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INTRODUCTION

Many livestock breeding programs include components of reproduction among 
their selection criteria (e.g. Turner, 1976); Although the usual aim of selection 
for reproduction is to improve lifetime performance, in practice, selection decisions 
tend to be made on reproduction early in life. It is assumed that what happens 
early in life will generalize to performance over the whole of life. Yet, con
siderations based on the theory of population genetics and evolution suggest 
that such an assumption is false and that in most situations selection for com
ponents of reproduction will not bring any benefits.

Robertson (1955) said "I have taken it as axiomatic that in a population at 
equilibrium there will be no additive genetic variance in reproductive fitness.
In the major components of fitness such as viability and fertility... there may 
be some utilizable genetic variation so that we can obtain some response to 
selection. But this must be at the expense of some other component of fitness, 
because, by definition we cannot increase overall fitness". Lifetime reproductive 
performance, particularly if measured by total weight of mature progeny produced 
over the lifetime, must be very close to "fitness". The characters usually selec
ted, such as litter size at birth, or at weaning, particularly if they are 
measured in the first parity, are components of fitness. The experiment reported 
here is the first replication of a series of selection experiments in mice to 
test this theory.

MATERIALS AND METHODS

Three lines of mice, each consisting of 20 breeding pairs, were selected 
on the basis of performance in the first litter, as follows: Line A - for total
weight of litter at weaning (3 weeks) divided by dam's nine-week weight;
Line B - for total number of live young born divided by dam's nine-week weight.
Line C - at random. In each case two males and two females from the progeny of 
the ten pairs highest in the selection criterion (or in the random order) were 
chosen to breed the next generation. After 6 generations the mice were allowed 
to breed continuously (i.e. with the male remaining with the female) for nine 
months to determine the effect of the selection on lifetime reproduction.
Including the dam's nine-week weight in the denominator of each selection 
criterion has overcome the maternal effect of size of female on size of her litter.

RESULTS

The results are shown in Tables 1 and 2. Although normal statistical tests are 
not available with only one replication the pattern of results is highly suggestive. 
From twenty pairs, the unselected line C produced on average 11 litters per month 
with only the last 2 months having markedly less than this average (Table 1) .
The number born per litter fell steadily. There was an associated increase in 
weaning weight per animal b o m  alive and a decrease in the rate of conversion of 
this weaning weight to adult weight (Table 2).
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Table 1s Cumulative values for measures of total reproduction from

breeding populations starting with 20 pairs in each line.

Date1 

at birth

Total no. 

of litters

Total no. 

of live young

Total weight at 

weaning (3 weeks) 

gm

Total weight as 

adults (9 weeks)

»J B3 c4 A B C A B C A B C

6-7-80 17 19 17 166 181 166 1244 1045 967 3275 2566 2975

5-8-80 25 30 26 210 265 242 1680 1768 1707 4250 4454 5172

4-9-80 34 42 37 275 366 324 2374 2483 2386 6201 6562 6879

4-10-80 40 56 52 329 502 456 2887 3412 3743 7554 8962 10269

3-11-80 48 65 65 376 560 538 3449 3759 4589 8786 9856 12102

3-12-80 56 74 77 440 648 644 3914 4339 5702 9770 11210 14734

2-1-81 61 80 89 461 694 728 4056 4763 6450 10028 12018 16265

1-2-81 67 86 96 493 728 762 4312 5160 6690 10574 12912 16677

3-3-81 70 90 99 503 734 771 4428 5206 6756 10705 12999 16754

Mating started on 11-6“80

Line A selected for (total weight of litter at weaning/dam's 9-week weight). 

Line B selected for (number of live young at birth/dam's 9-week weight).

Line C selected at random.

Table 2s Components of total reproduction calculated from 

the cumulative values of Table 1, and mortality.

Period of No. of live young Total weaning weight Total adult weight

reproduction1 b o m  per litter per live birth (gm)

(Mortality: birth to 
3 weeks - %)

per gm weaning weight 
(gm)

(Mortality: 3 to 
9 weeks - *)

2 3 4 A B C A B C A B C

First litter 
to (6-7-80) 9.8 9.5 9.8 7.5

(20)
5.8
(27)

5.8
(30)

2.6
(13)

2.5
(18)

3.1
(8)

After 4 months 
of breeding 
(to 4-10-80)

8.2 9.0 8.8 8.8
(18)

6.8
(24)

8.2
(20)

2.6
(8)

2.6
(12)

2.7
(8)

After 9 months 
of breeding 
(to 3-3-81)

7.2 8.2 7.8 8.8
(23)

7.1
(25)

8.8
(21)

2.4
(8)

2.5
(10)

2.5
(7)

1
2

3

Mating started on 11-6-80

Line A selected for (total weight of litter at weaning/dam's 9-week weight). 

Line B selected for (number of live young at birth/dam's 9-week weight).

Line C selected at random.



Compared with this pattern for the unselected line C, line B, selected 
for live young at the first birth, produced more litters in the first 4 months 
but finished up with fewer after 9 months (Table 1) . Per litter, line B had 
slightly more live young born over the whole mating period but was no better 
than line C in any other component (Table 2) . Total mature weight of progeny 
was lower than that of line C even after 1 month and fell further behind as time 
went on (Table 1). Table 2 suggests that consistently higher mortality of 
progeny in line B may have been the major reason for the lower overall "fitness".

Line A, selected for total weaning weight in the first parity, never had 
more litters, nor more young born alive than line C (Table 1). In the first 
parity it showed a large increase in weaning weight achieved per live birth, 
associated with lower mortality before weaning (Table 2), and this advantage 
carried on to maturity of the progeny (Table 1), despite a compensating decrease 
in converting weaning weight to adult weight (Table 2). However, in this line 
also, total mature weight of progeny had fallen behind that of line C after 2 
months of breeding and it dropped further behind at a greater rate even than 
that of line B (Table 1) . This happened although overall progeny mortality was 
rather similar in lines A and C.

Thus each line responded to selection in the character for which it was 
selected and in closely related traits. But, particularly in line A where 
high lactational performance was required in the first parity, any increase in 
the selected traits only occurred early in the breeding life. Clearly, the 
stage in the breeding lifetime is also a criterion contributing to the 
definition of traits being selected. In all other components of reproduction, and 
markedly so in particular ones, the selected lines fell below the control.
These results are thus exactly what the theory of population genetics and 
evolution (Robertson's axiom) predict.

DISCUSSION

Wallinga and Bakker (1978) found that in mice the cumulative number of live 
young born over a breeding lifetime under permanent breeding (i.e. males left 
continuously with females) was greater in the unselected control line compared 
with the line that had been selected for litter size at first parity. From 
our results it is likely that they would have found a much greater effect if 
they had measured weaning weight or adult weight of progeny. Interestingly 
the result, in terms of cumulative number of live young born, was in the opposite 
direction when they used interval breeding, (i.e. with the male removed from 
before birth and not returned to the female until she had weaned the litter) .
We suggest that this difference, associated with greater stress on the female 
under permanent breeding, is extremely revealing.

Goddard and Beilharz (1977) proposed two equations to describe important 
features of reproduction. The first stated that overall fitness is usually some 
product of the components of reproduction, i.e. W = A.B.C... The second is 
related to Robertson's axiom. If despite continuing (natural) selection for 
high reproduction there is no response, it is likely that all resources available 
for use in the reproductive process are used fully. Thus there is a constant 
(k) representing maximum available resources, with allocations of resources 
to components (a,b,c,...) being represented additively, i.e. a+b+c+... = k.
Now if component A is raised, a rises and one or all of b, c,... must fall 
leading to a lower value for fitness(W). This is exactely what our experiment 
has demonstrated.

The equations of Goddard and Beilharz focus attention on k, a level set 
by the prevailing environment. If this is raised then, of course, any com
ponent of reproduction can be raised without necessarily reducing any other.
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Fitness will then increase. This explains the difference in the results 
between interval and permanent breeding obtained by Wallinga and Bakker 
(1978) . However, any improvement of the environment will result in 
higher fitness merely through the natural selection acting on the components 
of reproduction.

The implications for livestock breeding are that in any population 
that has been in the same environemnt long enough to approach adaptation 
to that environment, selection for reproduction or its components should 
not be done. At best, such selection will achieve nothing. It may change 
the pattern of reproduction, but overall output of progeny is likely to 
be lower. When environments have recently been improved, or if the system 
of production is to be changed, selection of a new appropriate pattern of 
maximum reproduction will be successful. However, even if we do no more 
than improve the environment, as long as we do not prevent natural selection, 
this agent will in due course, by itself, bring about the appropriate pattern 
of maximum reproduction for the new environment.

SUMMARY

Long-accepted theory that fitness cannot be improved genetically 
by selection was tested by selecting mice at first parity for either 
total weight of litter, when 3 weeks old, divided by dam's 9-week 
weight, or number of live young born divided by dam's 9-week weight.
A control line was selected at random. After 6 generations all lines 
were allowed to breed continuously for 9 months. Each selected line 
had responded in the trait for which it was selected but, in both, 
overall lifetime reproduction was greatly reduced. The consequences 
for breeding of livestock are discussed.

RESUMEN

La teoria largamente aceptada de que la funcion reproductive no 
puede ser mejorada geneticamente, fue probada seleccionando rato- 
nes al primer parto mediante dos procedimentos. El peso total de 
l3s criic>s a las 3 semanas de edad, dividido por el peso de las 
madres a las 9 semanas; y el numero de cri<Os_vivt& dividido por elfcr.’ 
peso de las madres a las 9 semanas. El'testigo fiTe seleccionado 
al azar. Despues de 6 generaciones, las lineas fueron reproducidas 
continuamente por 9 meses. En cada tratamiento las lineas tuvie- 
ron respuesta de seleccion, pero en ambos casos el periodo repro
ductive fue i&ducido notablementss''. Se discuten las consecuencias 
para el mejoramiento de ganado.
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