0. 35+. 08 +0. 26+. 09 0. 00+ 12 +0, 19±. 09 +0. 10+. 20 78
4 +0. 17±. 06 +0. 05±. 07 -0. 31±. 06 -0. 18±. 07 -0. 27±. 13 180
5 +0. 29 ±. 10 +0. 15 ±. 10 -0. 41±. 09 -0. 09±. 13 -0. 05±. 30 84
6 -0. 17±. 12 -0. 16±. 16 -0. 26+. 13 -0. 27±. 11 -0. 86±. 33 75
7* -0. 01+. 14 -0. 51±. 11 -0. 14±. 12 -0. 14±. 10 -0. 81±. 25 94

*one replication only



Table 7. Population size and the average deviation from the population mean in standard
deviations for individual traits and total merit (± S. E. ) for low elite lines.

Litter
Cycle Size

Birth
Weight

Weaning
Weight

Post-
weaning
Gain

Total
Merit

Line
Size

Rep. 1
1 +O. 43±. 21 +O. 11k. 26 +O. 18±. 18 +0. 03±. 21 +O. 74±. 41 37
2 +O. 63±. 15 -0. 55±. 1 1 -0. 49±. 13 -0. 15k. 19 -O. 57±. 33 47
3 +0. 44±. 1 1 -0. 33±. 10 -0. 18±. 12 -0. 38±. 12 -0. 45±. 23 85
4 -0. 20±. 07 -0. 12±. 09 +0. 60±. 16 +0. 12±. 17 +0. 40±. 34 60
5 +0. 02±. 09 -0. 30k. 11 -0. 42±. 11 +0. 01±. 15 -0. 70±. 30 52
6 -0. 03±. 13 -0. 58±. 25 +0. 13±. 20 +0. 07±. 33 -0. 42±. 60 15
7 -0. 04±. 20 +0. 18±. 14 +0. 19k. 18 +0. 01±. 20 +0. 34±. 31 41

Rep. 2
1 -0. 31±. 05 +0. 15±. 19 +0. 30±. 10 +0. 36±. 14 +0. 50±. 34 22
2 -1. 41±. 19 +0. 82±. 31 +0. 95k. 32 -0. 12±. 23 +0. 25±. 45 23
3 -0. 24±, 10 -0. 07±. 10 +0. 05±. 09 -0. 24k. 12 -0. 49±. 21 85
4 -0. 52±. 38 -0. 05±. 24 +0. 23±. 25 +0. 05±. 19 -0. 28±. 32 23
5 -0. 33±. 20 +0. 60±. 27 +0. 84k. 31 -0. 67k. 44 +0. 44±. 77 15
6 -0. 55±. 33 +1. 21±. 46 +0. 50±. 42 -0. 19±. 48 +0.97 ±1.05 12
7 -0. 38±. 38 +0. 11±. 24 +0, 07±. 11 +0. 70±. 14 +0. 49±. 35 10

Combined results
1 +0. 06±. 13 +0. 13±. 18 +0. 24±. 12 +0. 20±. 14 +0. 62±. 29 59
2 -0. 39±. 12 +0. 14k. 12 +0. 23±. 10 -0. 14k. 15 -0. 16±. 27 70
3 +0. 10±. 08 -0. 20±. 07 -0. 06±. 07 -0. 31±. 08 -0. 47±. 16 170
4 -0. 36±. 12 -0. 08±. 09 +0. 42k. 14 +0. 09±. 13 +0. 06±. 26 83
5 -0. 16±. 08 +0. 15±, 10 +0.21 ±. 11 - 0.33 ±. 15 -0. 13±. 29 67
6 -0.29±. 16 +0. 32±. 25 +0.31 ±. 22 -0. 06±. 28 +0. 28±. 56 27
7 -0, 21±. 18 +0. 14±. 12 +0. 13±. 15 +0. 36±. 16 +0. 41±. 26 51 Lx)0



C = control
HI = high index
HE = high elite
LI = low index
LE = low elite
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Figure 2. Mean total merit, adjusted to zero for cycle one.
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By the end of the seventh cycle the high index, high elite and low

elite lines (figure 2) had increased a total of 0. 57, 0.47 and 0.30 units

respectively. The low index and the control lines had decreased by

0. 47 and 0. 51 units respectively. The selection differentials which

produced these responses are presented in tables 8 through 12, . The

corresponding accumulative selection differentials for the high index,

high elite and low elite lines were +7.16, +6.36, and -1.25 units

respectively. For the low index and control lines, the selection dif-

ferentials were +5.14 and +1.97. Thus, only the high index, high

elite and low index lines responded in the direction indicated by the

selection differentials.

The decline observed in the combined results for the control

lines (table 3 and figure 2) is primarily due to the response observed

in the C
1

line. In the combined results, the effect of the C
1

line is

great enough to cause a combined decrease, in spite of a positive

selection differential.

The combined results for the high index lines (table 4 and

figure 5) show that values for total merit were consistently in-

creasing. However, it can be seen that only one replication accounted

for the increase response in the combined results. The second

replication tended to decrease in an irregular manner.

In the high elite lines (table 5 and figure 2) the response in

total merit was quite irregular, but in general it was in a positive



Table 8. Numbers of selected parents and selection differentials for control lines.

Cycle

Number of selected Selection differentials

Sires
Old

Dams Dams
Litter
Size

Birth
Weight

Weaning
Weight

Post-weaning
Gain

Total
Merit

Rep. 1
1 4 17 3 -0.15 -0.11 +0.08 +0.26 +0.08
2 4 6 7 +0.07 -0.07 -0.11 +0.09 -0.03
3 4 15 3 -0.03 +0.09 +0.29 +0.25 +0.58
4 4 20 0 -0.43 -0.40 +0.52 +0.40 +0.08
5 4 20 0 +0.08 +0.20 +0.36 +0.55 +1.17
6 4 20 0 -0.37 +0.76 +0.71 +0.29 +1.43

Rep. 2
1 4 4 16 +0.06 +0.01 +0.16 +0.17 +0.40
2 4 12 8 -0.15 +0.01 -0.17 0.00 -0.31
3 4 20 0 +0.14 -0.47 -0.17 +0.40 -0.09
4 4 16 4 +0.32 +0.39 +0.37 +0.36 +1.51
5 4 20 0 -0.29 -0.21 +0.26 -0.25 -0.51
6 4 11 5 -1-0.23 -0.25 -0.37 -0.02 -0.37

Combined results (Sum of rep. 1 and rep. 2)
1 8 21 19 -0.09 -0.10 +0.24 +0.43 +0.48
2 8 18 15 -0.08 -0.06 -0.28 +0.09 -0.34
3 8 35 3 +0.11 -0.38 +0.12 +0.65 +0.49
4 8 36 4 -0.11 -0.01 +0.89 +0.76 +1.59
5 8 40 0 -0.21 -0.01 +0.62 +0.30 +0.66
6 8 31 5 -0.14 +0.51 +0.34 +0.27 +1.06

Selection differential/line/cycle -0.043 -0.004 +0.161 +0.208 +0.328



Cycle

Table 9. Numbers of selected parents and selection differentials for high index lines.

Number of selected Selection differentials

Sires Dams
Old
Dams

Litter
Size

Birth
Weight

Weaning
Weight

Post-weaning
Gain

Total
Merit

Rep. 1
1 4 20 0 +0,27 -0.37 +0.12 +0.15 +0.17
2 4 12 8 -0.11 +0.26 +0.55 +0.77 +1.46
3 4 20 0 +0.02 -0.15 +0.51 +0.40 +0.77
4 4 20 0 +0.07 -0.82 +0.79 +0.90 +0.93
5 4 20 0 +0.07 +0.82 +1.28 +1.06 +3.31
6 4 20 0 -0.10 -0.20 +1.14 +1.46 +2.25

Rep. 2
1 4 19 1 +0.15 +0.22 0.00 +0,15 +0.52
2 4 6 4 +0.25 -0.17 -0.02 +0.13 +0.22
3 4 16 4 -0.02 +0.13 +0.54 +0.47 +1.12
4 4 20 0 +0.41 -0.17 +0.53 +0.79 +1.56
5 4 20 0 +0.70 -0.57 +0.12 +0.55 +0.81

Combined results (Sum of rep. 1 and rep. 2)
1 8 39 1 +0.42 -0.15 +0.12 +0.30 +0.69
2 8 18 12 +0.14 +0.09 +0.53 +0.90 +1.68
3 8 36 4 0.00 -0.02 +1.05 +0.87 +1.89
4 8 40 0 +0.48 -0.99 +1.32 +1.69 +2.49
5 8 40 0 +0.77 +0.25 +1.40 +1,61 +4.12
6* 4 20 0 -0.10 -0.20 +1.14 +1.46 +2.25

Selection differential/line/cycle +0.155 -0.093 +0.505 +0.621 +1.193

* one replication only



Table 10. Number of selected parents and selection differentials for high elite lines.

Cycle

Number of selected Selection differentials
Old

Sires Dams Dams
Litter
Size

Birth
Weight

Weaning
Weight

Post-weaning
Gain

Total
Merit

Rep. 1
1 4 20 0 -0.06 +0.29 +0.11 +0.31 +0.65
2 4 16 4 +0.07 +0.15 +0.09 +0.31 +0.63
3 4 20 0 -0.44 +0.67 +1.05 +0.87 +2.14
4 4 20 0 -0.55 +0.54 +0.98 +0.70 +1.67
5 4 16 4 -0.06 +0.19 +0.38 +0.03 +0.50
6 4 12 7 -0.06 +0.04 +0.35 +0.32 +0.65

Rep. 2
1 4 15 5 +0.38 +0.45 +0.03 +0.23 +1.07
2 4 11 6 -0.19 +0.4.8 +0.12 +0.21 +0.35
3 4 20 0 +0.12 +0.68 +0.63 +0.31 +1.75
4 4 20 0 -0.02 +0.53 +0.71 +0.50 +1.73
5 4 20 0 -0.32 +0.66 +0.35 +0.14 +0.80
6 4 8 12 -0.25 +0.36 +0.42 +0.24 +0.78

Combined results (Sum of rep. 1 and rep. 2)
1 8 35 5 +0.32 +0.74 +0.14 +0.54 +1.72
2 8 27 10 -0.12 +0.33 +0.21 +0.52 +0.-98
3 8 40 0 -0.32 +1.35 +1.68 +1.18 +3.89
4 8 40 0 -0.57 +1.07 +1.69 +1.20 +3.40
5 8 36 4 -0.38 +0.85 +0.73 +0.17 +1.30
6 8 20 19 -0.31 +0.40 +0.77 +0.56 +1.43

Selection differential/line/cycle -0.115 +0.395 +0.438 +0.348 +1.060



Table

Cycle

11. Number of selected parents and selection differentials for low index lines.

Number of selected Selection differentials

Sires Dams
Old

Dams
Litter
Size

Birth
Weight

Weaning
Weight

Poet-weaning
Gain

Total
Merit

Rep. 1
1 4 16 4 +0.07 +0.09 -0.50 -0.36 -0.70
2 4 9 10 0.00 +0.31 -0.13 +0.03 +0.20
3 4 20 0 -0.09 +0.04 -0.34 +0.15 -0.23
4 4 20 0 -0.07 +0.48 -0.72 -0.73 -1.07
5 4 6 14 -0.11 -0.22 -0.28 -0.37 -1.00
6 4 20 0 -0.50 -0.35 -0.56 -0.41 -1.81

Rep. 2
1 4 12 8 +0.03 -0.05 -0.25 -0.29 -0.56
2 4 10 9 +0.25 +0.18 -0.49 -0.57 -0.65
3 4 17 3 -0.18 -0.05 -0.43 -0.26 -0.91
4 4 20 0 -0.15 +0.09 -0.29 -0.27 -0.61
5 4 20 0 -0.64 -0.04 -0.61 -0.80 -2.08

Combined results (Sum of rep. 1 and rep. 2)
1 8 28 12 +0.10 +0.04 -0.75 -0.65 -1.26
2 8 19 19 +0.25 +0.49 -0.62 -0.54 -0.45
3 8 37 3 -0.27 -0.01 -0.77 -0.11 -1.14
4 8 40 0 -0.22 +0.57 -1.01 -1.00 -1.68
5 8 26 14 -0.75 -0.26 -0.89 -1.17 -3.08
6* 4 20 0 -0.50 -0.35 -0.56 -0.41 -1.81

Selection differential/line/cycle -0.132 +0.044 -0.418 -0.353 -0.856

one replication only



Table 12.

Cycle

Number of selected parents and selection differentials for low elite lines.

Number of selected Selection differentials

Sires Dams
Old

Dams
Litter
Size

Birth
Weight

Weaning
Weight

Post-weaning
Gain

Total
Merit

Rep. 1
1 4 18 2 -0.23 +0.60 -0.01 +0.41 +0.77
2 4 14 6 -0.18 -0.06 +0.05 -0.14 -0.32
3 4 20 0 -0.17 -0.35 +0.05 -0.05 -0.51
4 4 20 0 -0.07 0.00 -0.20 -0.11 -0.37
5 4 19 0 -0.16 -0.55 -0.41 -0.40 -1,52
6 4 5 15 -0.02 +0.05 +0.04 -0.03 +0.04

Rep. 2
1 4 10 10 +0.06 +0.03 -0.20 +0.05 -0.05
2 4 10 8 +0.08 -0.48 -0.36 +0.39 -0.38
3 4 20 0 +0.06 -0.13 +0.02 -0.55 -0.60
4 4 7 7 -0.25 +0.19 -0.08 -0.03 -0.20
5 4 4 9 0.00 -0.14 -0.31 -0.02 -0.48
6 4 3 12 -0.41 +0.44 +0.48 +0.62 +1.13

Combined results (Sum of rep. 1 and rep. 2)
1 8 28 12 -0.17 +0.63 -0.21 +0.46 +0.72
2 8 24 14 -0.10 -0.54 -0.31 +0.25 -0.70
3 8 40 0 -0.11 -0.48 +0.07 -0.60 -1.11
4 8 27 7 -0.32 +0.19 -0.28 -0.14 -0.57
5 8 23 9 -0.16 -0.69 -0.72 -0.42 -2.00
6 8 8 27 -0.43 +0.49 +0.52 +0.59 +1.17

Selection differential/line/cycle -0.108 -0.033 -0.078 +0.012 -0.208
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direction. The quadratic line for the combined means resulted in a

nearly linear line. The increase in performance was about 0. 078

units per cycle over the six selected cycles. This value represents

a total response of 0. 47 units.

In the low index lines (table 6 and figure 2) a similar but un-

expected response was observed in both replications. Total merit

in the last cycle was a relatively large negative value. However,

in both replications large positive values were observed for inter-

mediate cycles. When results were combined, an increasing

response was observed in the first four cycles reaching a high of

about 0. 51 units above the first cycle value. This high was followed

by a rapid decrease in total merit to around 0.47 units below the

first cycle value by the seventh cycle. This unexpected increase in

early cycles could possibly be attributed to heterosis. If the low

index tended to select mice homozygous for different alleles, some

heterosis could result.

In the low elite lines, total merit increased as indicated by the

quadratic line in figure 2. This response is in the opposite direction

to the expected response. In the first replication (table 7) a decrease

was noted in the observed total merit values. This decrease was

more than offset by an increase in the second replication during the

last three cycles. The increased performance in the second repli-

cation may have been in part due to poor reproductive performance.



39

Mice of smaller litters were larger at birth, heavier at weaning and

gained more in the post-weaning period. In general, the number of

offspring produced in the LE
2

line was only about 15% of the number

of offspring produced in other lines during the last three cycles.

Thus, it was necessary to hold several dams over for second litters,

and no attempt was made to adjust for superior performance of older

dams.

Only the high index and high elite lines responded in the

direction and manner as was expected. However, the rate of pro-

gress was considerably less than one might have predicted. Although

the final value of the low index lines was in the predicted direction,

the reason for the inconsistent manner by which it arrived at that

value is not completely clear. The fact that the low elite lines in-

creased in total merit from the fourth cycle on may be attributed to

reproductive problems observed in one of the replications. It is

exceedingly difficult to explain the results observed in the control

line, particularly since a positive selection pressure did occur.

Had the control lines performed as expected, total merit values

should have fallen near the zero line on the graph.

Realized heritabilities for total merit may be calculated by

dividing the total divergence between lines selected in opposite

directions by the accumulative selection differentials. Calculations

made on total merit values at the end of the seventh cycle yielded
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heritability estimates of 8. 5% for index selection and 2. 2% for elite

selection. Little confidence can be placed in these estimates since

similar calculations made at any other cycle would yield very dif-

ferent results. For example, calculations made prior to the sixth

cycle would have yielded negative heritability estimates for index

selection.

At best, one could conclude from these data that heritability

for total merit is very low. Due to the nature of the response

curves observed in the low selected lines, a more realistic estimate

might be calculated by examining the progress of the high selected

lines above the zero value. The accuracy of such calculations de-

pends to a great extent on the zero line actually representing a state

of zero genetic change from the base population. These calculations

yielded estimates of 8. 0% and 7. 4% for the high index and high elite

lines respectively. These two estimates of heritability are quite

similar as would be expected. Any actual difference in heritability

estimates between index and elite selection methods could be caused

by differences in genetic variances resulting from the two different

selection methods. This point will be considered at more length

later.

These estimates are smaller than would be expected from the

reported heritabilities of the traits studied. Falconer (1960a), Brad-

ford (1968), and Vinson, Eisen and Robinson (1969) reported heri-
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tabilities for litter size ranged from 0. 0 to 44% with an average of

around 15%. Studies by Falconer (1955, 1960a), Rahnefeld et al.

(1963), El Ohsh et al. (1968), and Vinson et al. (1969) reported

heritabilities for body weight and post-weaning gain ranging from 11

to 42% with an average of around 25%. Heritability estimates for

birth weight are not common in the literature, but range from 0. 0%

by El Ohsh et al. (1967) to around 20% by Vinson et al. (1969). Esti-

mates for these traits appear to be around 15 to 25% which is two

to three times as great as that found for total merit in the present

study. The presence of negative correlations between some of the

traits and large maternal environmental effects probably accounts

for most of this difference.

Differences in reproductive performance observed in the low

elite lines may be, in part, due to the selection method. This pos-

sibility may not be limited only to low lines and could, therefore,

have an effect on the observed performance of any elite selected

line. Implications of such a possibility will be considered later in

the thesis.

Examination of Individual Traits and their
Relation to Total Merit

In the control lines (figure 3) the decrease in total merit

appears to be due to corresponding decreases in birth weight,



TM = total merit
LS = litter size
BW = birth weight
WW = weaning weight
PWG = post-weaning gain
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Figure 3. Cycle means for individual traits and for total merit
adjusted to zero at cycle one for control lines.
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weaning weight and post-weaning gain. However, an increase was

observed in litter size. Since litter size is phenotypically negatively

correlated with birth weight, weaning weight and post-weaning gain,

the response observed in these three traits and in total merit may

simply be a correlated response to increasing litter size. Simple

correlations of individual traits on total merit based on the combined

means (table 13) were +. 20, +. 76, +. 77 and +. 56 for litter size,

birth weight, weaning weight and post-weaning gain respectively.

This indicates that birth weight and weaning weight had the greatest

association with total merit.

Table 13. Correlations between total merit and individual traits
based on combined means within lines.

Litter
Size

Birth
Weight

Weaning
Weight

Post-
weaning

Gain
Control .20 . 76 . 77 .56
High index . 45 . 88 . 95 . 83
High elite .43 -.11 .78 . 77
Low index .20 .89 -. 02 .65
Low elite -. 52 . 50 .44 .85

Calculated selection differentials (table 8) show that a small

negative pressure was applied to litter size and positive selection

pressures were applied to weaning weight and post-weaning gain.

Thus these three traits as well as total merit moved in the direction

opposite to the applied selection pressure.
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In the high index lines (figure 4) litter size remained relatively

constant throughout the seven cycles. However, birth weight tended

to increase in early cycles followed by a decreasing trend. The

curve for weaning weight and post-weaning gain is nearly a mirror

image to the birth weight curve. This observed relationship between

birth weight on one hand and weaning weight and post-weaning gain

on the other may be a result of the weighting coefficients in the index.

These coefficients applied negative pressure to birth weight, while

positive pressure was applied to the other three traits. However,

it would not explain why these three traits tended to move in the

direction opposite to the selective pressure in early cycles.

Selection differentials for the individual traits (table 9) were

small positive values for litter size and small negative values for

birth weight. Selection differentials were relatively large and posi-

tive for both weaning weight and post-weaning gain.

Simple correlations (table 13) for individual traits on total

merit were calculated by using the combined means. The correla-

tions indicate that birth weight, weaning weight, and post-weaning

gain had large effects on total merit, while the effect of litter size

was relatively small.

The appropriate curves for the combined results of the high

elite lines are given in figure 5. As in the high index lines, litter

size remained near zero. Post-weaning gain appears to be increasing

in a nearly linear response, while weaning weight and birth weight
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Figure 4. Cycle means for individual traits and for total
merit adjusted to zero at cycle one for high index
lines.
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merit adjusted to zero at cycle one for high elite
lines.
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are both increasing at an increasing rate. Selection differentials

(table 10) for the individual traits were small and negative for litter

size and were moderate in size and positive for the other three traits.

It may appear surprising that selection pressure for litter size was

negative in spite of the fact that 25% of the parents were selected for

large litter size. This apparent discrepancy can be explained by the

fact that mice selected for large birth weights, weaning weights and

post-weaning gains are more likely to be selected from small litters

since maternal environment would be more favorable.

Correlations for combined mean values for individual traits

on total merit were 43, -.11, .78 and 77 for litter size, birth

weight, weaning weight and post-weaning gain respectively. Thus,

weaning weight and post-weaning gain are closely associated with

total merit. With the exception of birth weight, these simple corre-

lations are quite similar to those for the high index lines. No ex-

planation is apparent for this difference between the high index and

the high elite selection methods.

The appropriate curves for the combined results of the low

index lines are presented in figure 6. The marked increase in total

merit is also observed in birth weight and post-weaning gain.

The reason for this rapid increase is not clear, but may very well

be real since it was observed in both low index lines. However,

it might be suggested that low index selection initially brought

about selection of individuals homozygous for different alleles,
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merit adjusted to zero at cycle one for low index
line s.
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allowing for the occurrence of certain favorable genetic combinations

(heterosis) in the progeny. After the third cycle these combinations

fell apart and the line quickly dropped in performance to the level

observed in the seventh cycle. It is likely then, that the downward

slope of the curve is much steeper than would be expected if selection

were continued beyond the seventh cycle. In the initial cycles, only

weaning weight decreased, but the response was not continuous,

and an upward trend appeared in the last two cycles. In this case,

litter size and weaning weight were nearly mirror images to each

other.

It can be noted from table 11 that in the case of birth weight,

positive selection pressure was applied particularly during the

first four cycles. This may in part account for the observed re-

sponses in birth weight which if phenotypically correlated with post-

weaning gain would also account for the observed response in post-

weaning gain. The relationship between litter size and weaning

weight is not surprising since the size of the litter in which a mouse

is raised would have a great effect on the weight of the mouse at

weaning. However, the results would seem more consistent if the

curves for birth weight, weaning weight, and post-weaning gain were

similar while litter size moved in the opposite direction.

Further explanation of the response observed in the low index

lines can be related to the effects reported by Falconer (1955, 1965)
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(see figure 1). Falconer found negative regression coefficients

between a dam and her offspring's six-week weight. Since the re-

lationship would primarily be mediated through maternal effects this

relationship would probably be greater at weaning. Parents selected

from the first two cycles had positive selection differentials for

litter size. Thus it would be expected that in the following cycles

weaning weight would be depressed. This then should account for

the observed relationship between litter size and weaning weight.

The simple correlations between individual traits and total

merit (table 13) show, as might be expected from the preceding

discussion, that birth weight and post-weaning gain are closely

associated with total merit. Correlation values for litter size and

weaning weight were near zero.

The graph for the low elite method of selection is given in

figure 7. As previously mentioned, the unexpected response is

probably due to the low reproductive performance of the LE2 line.

Examination of the combined selection differentials in table 12 shows

that litter size was the only trait to which consistent selective pres-

sure was applied. Thus, as litter size decreased, a corresponding

increase in weaning weight and post-weaning gain occurred. Birth

weight remained relatively constant throughout the experiment.

Whether the decrease in litter size was due to selection or to other

factors (since selection pressures were small) the resulting increases
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TM = total merit
LS = litter size
BW = birth weight
WW = weaning weight
PWG = post-weaning gain
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Figure 7. Cycle means for individual traits and for total
merit adjusted to zero at cycle one for low elite
lines.
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in weaning weight and post-weaning gain did occur. Add to this the

fact that several second-litter dams were used in this line and no

adjustment was made for age of dam.

The simple correlations are sm-all and only

post-weaning gain was closely associated with total merit, Other

correlations are non-significant and in the case of litter size, nega-

tive.

The responses observed for total merit as well as for individual

traits were not large. Considering only the high index lines, total

merit increased 0. 57 units. This increase was the result of in-

creases of 0.11, 0.22 and 0.24 standard deviations in birth weight,

weaning weight and post-weaning gain respectively and a decrease of

0. 05 standard deviations in litter size. Falconer (1955) in selection

for six-week body weight obtained a divergence of 0. 40 phenotypic

standard deviations per generation. Even if allowances are made

for selection for multiple traits and upward selection, responses

obtained by Falconer are still considerably larger than in the pre-

sent study.

The Effect of Selection Method on Variances

It was predicted that the elite selection method would result in

the selection of parents with greater phenotypic variance. It was

also believed that the larger phenotypic variance would result in the
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maintenance of greater additive genetic variance. To determine the

effect of selection method on the phenotypic variance of total merit,

variances of selected sires (table 14) and of selected dams (table 15)

were examined.

It can be seen by examining the data for selected sires (table

14), that the variances in the elite lines were consistantly larger

than variances in the index lines. This trend is more clearly shown

in the mean variances presented at the bottom of the table. It is also

evident that the variances of randomly selected control sires are

more variable, and larger, than variances under either selection

method. It is also evident that variances in low selected lines are

larger than in high selected lines.

The corresponding data for selected dams are presented in

table 15. The picture presented in this table is not as clear. Exam-

ination of mean variances at the bottom of the table would indicate

little or no differences between the two selection methods. This

is indicated by the fact that the selected dams of index lines have

greater variance than do high elite dams, while the reverse is true

for the low selected lines. Again it is obvious that the control lines

have greater variance than selected lines, and that variances of low

selected dams are greater than variances for high selected dams.

The observed phenotypic variances for the total population

from which sires and dams were selected are given in table 16. If
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Table 14. Phenotypic variances of selected sires for total merit.

Cycle Control
High
Index

Low
Index

High
Elite

Low
Elite

Rep. 1
1 5.81 3.71 2.83 1.67 8.69
2 .53 .76 3.84 1.00 5.32
3 8.67 .71 .77 5.00 5.01
4 6.73 1.61 .83 .30 5.62
5 8.05 2.53 16.16 . 57 1.46
6 23.89 1.66 1.67 . 27 . 19

Rep. 2
1 . 66 . 09 1.00 2.51 1.58
2 . 77 1.30 . 11 3.54 1.68
3 3.94 .70 2.42 4.52 2.26
4 2.85 1.44 . 13 11.81 .29
5 .49 2.01 .17 8.96 9.00
6 3.03 4.26 8.77

Combined results
1 3.24 1.90 1.92 2.09 5.14
2 .65 1.03 1.98 2.27 3.50
3 6.31 .71 1.60 4.76 3.64
4 4.79 1.53 .48 6.06 2.96
5 4.27 2.27 8.17 4.77 5.23
6 13.92 1.66* 1.67* 2.27 4.48

x 5.53 1.50 2.72 3.70 4.16

* one replication only
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Table 15. Phenotypic variances of selected dams for total merit,

Cycle Control
High
Index

Low
Index

High
Elite

Low
Elite

Rep. 1
1 7.95 2.09 3.56 3.15 3.78
2 . 57 3.58 1.23 1.48 3.76
3 4.56 3.79 2.03 1.73 3.56
4 2.53 2.74 2.89 1.81 1.90
5 4.65 3.41 4.29 2.08 3.25
6 5.39 1.75 5.93 .88 1.23

Rep. 2
1 .91 1.77 2.35 3.12 2.44
2 .54 .84 2.86 1.96 1.47
3 6. 07 3.78 1.31 3.10 2.57
4 4.97 2.18 3.43 3.44 2.39
5 1.54 1.25 3.62 . 97 6.84
6 5.79 4.75 14.16

Combined results
1 6.83 1.93 3.05 3.14 3.32
2 .55 2.72 2.09 1.67 2.82
3 5.43 3.79 1.70 2.42 3.07
4 3.61 2.46 3.16 2.63 2.02
5 3.10 2.33 2.97 1.46 3.76
6 5.53 1.75* 5.93* 2.39 5.54

-x 4.18 2.56 2.90 2.29 3.42

* one replication only
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Table 16. Phenotypic variances for total merit.

Cycle Control
High
Index

Low
Index

High
Elite

Low
Elite

Rep. 1
1 6.92 2.77 6.24 3.54 6.35
2 . 92 4.82 3.20 2.04 5.22
3 6.02 4.82 2.64 3.30 4.58
4 3.32 4.09 2.43 4.73 7.10
5 4.24 9.43 8.54 2.81 4.63
6 5.80 4.53 8.56 3.24 5.41
7 2.94 3.91 6.05 4.37 3.87

Rep. 2
1 1.59 1.86 1.60 4.29 2.51
2 2.36 1.09 4.19 2.09 4.66
3 5.53 3.50 3.81 3.82 3.60
4 6.73 3.91 3.99 4.63 2.35
5 2.64 2.05 7.08 3.75 8.81
6 5.81 3.66 6.94 3.70 13.26
7 4.68 2.84 1.22

Combined results
1 5.09 2.40 4.25 3.87 4.93
2 1.84 3.89 3.68 2.06 5.04
3 5.69 4.33 3.24 3.56 4.09
4 4.46 4.00 2.99 4.66 5.81
5 3.25 5.74 7.38 3.45 5.53
6 5.80 4.20 7.96 3.42 8.86
7 3.79 3.91* 6. 05* 3.34 3.39

4.27 4.07 5.00 3.77 5.38

b +. 04 +. 29 +. 71 +. 03 -E. 12

* one replication only
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differences in variances between selected parents under different

methods are of any significance, then they should be reflected in

decreasing variances of the total population. Since selected parents

of the index lines were found to have smaller variances, a decrease

in variance might be expected during the experiment. Examination

of the data (regression cf variances on cycle) presented at the bottom

of tne page shows that variances of index lines have actually in-

creased relative to other lines. It would not have been particularly

surprising to have round no change in variances, since the additive

portion of the total variance is relatively small and any change that

might occur would be masked by the other variance components. It

is, however, somewhat distressing to observe such a large increase

in variances in the index lines. The reason for this increase is

certainly not clear.

Table 17 is also concerned with the amount of genetic variation

which might be maintained under the two systems of selection.

During the seven cycles, six sets of parents were selected: four

sires and a maximum of 20 dams per line per cycle. If during the

experiment all matings had been fertile, then a total of 24 half-sib

and 120 full-sib families would have been produced from which 24

sires would have been selected. Table 17 represents the number of

half-sib and full-sib families represented by the 24 selected sires.

Very little difference can be noted in the number of half-sib families
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Table 17. Number of families represented by the 24 selected sires
in each line.

Line
Number of

Full-sib families
Number of

Half-sib families

C 19 14
1 36 28

C2 17 14

HI1 17 13
34 27

HI 17 14
2

LI1 15 13
31 27

LI
2

16 14

HE 20 16
1 35 28

HE2 15 12

LE 21 12
1 35 25

LE 14 13
2
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represented by the 24 selected sires. The data for full-sib families

seem to indicate that sires are being selected from more full-sibs

families by the elite selection method. It is surprising that even

14 full-sib families were represented in the LE
2

line, since during

the last three cycles only nine litters were produced. It is reason-

able to assume that this value may well have been higher had re-

productive performance not been so poor.

Distribution of Offspring from Elite Selected Parents

By selection of an equal number of parents for each trait in the

elite system, it was hoped that an equal number of offspring would be

produced by the selected parents. Thus, nearly equal selection

pressures could be applied to each trait. From examination of the

data presented in table 18, it is evident that certain outside selection

forces have altered the number of offspring left by the parents

selected for these four traits. In the last section of table 18, re-

sults are combined for males and females and listed under high or

low elite lines.

It is not clear why the percentage of offspring left by parents

selected for birth weight was consistently lower under both selection

methods. However, reasonable explanations are evident for other

differences. In the high elite method of selection, mice selected

for litter size were from large litters and were therefore more
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Table 18. Distribution of offspring at 28 days in elite lines listed
according to trait for which parent was selected.

Males selected for HE1 HE2 LE1 LE 2

Litter size 31 15 31 28
Birth weight 18 22 18 28
Weaning weight 27 25 25 24
Post-weaning gain 24 38 26 20

First litter females
selected for
Litter size 26 17 33 46
Birth weight 20 28 27 21
Weaning weight 27 29 19 13

Post-weaning gain 27 26 21 20

Males plus females
selected for
Litter size 29 16 32 35
Birth weight 19 25 21 25
Weaning weight 27 27 23 19

Post-weaning gain 25 33 24 21

Males plus females High Low
selected for Elite Elite
Litter size 21 33
Birth weight 22 23
Weaning weight 27 21
Post-weaning gain 30 23
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likely to be small and less mature at mating (six to eight weeks).

Mice selected for weaning weight and particularly for post-weaning

gain would be expected to be larger and more mature at mating.

Thus, the larger, more mature individuals were more fertile and

produced larger litters leaving more progeny than did smaller less

mature mice. In the low elite lines, the distribution of offspring

produced was reversed since mice selected from small litters

would be expected to be larger and more mature at mating. Parents

selected for weaning weight or post-weaning gain would be smaller

and less mature at mating. If matings had taken place at an older

age, the differences observed might not have been as great.

Problems Observed in the Present Sty and Proposals
for Further Study

Certain problems have arisen during the experiment which

should be discussed. Little or no information is available concern-

ing the laboratory population from which the base population was

drawn. The population is maintained for the purpose of producing

mice to sell for research purposes. For this reason, the breeding

population undergoes frequent restriction and expansion periods

while adjusting to the demand for mice. In the two years, during

the present study, this population underwent a number of relatively

tight restrictions which would over a number of generations cause

considerable inbreeding. It was also not apparent when the last
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new genetic material had been added to the population. It was,

however, apparent that the reproductive performance of this

coloney of mice was not good. A mating success of 76% was the

maximum attained in the best cycle.

The cages supplied for this project were not completely

satisfactory. The cages were built with removable partitions such

that they could be divided into eight individual six inch cages or by

removal of various partitions, different sizes of coloney cages

could be achieved up to the full size of the box 12 by 24 inches. The

removable partitions were not completely tight and the feet of new

born mice could easily slip under the partition into the adjoining

pens. This frequently encouraged cannibalism and also destroyed

the toe-clip identification system, causing a reduction in population

sizes in the first two generations. It is quite possible that in addi-

tion to the reduced selection differentials in those two cycles, a

permanent detrimental effect may have resulted in the rate of pro-

gress. After that time, littering was carried out in individual

cages. Another problem was the fact that removal of the cage lid

for access to a single litter required that all litters in that box be

open at the same time. This created the possibility of litters being

mixed. Therefore an attempt was made to assign only one line of

mice to a box. This would minimize the effect caused by a mouse

ending up in the wrong litter.
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The data collected for the estimation of the genetic parameters,

for construction of the index, were not complete. Therefore, some

of the parameters used in the construction of the index were esti-

mated from a search of the literature. Considerably more confi-

dence could be placed in the index if a complete set of parameters

had been collected from the population used in the selection experi-

ment.

The physical standardization of litter size would have been of

considerable help in removing much of the maternal environmental

effects. Variation in litter size makes both accurate evaluation and

selection difficult. Standardization of litter size should greatly

reduce the phenotypic variation associated with weaning weight and

post-weaning gain and result in increased heritability of these

traits. There is no reason why standardization of litter size should

make it necessary to exclude litter size from the experiment as a

selected trait. Standardization of litter size would greatly reduce

the maternal effects reported by Falconer (1955, 1965), Brumby

(1960), Young (1965) and El Ohsh (1967). They have shown that

maternal effects are great enough to cause a significant decrease

in the rate of progress, particularly when litter size is not standarized

and mass selection is used as in the present study.

Testing the fertility of selected males would have been

desirable. Since only four males were used at each mating, the
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infertility of a single male caused a potential reduction of 25% in the

number of offspring produced in that cycle. This would seriously

affect both the size of the selection differentials achieved and the

accumulation of inbreeding.

In the present study too many traits were included for effective

evaluation in only seven generations. Had the project lasted several

generations clear separation of high and low selected lines might

well have been achieved.

Further examination of the elite system is needed and con-

sideration of the above and the following points should be helpful in

examining its effectiveness as a selection method. If mice are to

be used as the laboratory animal for further study of the elite

selection method, then these recommendations should be considered

in designing the experiment:

1) Maintain a breeding population of six to ten males and

from 16 to 24 females in each selected line.

2) Do not include more than three traits in the study.

3) Negatively correlated traits should be included, since the

elite system may well be useful in making progress when such

traits are involved.

4) Reduce the size of large litters to eight mice by removal

and increase the size of small litters to eight by substitution.

5) The setting of minimum acceptable values for high elite
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selection and of maximum acceptable values for low elite selection

to prevent the inclusion of extreme values in the direction opposite

to selection. These minimums or maximums could best be set in

the form of standard deviations. For example, when selecting in

high lines, mice would not be included which were more than two

standard deviations below the line mean for that generation in any

trait. This would prevent the selection of mice from very small

litters even though they may have the largest body weights, since it

is likely that they are large because of a favorable environment.

It would also prevent the inclusion of mice from large litters if they

failed to meet the minimum requirements for body weight.

6) Selected males should be fertility tested. This might be

easily accomplished by mating to dams of known fertility from the

previous generation.

The inclusion of the procedures mentioned in the fourth,

fifth, and sixth points should do much to prevent the unequal dis-

tribution of offspring from parents selected for different traits (see

table 18). As a result, more nearly equal selection pressures

could be applied to each trait.

7) The project should be carried on until there is evidence

that the genetic variance is being exhausted. This would probably

require 40 or more generations in mice.

8) The project should be designed so that the additive genetic
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variances could be examined periodically to determine the effect of

the elite method of selection on the variance components.

9) The rate of inbreeding should be examined to determine

if the elite selection method actually reduces the rate of accumula-

tion of inbreeding.

10) And of great importance, would be the determination of

accurate estimates of the selection progress which could be ex-

pected, relative to the index method of selection.

Although the present study is definitely inconclusive con-

cerning the elite selection method, certain trends are indicated.

These trends if found to be true could have considerable significance

on selection in domestic livestock. At the present time loss of

genetic material due to limited effective population size and/or

intense selection is not serious. If, however, the use of artificial

insemination becomes wide spread, as is the case in dairy cattle

and the development of such techniques as super ovulation and ova

transplant are developed, then the danger of losing genetic varia-

bility would be real. In current application the significant use of

elite selection methods would be in closed populations where con-

servation of genetic material is always a problem. Also the pos-

sibility that elite selection could be an effective method for

simultaneous selection of negatively correlated traits should not be

over looked.
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SUMMARY

The responses observed in selected lines were, in general,

small and irregular. Only the high index and high elite lines

responded in the direction and with the consistency that could have

been predicted by the selection pressures applied. Even the re-

sponses observed in these lines were small and calculated heri-

tabilities for total merit of the high index and high elite lines were

only 8. 0% and 7. 4% respectively. The total accumulated selection

response for total merit in these lines was 0.57 units for the high

index lines and 0. 47 units for the high elite lines. This response

would represent an increase in each of the four individual traits,

if equally divided, of 0.16 and 0.12 standard deviations for index

and elite lines respectively. In the high index lines this would

mean an increase of 0.30 mice per litter, of 0. 03 grams in weight

at birth, of 0. 50 grams in weight at weaning and of 0.32 grams in

post-weaning gain. The observed response in the low index and

low elite lines was unexpected; however, possible explanations are

presented in each case. A decline in the overall performance of

the control lines was also unexpected, and the reason for its poor

performance is not clear.

It was noted from both correlations and graphs that post-

weaning gain, followed by weaning weight, and birth weight had
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the greatest effect on total merit. Litter size generally remained

constant or moved in the opposite direction to total merit. Corre-

lations for individual traits with total merit were generally positive

and high for birth weight, weaning weight and post-weaning gain.

It was shown that the use of the elite selection method tended

to select sires with greater phenotypic variance. However, any

relationship which might have existed between large variances of

selected parents and large variances in their progeny was not found.

In fact, phenotypic variances of offspring of index selected parents

were actually greater than variances for offspring of elite and con-

trol lines.

It was indicated that the elite method of selection in mice

tended to select fewer full-sibs, as sires, than did the index

selection method. This should mean that the rate of accumulation

of inbreeding is less in elite selected lines. This difference would

probably not be as pronounced in monoparous animals.

Due to differences in the reproductive performance of mice

selected for different traits in the elite system, parents left dif-

ferent numbers of progeny. Such a situation makes it difficult to

apply selection pressures at the proposed ratios for each trait and

certain implications are discussed.

Suggestions for further study of the elite selection method

were discussed. These proposals should be useful in answering many

of the important questions concerning the elite selection method.
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