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SELECTION FOR INCREASED REPRODUCTION RATE
Seleccidn gendtica para el incremento en el ritmo de la reproduccidn
L.R. PIPER*
AUSTRALIA
The efficiency of animal production systems is influenced by a large number
of factors but reproduction rate (the number of offspring weaned per female
joined per year) is one of the most important (Moav, 1966; Dickerson, 1970, 1980).
The magnitude of the increases in efficiency that accompany increased reproduction
rate are likely to depend on the mean reproduction rate of the species or strain
and on the effect of increased reproduction rate on other outputs (wool, milk etc)
from the system. Thus an increase of one offspring per litter might influence
efficiency to a greater extent in the sheep or cow than in the pig and, within
sheep, might increase efficiency more in breeds that produce little wool as
opposed to those that are specialist wool producers such as the Merino.
Increases in lifetime reproduction rate of females may be achieved by
increasing the opportunities for conception through reductions in age of puberty
and in the incidence of seasonal and p o st-p a rtu m anoestrus and by increasing the
proportion of cycling females that become pregnant. In addition to fertility
changes, further increases are possible through changes in ovulation rate and
embryo survival leading to increases in prolificacy or litter size at birth, and
by changes in offspring survival leading to increases in litter size at weaning
or reproduction rate. Male reproductive efficiency clearly influences female
performance but will not be emphasised in these contributions except when
indirect selection for male traits is being considered as means of increasing
reproduction rate of females (Land, 1974).
Each of the papers constituting this Plenary Session provides a comprehensive
review of the prospects for genetic improvement in one or more of the different
components of female reproduction rate in sheep, cattle and pigs. The purpose
of this introductory paper is to summarise these reviews on a species basis and
to make brief comments on several topics of special interest to the Moderator.
SELECTION FOR INCREASED REPRODUCTION RATE IN SHEEP
B etw een-breed v a r i a t i o n .

There is considerable variation between sheep breeds in reproduction rate
with a continuous range from the highly fecund breeds such as the Finnsheep
(Bradford, Quirke and Hart, 1971), Romanov (Ricordeau, 1975) and D'man (LahlouKassi and Marie, 1981), to lowly fecund types such as the Merino and other
specialist wool breeds. Evidence for individual and maternal heterosis for
reproduction rate in sheep is well documented (Nitter, 1978) and there is clearly
scope for increasing reproduction rate by selection among breeds, by systematic
crossbreeding and by the formation of new synthetic or composite breeds (Dickerson,
1969; Nitter, 1978; Cundiff, 1980). International restrictions on the movement
of genotypes between countries somewhat reduces the opportunities potentially
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available on a world scale but, in many countries, between-breed variation is
being utilised to increase reproduction rate and sheep meat production. Among
apparel wool producing breeds, there is much less variation in reproduction rate
and the opportunities for increasing it by utilising between-breed variation have
been restricted by the need to protect wool production and quality. The advent
of the highly fecund Booroola Merino (Turner, 1978; Piper and Bindon, 1982)
provides the opportunity for increasing reproduction rate in these populations
but the lack of thorough economic assessments of the value of increased reproduc
tion rate for such breeds and current export regulations are restricting its
utilisation at present.
There are well documented differences between breeds for all components of
reproduction rate, (age at puberty, length of the breeding season and p o s t-p a rtu m
anoestrus period, ovulation rate, litter size and lamb survival) except embryo
survival (Hanrahan, 1982). There is also evidence of heterosis for most
components but, with the exception of fertility and lamb survival, average
estimates (Nitter, 1978) are fairly small (2-4%). For fertility, the heterosis
is principally maternal in origin and fertility is increased more by using
crossbred dams than by producing crossbred lambs from purebred dams. For
survival, the converse appears to be the case (Nitter, 1978).
W it h in - b r e e d v a r i a t i o n

Estimates of within-breed genetic variation are available for reproduction
rate and some of its components for many breeds of sheep and production systems.
a)

Reducing the age at first breeding.

For spring born lambs there is some evidence of genetic variation in age at
puberty during their first autumn-winter at approximately six to nine months of
age. Heritability estimates (Thrift e t a l ., 1971; Fogarty, 1981) do not exceed
0.10 but for the related trait, number of oestrous recordings in the first
hogget year of life, heritability estimates for New Zealand Romneys are around
0.30 (Baker and Morris, 1982). Thus, for those breed-environment combinations
that reach appropriate weights in their first autumn-winter, it may be possible
to increase the proportion of ewe lambs that conceive. For breed-environment
combinations that do not usually reach appropriate weights in their first autumnwinter (e.g. Merinos in Australia), there is evidence of within-breed genetic
variation in age at first oestrus in the second year of life (h2, 0.11 + 0.43,
Tierney, 1976; h2, 0.26 + 0.17, Bindon and Piper, unpublished) and in the number
of subsequent oestrous recordings prior to joining at approximately 18 months of
age (h2, 0.44 +0.18, Bindon and Piper, unpublished). It would appear that both
these traits should respond to selection, but it is not clear whether the
response would continue to the point where a significant change occurred in ewe
lamb puberty and the ability to breed in the first year of life.
The genetic effects of selection for reduced age at puberty in either the
first or second breeding season on reproduction rate at later ages are also
claer. Ch'ang and Rae (1972) obtained estimates of 0.5 to 0.9 for the genetic
correlation between number of hogget oestrous recordings and subsequent reproduc
tion rate in New Zealand Romneys but Baker e t a l . (unpublished) obtained estimates
for the same breed that were zero or negative. Preliminary estimates for Merinos
of the genetic correlations between 14 to 18 month old puberty traits and lifetime
lambs born or weaned per ewe joined were similarly variable in both sign and
magnitude (Bindon and Piper, unpublished).
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b)

Reducing adult seasonality and

post-poa^tum

anoestrus.

Measurement of genetic variation in length of the breeding season is
complicated by the effects of gestation and lactation as well as by the
stimulating effect of the ram in interrupting anoestrus (Ricordeau, 1982). Like
wise, measurements of genetic variation in p o s t-p a rtu m anoestrus may be confounded
with seasonal factors since lambing occurs in the non-breeding season for many
breeds. There is some evidence of genetic variation in the length of p o s t-p a rtu m
anoestrus but published heritability estimates are generally less than 0.2
(Ricordeau, 1982). A number of selection experiments aimed at increasing the
frequency of lambing in adult ewes have begun (Ricordeau, 1982) but it is too
early to assess results at the present time.
o)

Increasing ovulation rate, embryo survival and litter size.

There have been a number of selection experiments aimed generally at
increasing reproduction rate in sheep. Most have concentrated on litter size
(lambs born per ewe lambing) or lambs b om per ewe joined (a combination of
fertility and litter size). Annual gains, which have varied around 0.02 lambs
born per ewe lambing, are consistent with the modest heritability estimates
(.4 0.2) for litter size obtained in most studies (Bradford, 1972;
Turner, 1977;
Hanrahan, 1982). Litter size at birth in lambing ewes is determined by ovulation
rate and embryo survival and estimates of genetic variation within breeds for
these traits are beginning to appear following successful adaptation for sheep of
fibre optical laparoscopy techniques for ovarian examination (Thimonier and
Mauldon, 1969).
The heritability of ovulation rate is higher than that for litter size in
flocks where both have been measured. Estimates for ovulation rate range from
0.57 + 0.28 and 0.45 + 0.07 for mixed age ewes of the Galway and Finnish Landrace
breeds respectively (Hanrahan, 1980), through 0.25 in 8-10 month old Romanov ewes
(Ricordeau, Razungles and Lajous, personal communication) to 0.05 + 0.07 for 18
month old Merino ewes (Piper e t a t . , 1980). Comparable estimates of genetic
variation in embryo survival are not available but preliminary studies (Hanrahan
e t a t . , unpublished) indicate that both repeatability (0.07 + 0.04) and
heritability (non-significant negative estimate) are low (Hanrahan, 1982). These
findings agree with results from egg transfer experiments where breeds or
selection lines differing widely in litter size (and ovulation rate) did not
differ in uterine capacity (Hanrahan, 1980), and support the view that genetic
variation in litter size is primarily a reflection of genetic variation in ovula
tion rate (Hanrahan and Piper, 1982). The arguments behind Hanrahan's (1974)
proposal that selection for increased litter size would be more effective if
based on ovulation rate have clearly been strengthened by data accumulated since
that time.
d)

Increasing lamb survival and reproduction rate.

There are few published studies of genetic variation in lamb survival.
Cundiff e t a t . (1982) have summarised available estimates and found that, though
the magnitude of the standard errors makes comparisons hazardous, the average
heritability of the maternal component (0.08) was twice as high as that for
direct transmitted effects (0.04). These average values were those actually
observed in the only data set where both components were estimated in the same
flocks (Hanrahan e t a t . , unpublished; Piper and Bindon, 1977; Piper e t a t . ,
unpublished). In these flocks the heritability estimates for prolificacy and
lambs weaned were the same as those for the maternal component of survival
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(Hanrahan et al., unpublished), and this suggests that selection programmes
aimed at increasing reproduction rate in the sheep should consider the
possibility of genetic variation in rearing ability (the maternal component of
lamb survival) and that lambs weaned may be a more effective selection criterion
than lambs born. In view of the arguments advanced earlier regarding the
relative merits of ovulation rate and litter size as selection criteria, an
optimal index combining information on ovulation rate and rearing ability should
be even more effective.
SELECTION FOR INCREASED REPRODUCTION RATE IN CATTLE
Between-breed variation.
By contrast with the situation for growth, adult size and milk production
traits there is much less variation between breeds of cattle in reproduction rate
and its components. There are significant breed differences in age or weight at
puberty (Cundiff, 1980) but little variation in adult fertility, at least among
Bos taurus breeds (e.g. Cundiff et at., 1974; Gaines et al., 1978). There are
no reports of differences between breeds in ovulation rate and though there may
be differences in litter size (twinning rate) (Rutledge, 1975), they are small
and much less than those reported for sheep. Significant differences in the
maternal and direct components of calf survival were observed in about half of
the experiments reviewed by Cundiff et al. (1982). However, apart from different
ces between certain European breeds and others in the incidence of dystociarelated mortality (Menissier and Foully, 1977), and those between Bos indiaus
cross genotypes (synthetics and semi-stabilised crosses) and others in the tropics
(Taylor et al., 1980), breed differences in calf survival are not sufficiently
repeatable to generate consistent differences in reproduction rate.
These exceptions aside, there is not much scope for between breed selection
to improve reproduction rate and though the advantages of crossbreds over purebreds in reproduction rate and growth are well documented (e.g. Warwick, 1968;
Cundiff, 1980) purebreds probably continue to dominate in most natural herds.
One exception has been the rise in numbers of Bos indiaus cross genotypes
(synthetics such as the Droughtmaster and other semi-stabilised crosses) in
tropical and sub-tropical regions of Australia. The infusion of Bos indious
genes has increased the productivity of cattle in these regions in a number of
different ways but important among these is improved calf and breeding cow
survival (Taylor et al., 1980).
Within-breed variation.
Heritability estimates for age at puberty are moderate to high (0.2-0.4)
while those for most other aspects of heifer or cow fertility are low (< 0.10).
On the basis of these estimates, age at puberty should respond to selection but
there are no reports of experimental attempts to verify that conclusion.
Attempts to alter fertility or shorten the inter-calving interval would appear to
require sophisticated progeny testing programmes such as those outlined by
Janson (1981).
Likewise there are no reports of within-breed variation in ovulation rate but
there is some evidence (Bar-Anan et al., 1980) of genetic variation (h2, 0.06-0,15)
among heifers and cows in the level of late embryo death. Estimates of the
heritability of litter size in the cow average 0.03 on the observed (all or none)
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scale of twinning frequency (Maijalaand Syvajarvi, 1977) and around 0.15 to 0.20
on an assumed underlying normally distributed scale of liability to twinning
(Johansson et at., 1974; Piper and Bindon, unpublished). An experimental
attempt to alter litter size by selection was begun in Australia in 1974 and is
based on a mixed-breed foundation population of cows that have previously had at
least two sets of twins (Piper and Bindon, 1979). The subsequent twinning rate
of these cows has averaged about fourteen percent and their daughters, sired by
foundation bulls whose dams had exceptional litter size records (3-8 sets of
twins), have twinned at around seven percent in adult calvings. The twinning
rate in comparable cows of the control herd is around one percent (Piper and
Bindon, 1979; Bindon and Piper, unpublished). All daughters born in the herd
have been retained up to the present time but selection of incoming replacements
(male and female), on the basis of their dam's lifetime litter size and
ovulation rate (Holland et at., 1981) records, will commence from next joining.
A similar experiment based on a highly selected (> 2 sets of twins) foundation
population of mostly Holstein cows is in progress in the United States (Cundiff,
personal communication).
The heritabilities of the maternal and direct components of calf survival
in cattle are similar to those in sheep and average around 0.07 and 0.04
respectively (Cundiff et at., 1982). With the exception of prospects for
reducing dystocia related mortality among certain European breeds (Menissier,
1974) there appears to be little scope for improvement of the direct component
of survival but some scope for improving the ability of cows to rear their calves.
SELECTION FOR INCREASED REPRODUCTION RATE IN SWINE
Between-breed variation.
There are large and significant differences between swine breeds in
reproduction rate with a two-fold range in litter size at weaning from around
seven for the Berkshire to about fourteen for some Chinese breeds. There is also
considerable individual and maternal heterosis for reproduction rate and many of
its components in a variety of breed crosses (Johnson, 1981; Sellier, 1976)
and some evidence that the level of heterosis differs between crosses (Johnson,
1981). Substantial gains in reproduction rate may therefore be made by selection
between breeds or crossbreeding systems and a high proportion (70 percent in
Australia; C.P. McPhee, personal communication) of commercially produced pigmeat
derives from crossbred swine.
Within-breed variation.
Age at puberty (Hutchens et at., 1981) and age at first farrowing (Johnson,
1981) have moderate heritabilities with estimates ranging from 0.19 to 0.66 and
0.16 to 0.23 respectively. Farrowing interval also has a moderate heritability
(0.17 + 0.04, Johansson, 1981) and it should therefore be possible to increase
by selection the opportunities for conception in the pig. Reducing age at
puberty has been shown to improve lifetime economic efficiency (Legault et at.,
1975; Tess et at., 1982) and early results from a selection experiment in
progress at the University of Nebraska (R.K. Johnson, personal communication)
give some indication of a positive response.
Ovulation rate also has a moderate to high heritability in pigs and a nine
generation selection experiment carried out in Nebrasks led to a realised
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heritability estimate of 0.4 + 0.07 (Zimmerman and Cunningham, 1975). However,
there was no significant response in litter size and results have been variable
in two other selection experiments where litter size was selected for directly.
Thus, Ollivier and Bolet (1981) observed no significant increase in litter size
after 10 generations of selection for total number of young born in the first two
litters in the Large White breed, while Legault e t a l . (1981) obtained a highly
significant response of 2-4 piglets at the second litter, but no significant
response at the first litter in the offspring of sows with extreme litter size
records. In order to understand the likely consequences of selection for
increased ovulation rate or litter size, the relationship between embryo survival
and ovulation rate and its interaction with sow age, parity and stage of
pregnancy clearly requires further examination.
No estimates of heritability for survival from birth to weaning were found
for swine (Cundiff e t a l . , 1982). However, average estimates of the heritability
of litter size at birth (0.10) and weaning (0.13) are very similar (Young e t a l . ,
1978) indicating that there is likely to be genetic variation in piglet survival.
On the basis of these average estimates, breeding programmes aimed at increasing
litter size at weaning should select directly for that trait rather than litter
size at birth.
ALTERNATIVE CRITERIA AND STRATEGIES

The difficulties of improving reproduction rate by within-population
selection methods have been discussed at length for sheep (e.g. Bindon and Piper,
1976; Land e t a l . , 1982) and may be summarised in the following way.
(a) Reproduction rate and most of its components (with the probable exception
of ovulation rate) have low heritabilities.
(b) The discrete scale of measurement for reproduction rate and its components
reduces the selection pressure that can be applied especially when selection
decisions are based on single measures of phenotype.
(c) Sex and age dependent expression of most of the traits reduces the accuracy
of selection and/or increases the generation interval.
The same problems apply for cattle and swine populations and this has
stimulated studies of alternative biologically-related traits which might not
suffer from the same limitations as the direct traits of interest. The
philosophy behind the search for physiological criteria of reproductive merit
derives from the knowledge that the same hormones are responsible for gonadal
development and activity in males and females and has been described by Land
(1974), and elsewhere (e.g. Land, 1978; Land, 1981). Several recent studies
(Piper, 1982; Land e t a l . , 1982) have reviewed the general properties that
indirect selection criteria should possess in order that gains in genetic
progress be achieved and a simulation study by Walkley and Smith (1980) has
quantified, for a range of parameter estimates, the advantages of physiological
traits than can be measured in young animals of both sexes. The majority of
investigations to date (see review by Land e t a l . , 1982) have involved comparative
studies, in breed or strains differing widely in fecundity of pituitary hormones
(FSH, LH, prolactin), gonadal hormones (progesterone, oestrogen, testosterone,
inhibin) or male traits such as testis growth and sexual activity. As such they
have highlighted many interesting aspects of the underlying physiology of genetic
differences in reproduction rate (see also review by Bindon and Piper, 1982) but
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have only provided preliminary, or in most cases no estimates of the heritabilities of the physiological traits or of the genetic and phenotypic correlations
with reproduction rate and its components. The general approach has much
intrinsic appeal but as yet has not firmly established the merits of any of the
alternative traits thus far investigated as indirect selection criteria for
improving reproduction rate or its components. It is perhaps time to reconsider
the lessons from dairy herd improvement schemes and to investigate the effect on
the rate of genetic gain in reproduction rate of selecting males on the basis of
a progeny test for female reproductive performance.
CONCLUSIONS
1.
Reproduction rate remains an important determinant of efficiency in sheep,
cattle and swine populations but analyses to quantify the economic benefits of
potential or realised increases are required for many production situations.
2.
There is a lack of information in all three species on the phenotypic and
genetic relationships between reproduction rate and its components in young
animals and lifetime productivity traits. Future studies should where possible,
attempt to rectify this deficiency.
3.
For sheep, there is considerable scope for increasing reproduction rate by
breed substitution and crossing and, though commercial utilisation of betweenbreed variation is widespread, its potential contribution has been limited to
some degree by international restrictions on the movement of genetic material.
For improvement within breeds, additional evidence has accumulated to
support the view that selection for increased litter size would be more effective
if based on ovulation rate. Equally important are some recent analyses which
indicate that genetic variation in the maternal component of lamb survival may be
at least as important as that in litter size in determining genetic variation in
reproduction rate. If confirmed, this conclusion would indicate that selection
for increased litter size at weaning (reproduction rate) would be more effective
if based on that trait than on litter size at birth.
4.
For cattle, there is little opportunity for increasing reproduction rate by
breed substitution with certain exceptions related to breed differences in calf
survival such as those arising from differences in the incidence of dystocia and
adaptation to tropical and sub-tropical environments. With perhaps the same
exceptions and the addition of age at puberty there appears to be little scope
for altering reproduction rate in cattle by within-breed selection though
several experimental attempts to alter litter size are presently in progress.
The most obvious method for increasing reproduction rate by genetic means is to
take advantage of the well documented heterotic effects on fertility, calf
survival and growth arising from breed crossing.
5.
For swine, the situation is somewhat similar to that in sheep despite the
vast difference in average litter size. There appears to be ample opportunity for
increasing reproduction rate through breed substitution and crossing and some
scope for within-breed improvement in this case through selection for reduced age
at puberty and farrowing interval as well as for increased litter size at weaning.
Unlike the sheep, the situation regarding ovulation rate is less clear since
substantial genetic improvements in ovulation rate brought about by selection have
not generated significant increases in litter size.
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6.
Physiological studies of genetic differences in reproduction rate have
advanced our understanding of the control of ovarian function. However, they
have not yet identified an indirect selection criterion that would alone, or in
conjunction with reproduction rate or its components, enhance the rate of
genetic progress in within-breed improvement programmes. These studies have
considerable merit and should continue but it is perhaps time to reconsider the
lessons from dairy herd improvement schemes where the problems of sex limited
expression of the trait of interest were overcome by selecting males for
breeding on the basis of a progeny test.
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SUMMARY
Prospects for improving the reproduction rate of sheep, cattle and swine
by genetic means have been reviewed. In sheep and swine but to a much lesser
extent in cattle, there is considerable scope for improving reproduction rate
by selection among breeds and by the formation of new synthetic or composite
breeds. In all three species crossbreeding results in positive heterosis for
reproduction rate with fertility and offspring survival making the greatest
contributions to the overall increase. With some exceptions (age at puberty
in all three species, ovulation rate in sheep) the within-breed heritability
estimates for reproduction rate and its components are low but in. most cases
probably different from zero. There is therefore some scope for increasing
reproduction rate by within-breed selection but rates of progress will generally
be slow especially for cattle. Attempts to define alternative indirect selection
criteria based on physiological studies of genetic differences in reproduction
rate have not as yet been successful.
SOMMAIRE
Les perspectives d'amelioration genetique de la reproduction ovine, bovine
et porcine sont examinees. II y a des bonnes possibility d‘augmented le taux de
reproduction par selection entre les races ovines et porcines et par le
developement des races synthdtiques et nouvelles. Dans toutes les trois espAces
le croisement des races donne un effet positif d'heterosis pour la reproduction
au moyen d'une augmentation de la fertility et une diminution de mortality
perinatale.
Sauf l'age A la pubertd chez les trois espAces et le taux d'ovulation chez
les ovins, les taux d'heritabilitd estimds dans une race pour les autres dldments
de reproduction sont positifs mais pas significatifs. C'est done possible
d'amdliorer le taux de reproduction au moyen de sdldction dans une race, mais le
progrAs genetique sera en general lent, surtout chez les bovins. Des etudes
physiologiques de differences genetiques de la reproduction ont proposd des
caractAres indirectes et alternatives de sdldction. Ces essais n'ont pas encore
du succAs.
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