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INTRODUCTION

Reproduction is a complex which involves the performance of
both male and female parents as well as the performance of the
individual products of fertilization.
Genetic variation in the
process of reproduction may be attributable to variation from all
three components. The likely importance of contributions from
the various sources will depend on the stage at which the process
is exaimined.
Thus ovulation rate, for example, can receive no
contribution from the zygotic source but may possibly be influenced
by the male component while litter size at birth may be influenced
by all three pathways.
Paternal contributions to ferhale reproductive performance will
not be considered in detail in this paper but it should be borne
in mind that work with cattle (Kidder et a l ., 1954; Bearden et a l .,
1956; Blockey et al., 1978)and sheep (Moore and Whyman, 1980) has
demonstrated genetic differences among mates in such traits as
serving capacity and fertilization success while semen antigens may
have an influence on embryo survival in pigs (Skjervold et a l .,19791.
It seems likely, however, that paternal effects account for only
a very small proportion of the variation in reproductive performance
in cattle, sheep and pigs.
While differences among females,in the adequacy of behavioural
oestrus and its timing relative to ovulation, and in the suitability
of uterine conditions for fertilization (Blockey et a l ., 1975), can
contribute to variation in reproductive performance the major
determinants of such variation are ovulation rate and embryo survival
and the genetic variation in these traits and in litter size will
be considered in detail.
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GENETIC

VARIATION

IN

OVULATION

RATE

Cattle There is very limited data in the literature relating to
genetic variation in ovulation rate of cattle. In a series of
studies with Holstein cattle in the United States no significant
sire line effects were found for ovulation rate (Kidder e t a l . ,
1952; Labhsetwar et al., 1963) although a significant depression
in ovulation rate due to inbreeding was noted. No satisfactory
information appears to exist on breed differences in ovulation rate.
Sheep
There is a considerable body of information available on
breed differences in ovulation rate (Lawson and Rowson, 1972; Land
et_al., 1973; Hanrahan, 1974 and Bradford, 1972). Within breed
variation in ovulation rate has received little attention from
geneticists until recent years although information indicating that
the repeatability of ovulation rate might be reasonably high has
been available for many years (McDonald and Ch'ang, 1966; Hulet
and Foote, 1967). Hanrahan (1976) reported considerable variation
among breeds in the repeatability of ovulation rate and also
found evidence to suggest that the heritability of ovulation rate
was reasonably high in the Finnish Landrace breed. More extensive
data on Galway and Finnish Landrace ewes yielded heritability
estimates of 0.58+0.28 and 0.45+0.07, respectively (Hanrahan, 1980a).
The estimate for the Finn breed was confirmed in a selection
experiment which yielded a realised heritability of 0.50+0.07
(Hanrahan and Quirke, 1980). Analysis of ovulation rate data in
18-month old Merino ewes (Piper et al., 1980) yielded a heritability
estimate of 0.16+0.07. However, these workers noted that data
from one particular flock-by-year subgroup appeared to make a
disproportionately high contribution to the among sire variance
component and after the elimination of this flock the estimate of
heritability was considerably reduced (0.05+0.07). A recent analysis
of genetic variation within the Romanov breed has yielded a
provisional estimate 0.25 for the heritability of ovulation rate
at around 8-10 months of age (Ricordeau, Razungles and Lajous,
personal communication).
The repeatability of ovulation rate in the Booroola Merino is
very high (Bindon, 1975) and this is attributable to the
segregation of a single gene (Piper and Bindon, 1980, 1981).

Table 1.

Line means for ovulation rate in Finn sheep

Selection
line

0.75*

Ewe aqe (years)
1.5*>
2.5C

Control
High (H)
Low (L)

1.93 2.65
1.57

2.61
3.88
2.76

Response to
selection (H-L) 1.08+0.21

1.12+0.13

3.05
4.50
3.26

2.5 and 3.5rf
2.74
5.27
2.56

1.24+0.39

*Ewes born 1981; f>Ewes born 1977 to 1980 cEwes born 1977
“l£wes born 1978 and 1979 — selected ewes only
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The effect of this gene on ovulation rate is additive within the
Merino breed (Piper and Bindon, 1979) and available information
would indicate an additive effect equivalent to three times the
phenotypic standard deviation of a non-carrier population.
Selection on ovulation rate in a Finnish Landrace population
has been effective (Hanrahan, 1980a) and the realised heritability
was estimated to be 0.50+0.07 (Hanrahan and Quirke, 1980) which
is in good agreement with both daughter-dam (0.45+0.07) and
paternal half-sib (0.38+0.36) estimates (Hanrahan, 1980a).
In this experiment the selection criterion has been the sum of two
ovulation rate measurements (usually consecutive cycles) at around
18 months of age, except in the first year when older ewes were
measured. The results up to 1981 are summarised in Table 1, which
includes data on the ewe lambs born in 1981 and measured at about
9 months of age. This table also shows the ovulation rate (at 2.5
and 3.5 years of age) for ewes selected as parents at 1.5 years of
age. The results from this experiment indicate that ovulation rate
in the ewe lamb is highly correlated genetically with ovulation rate
at later ages. The response achieved in the line selected for low
ovulation rate has been negligible and this is partly a reflection
of the low selection differential which was possible in this line
(Hanrahan and Quirke, 1980) due to the asymmetry of the ovulation
rate distribution. The means in Table 1 are unadjusted for line
differences in bodyweight and this may also be a factor contributing
to the absence of a response in the downward direction.
Piqs Reports on genetic variation in ovulation rate of pigs extend
over a relatively long period. Thus, Rathnasabapathy et al.,(1956)
and Reddy et al., (1958)reported significant variation among halfsib families of gilts and Lasley (1957) obtained an estimate of
0.1 for the heritability of ovulation rate in sows. Newman (1963)
found significant variation in ovulation rate among full-sib families
but his data were not extensive enough to provide estimates of the
additive genetic variation. Legault (1973) reported a heritability
estimate of 0.23 using data on gilts which were mainly of the Large
White breed. Young et al., (1977)obtained an estimate of 0.21 for
the heritability of ovulation rate and in a subsequent study(Young
et al., 1978)reported an estimate of 0.59 based on data from a
different population. This latter estimate (based on data from a
half—sib analysis)was consistent with an estimate of 0.43 for the
realised heritability of ovulation rate in a selection experiment
(over nine generations) involving the same synthetic population.
GENETIC

VARIATION

IN

EMBRYO

SURVIVAL

Any consideration of genetic variation in embryo survival must
recognise that the trait may be determined by genetic factors
associated with the embryo as well as by genetic variation
associated with the uterine milieu provided by the dam. Adequate
seperation of these direct and maternal effects has only been
achieved in a limited number of breed comparisons.
Cattle
There is an extensive literature relating to embryo survival
in cattle but it suffers from the indirect nature of the measure
ments employed which are based on non-return rate at various times
post-mating (insemination). In a recent paper Bar-Anan et al.,
(1980) have attempted to study the various factors involved by
examining variation in non—return rates when the non—return interval
is partitioned so as to discriminate between early embryonic death
(includes fertilization failure) and late embryonic death.
For non-return rate and pregnancy rate as a trait of the bull used
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in the insemination, the heritability was approximately 0.03 with
no indication of genetic variation among bulls in causing prolonged
cycles or late embryo death. In contrast these authors found a
considerable amount of genetic variation among the females in the
level of late embyro death. Heritability estimates ranged from 0.06
to 0.09 for cows?0.09 to 0.15 for heifers. These estimates were
derived from half-sib analyses of the female records. The same
analyses yielded estimates of approximately 0.03 for the heritability
of pregnancy rate with smaller estimates for non-return rate.
Hansen (1980) also reported low estimates for the heritability of non
return rate analysed as a trait of the bull while Stocker (1976)
analysed non-return rate as a trait of the bull and obtained
estimates of less than 0.01 for the heritability and a zero estimate
for embryo mortality estimated as the difference between 30-60 and
60-90 day non-return rates. Milagres (1978) analysed the number of
services per conception for a herd of cows over a 10 year period
and obtained a value of 0.24+0.02 for the heritability of this trait.
Mares et al., (1960) and Conneally et al., (1963) studied the impact
of mild inbreeding of the cow and the potential sygote on the rate
of pregnancy at about 41 days post-insemination and found a
significant reduction in pregnancy rate associated with both inbreeding components. Reduction in fetal survival (41 days to term)
associated with increased inbreeding of the dam was significant
(Mares et al., 1960).
Sheep
Most of the published information on genetic variation in
embryo survival is limited to breed and cross differences with no
information on within breed genetic variation. A number of eggtransfer studies have been reported which explore breed differences
in embryo survival as a trait of the dam. These studies usually
involved ,a Wide range among breeds in ovulation rate but failed to
show any significant variation among these breeds in embryo survival
(Hanrahan, 1979) .
Bradford (1972) reviewed the results of eggtransfer experiments from the point of view of differences due to
the genotype of embryo and concluded that there was no difference
between embryos from high and low prolificacy breeds in their
survival following transfer. A similar conclusion was reached by
Hanrahan (1979) from analyses of the survival of embryos from
Finnish Landrace, Galway and Texel breeds.
In recent analyses (Hanrahan et al., 1982)the repeatability of
embryo survival was examined in two situations. In the first case
the correlation was calculated between the litter size of mature
recipients, following the transfer of two or three embryos, and
the average litter size produced (after natural mating) by these
ewes at 2-,3- and 4- years of age. This analysis yielded a correlation
coefficent of 0.030 + 0.098. The second case involved information
on embyro survival in each of several years for control Merino,
Booroola Merino and Booroola cross ewes and provided intraclass
correlations, of -0.005 + 0.394, 0.006+0.127 and 0.079+0.043,
respectively. The weighted average of the intraclass repeatability
estimates isx0.07+0.041 (P<0.10). The data set on Booroola cross
ewes allowed a daughter-dam regression analysis for embryo survival
which yielded ^negative (non-significant) regression coefficient.
Hanrahan and Quirke (1980) found significant variation among donor
ewes for the survival rate of their embryos following transfer but
it remains to be determined whether such variation is repeatable.
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Pigs
A number of studies have revealed significant genetic
variation in embryo survival in pigs. Thus, both Rathnasabapathy
et al., (1956) and Reddy et al.,(1958)found significant variation
among sire families in the litter size of gilts at 55 days gestation
when the data were adjusted for ovulation rate. Perry (1976) noted
significant difference among sire families with respect to percen
tage embyro loss when calculated by reference to ovulation rate
at mid pregnancy and litter size at parturition. Young et al.,
(1977) estimated the heritability of embryo survival at 30 days
gestation by considering the ratios E/CL and CL/E (where CL equals
number of corpora lutea and E equals number of embryos). They
obtained a negative estimate (-0.22) for E/CL and a possitive
estimate CL/E (0.28). Neither estimate differed significantly from
zero. Comparisons of crossbred and purebred females have generally
indicated heterosis for embryo survival indicating the existence
of genetic variation in this trait (Young et al., 1974; Legault and
Gruand, 1981) .
GENETIC

VARIATION

IN

LITTER

SIZE

Cattle
There have been many studies and reviews of genetic
variation in litter size in cattle and literature estimates of
the heritability of twinning rate have been compiled by Maijala
and Syvajarvi (1977) who found an average value of 0.03. These
authors also concluded that the repeatability of twinning was 0.06.
There have been few attempts to select for twinning in cattle and
the results of such attempts were reviewed by Piper and Bindon
(1979) who showed that intense selection of cows on their twinning
records yielded a subset of the population with a high subsequent
twinning rate. However, they stated that calving records on
daughters of selected cows were too few to give a reliable estimate
of genetic gain. In the selection experiment initiated by Piper
and Bindon (1979) in Australia they now report a twinning rate of
8 percent among the progeny of the selected foundation cows and this
genetic gain is almost exactly equal to the expected gain calculated
using the selection intensity imposed and the average values for
repeatability and heritability quoted above (Piper and Bindon,
personal communication).
Sheep
A number of selection experiments on litter size in sheep
have been reported (Wallace, 1964; Turner et al.,1962; Hanrahan and
Timon, 1978; Atkins, 1980; Bradford et al.~ 1981). While the
precise selection criterion varied among experiments they all had
the objective of changing reproductive rate and put all or most of
the emphasis on litter size. Current performance levels in the
selection experiment with Galway sheep (Hanrahan and Timon, 1978)
shows that genetic gain is approximately 1.5 percent per annum
(Table 2). This represents an annual gain of 0.02 lambs born per
ewe lambing and is comparable to the annual improvement of 0.018
in lambs born per ewe joined reported by Atkins (1980); Turner(1977)
reported that in the early years of her selection experiment the
annual divergence between the high and low twinning lines was 0.023
but that this declined in later years. Clarke (1977) in a summary
of Wallace's divergent selection experiment reported an annual gain
of 0.018 in litter size in the line selected for high litter size
but with a much smaller response in the line selected for low litter
size.
Bradford et al., (1981)presented a preliminary report on
selection for increased litter size in the Targhee breed in the
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United States using foundation animals from the top 20 percent of
a recorded flock. The initial selection generated a genetic gain
of 0.15 in litter size which has not been exceeded since despite
a further 10 years of selection for high litter size.
A less orthodox approach to selection for increased litter size
was initiated in our Institute in 1963 (Hanrahan, 1979) and
involved the purchase of foundation ewes (and male progeny) on the
basis of their outstanding prolificacy. No breed restrictions were
applied and the population was closed in 1965. This flock has been
selected for increased litter size since its foundation. While no
formal control flock has been maintained the flock has been run on
the same farm as an unselected Fingalway flock with the same feeding
and management. Comparison of the performance of these two flocks
should provide some evidence on whether further genetic progress
has been achieved. The regression of the annual differences on
year were 0.007+0.017 for litter size at two years of age and
0.051+0.032 for litter size at three and four years of age. Owen
(1976T has reported on the performance of a flock which was
founded by screening the ewe population of Britain and the introduc
tion of 25 percent Finnish Landrace ancestry. The population has
been continuously selected for prolificacy and current mean litter
sizes are 1.64, 2.46, and 2.84 for 1 year-old, 2 year-old and older
ewes (Owen et al., 1980). No estimate of genetic progress since
its foundation appear to have been reported for this flock.
Turner et al., (1962) reported on a Merino flock (Booroola
Merino) which had been selected very successfully by a private
owner for increased prolificacy. Subsequent selection within a
foundation population obtained from this flock has been successful
in further increasing litter size (Turner, 1977). Recent analysis
of the selection history of the Booroola and the lambing records of
the foundation ewes obtained by CSIRO led to the conclusion that
the increased litter size in this population was attributable to
a gene which increased litter size by one lamb in heterozygotes
(Piper and Bindon, 1980).
Table 2.

Ewe age
2
3
4

Response to selection for increased litter size in Galway
Sheep (based on ewes lambing in 1977 to 1981).
Control
mean
1.21
1.49
1.61

Selection
response
0.27
0.24
0.18

total
21
16
11

% Gain
per annum
1.8
1.5
1.1

Pigs The literature estimates for the heritability of litter size
have been summarised by Young et al.,(1978) who quote an average
value of 0.10 with a range from less than zero up to 0.72.
Ollivier and Bolet (1981) reported values of 0.09 and 0.05 for the
heritability of number born in first and second litters, respectivaly,
for the Large White breed.
Selection for increased litter size in the Large White breed
based on the total number of young born in the first two litters
was initiated in France in 1965 but after the completion of ten
generations of selection no significant increase in litter size was
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detectable (Ollivier and Bolet, 1981)• This result was attributed
to a failure to achieve the planned selection intensity due to
various breeding problems and to the fact that the genetic
correlation between the size of first and second litter was
essentially zero. The results of another attempt to select for
increased prolificacy by very intense selection for litter size
among sows in recorded herds was reported by Legault et al.,(1981).
There was a small increase in number of embryos at 30 day gestation
in gilts as a result of this selection and for a small sample of
sows with two litter size, records there was no significant increase
in the size of the first litter but a highly significant increase
(2.4 piglets) was recorded in the size of second litters.
THE

RELATIONSHIP

BETWEEN

OVULATION

AND

LITTER

SIZE

The nature of the relationsip between ovulaiion rate and litter
size needs to be understood if alternative selection strageties
are to be adequately evaluated. Information relevant to this
topic appears to be more complete for the sheep than for pig or
cattle and consequently the data on sheep will be considered in
more detail.
Sheep It was suggested many years ago (Hammond,1914) that ovulation
rate was the principal determinant of fecundity in sheep.
More critical evidence on this point has been assembled in recent
years with the publication of the results of sheep breed
comparisons utlising the technique of embryo transfer to critically
evaluate differences in the maternal contribution ;t6 embryo
survival. These comparsions have examined differences between
breeds and crosses (Larsen and McDonald, 1971; Lawson and Rowson
1972; Bradford et al., 1974; Hanrahan and Quirke, 1976) as well as
differences among strains within a breed type (Trounson and Moore,
1972; Bindon et al., 1978). A review of these results and of
published data on embryo survival as a function of the number of
eggs shed led Hanrahan (1980) to propose that genetic variation in
ovtilation rate was essentially the only source of genetic variation
in litter size in sheep. In the survey of literature values on
embryo survival as a function of ovulation rate the results involving
the Romanov breed and its crosses with the Berrichon du-Cher breed
(Ricordeau et al., 1976) yielded considerably higher embryo survival
rates than the average (Hanrahan et al., 1982) in the case of ewes
with two or three corpora lutea. Ricordeau et al., (1976) also
found that embryo survival was significantly higher in the Romanov
and cross-bred ewes than in the Berrichon when individuals with two
corpora lutea were compared. A more recent analysis of data on the
Romanov breed by Ricordeau and his colleagues at Toulouse (Ricordeau,
personal communication) has confirmed the high level of embryo
survival in this breed. Despite these results the weight of evidence
is still consistent with the notion that breed differences in litter
size are essentially due to differences in ovulation rate.
Of course breed differences do not provide any direct evidence
on the nature of within breed covariation. For this we must look
to the results of selection experiments on litter size and ovulation
rate. Only Turner's selection experiment with the Australian
Merino appears to have been used to examine correlated changes in a
ovulation rate (Packh&n & Triffit, 1966; Bindon et al., 1971) and
embryo survival (Bindon et al., 1971; Trounson and Moore, 1972).
The studies have shown substantial changes in ovulation rate with
no convincing evidence for changes in embryo survival although
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Trounson and Moore (1972) did find significant line-of-dam by
line-of-embryo interactions. Nevertheless these authors concluded
that selection had operated primarily on ovulation rate. This is
suported by the fact that the observed differences in ovulation
rate were larger than reported differences in litter size for this
experiment (Turner, 1968, 1977). A similar result was found for
two-year old ewes in the selection experiment with Galway sheep
(litter size difference = 0.26+.09; ovulation rate difference before
joining = 0.28+.08 for ewes born between 1976 and 1980). Likewise
Bradford's selection experiment has yielded a difference of 0.18
for ovulation rate (Quirke and Bradford, personal communication)
compared with 0.15 for litter size. Ovulation rate data have not
been published for the selection experiment initiated by Wallace (1964).
The evidence from these selection experiments suggests that
embryo survival has not contributed to the observed response in
litter size. One further example concerns the high fertility line
in our Institute which was founded by selection of indivudal ewes
with outstanding prolificacy records from the national ewe population.
The ovulation rate for a sample of these ewes and for contemporary
Fj Fingalway ewes averaged 2.89 and 2.78, respectively. The
corresponding average litter sizes (at three and four years of age)
for all ewes in the cohorts which contributed ovulation rate data
were 2.19 and 2.10, for these two breeds. There is therefore no
evidence of any change in embryo survival despite the intense
selection for litter sizein the high fertility line.
The ovulation response in litter size associated with selection
on ovulation rate in Finn sheep has been evaluated at the two-year
old lambing only and in most cases the unselected ewes in each
line were slaughtered at about 30 days postmating. The combined
data for litter size at ewes born in 1977, 1978 and 1979 yielded
averages of 2.29 for the high line, and 2.16 for the low line while
the line difference in ovulation rate was approximately 1.1 when
averaged over the two cycles prior to mating. The limited data on
embryo survival in the slaughtered ewes yielded a non-significant
difference between the selection lines for ewes shedding three or
four eggs (Table 3).
Table 3. Effects of selection for ovulation rate on embryo survival
in Finn ewes
No. Corpora
lutea per ewe
3
4

NO. Of embryos per ewe
Low Line
High Line
2.14 (7)+

2.31 (16)

3.18(11)

2.55 (11)

t No. of ewes.
A model for the relationship between the number of eggs shed
and litter size has been proposed by Hanrahan (1979,1980b) and
developed more fully by Hanrahan et al., (1982). The model assumes
no genetic variation among ewes in their ability to support embryos
and that the number of embryos which survive, given the number of
eggs shed, follows a binomial distribution. Hanrahan et al.,(1982)
found a linear relationship between the probability of embryo
survival and the number of eggs shed. This results in a curvilinear
relationship between ovulation rate and litter size (Figure 1) which
is consistent with previous observations in Finn (Hanrahan, 1976)
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and Booroola Merino ewes (Piper and Bindon, 1981). A consequence
of the model is that the repeatability and heritability of litter
size will be lower than the corresponding parameters for ovulation
rate. The extent of the discrepancy depends on the mean and the
variance of ovulation rate as well as the absolute level of embryo
survival in a population. Over the range 1.4 - 2.5 for mean
ovulation rate the change in litter size is very nearly linear at
approximately 0.63 lambs per unit change in ovulation rate.
A higher rate (0.74) is suggested by Ricordeau (personal communicat
ion) for the Romanov when ewes shedding two and three eggs are
compared and this difference is a reflection of the high embryo
survival found in the Romanov data.
In terms of the foregoing model it can be shown (Hanrahan,
et al., 1982) that the repeatability of litter size equals d2r ;
and the heritability of litter size equals d2h^;where d is the
correlation between ovulation rate and litter size and r and h2 are
the repeatability and heritability, respectively, of ovulation rate.
The value of d depends on the distribution of ovulation rate and
on embryo survival (as a function of ovulation rate). Estimates
of repeatability and heritability fear' ovulation rate and litter size
in Finn ewes together with predicted values for litter size,using
the model and the estimates for ovulation rate,,are given in Table 4.
The agreement between the actual estimates and the model calculations
is quite close. The curvilinear relationship between ovulation rate
and litter size means that the "Apparent" genetic correlation
between these two traits will decline as mean ovulation rate increases.
Table 4
Statistic

Observed parameters for ovulation rate and litter size in
Finn ewes together with predicted values for litter size
Observed parameters for
Predicted parameters for
Ovulation rate Litter size
Litter size

Mean
Repeatability
Heritability

3.8
0.67
0.45

2.6
0.10
0.10

2.6
0.11
0.07

Pigs The genetic relationship between ovulation rate and embryo
survival in the pig is difficult to resolve from the published
literature. Ten generations of selection for increased litter
size in the Large White breed has not been successful (Ollivier
and Bolet, 1981). However, the ovulation rate of sows slaughtered
30 days postmating during their third pregnancy suggests a positive
correlated response in this trait.'
The selection of "hyperproflic" sows reported by Legault
et al.,(1981) yielded daughters with significantly increased
ovulation rates (16.3 versus 14.5) but only a small increase in
number of embryos at 30 days postmating. This meant that embryo
survival rate was lower in the line selected for high litter size
but an assessment of embryo survival differences would have to allow
for the differences in ovulation rate. The large response in the
size of the second litter for this selection experiment remains to
be apportioned to ovulation rate and embryo survival. Current
research in France involving comparisons between European and
Chinese breeds and their crosses indicate that litter size
differences can be due either to ovulation rate or embryo survival
and,in particular,two distinct sets of crossbreds achieved the same
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Figure 1 . The relationship between ovulation rate (X) and litter
size Y-( based on a survey of published data which
gave litter size for ewes with known number of corpora
lutea) forced through the point (1«1).

litter size by the two different routes (Legault and Coritez, 1982;
Rombauts et al., 1982). In another series of French studies on
the European Wild Pig the low litter size (4.5) characteristic of
these animals is attributable to a low ovulation rate (5.2) with
embryo survival in the region of 87 percent (Aumaitre et al.,1982).
The successful selection for increased ovulation rate at second
oestrus in gilts in a synthetic population (Cunningham, et al., 1979)
was not associated with any significant increase in the litter size
of the gilts when mated at a subsequent oestrus. It was shown that
the percentage embryo mortality was higher in the selection gilts
at both 30 and 70 days post-breeding (Geisert et al., 1977, 1978a,
1978b) but it is not clear whether this difference would persist if
the lines were compared at the same mean ovulation rate.
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Legault and Gruand (1981) have shown that the phenotypic
relationship between ovulation rate and the number of embryos
(at 30 days) is curvilinear in both pure-bred and cross-bred gilts.
In both cases there was an essentially equal linear trend in litter
size (+0.4 embryos per corpus luteum) between ovulation rates of
10 and 17., This latter observation makes the low correlated
response in litter size observed by Cunningham et_al., (1979)some
what surprising. Clearly there is a need to examine in detail the
relationship between the number of corpora lutea and the number of
embryos in pigs for the range of genetic stocks available. Such an
examination should consider embyro numbers at later stages of
gestation than 30 days and preferably at birth. The effect of
age and parity on these relationships also need to be examined.
Cattle In cattle the relationship between ovulation rate and litter
size is poorly documented. That the bovine uterus is clearly
capable of sustaining two embryos is evidenced j by the success of twin
production by embryo transfer (Sreenan, 1977). The level of
embryo mortality as a function of ovulation rate appears to be
higher in cows than in ewes and an additional complication appears
to be introduced by the existence of a considerable differential
between unilateral and bilateral twin ovulators with respect to
embryo survival (Hanrahan, 1982). The literature on the distribut
ion of twin ovulations also suggests the possiblity that, at least
in some situations, the proportion of unilateral twin ovulations
may be considerably higher than the proportion predicted from the
independent occurrence of ovulation points (Hanrahan, 1982).
As a consequence of these observations the relationship between
ovulation rate and litterLSize in cows is likely to be considerably
lower than in sheep for a given incidence of twin ovulations.
A corollary of this observation is that the frequency of twin
ovulation in cows is likely to be considerably higher (two or three
times ) than the frequency of twin births. This would make ovulation
rate considerably more attractive as a selection criterion than litter
size; quite apart from the advantages of repeated measurements and
the likely higher heritability of ovulation rate if the model
proposed for sheep is applicable to cattle.
CONCLUSIONS
Results for both sheep and pigs indicate that the heritability,
of ovulation rate is moderate to high and, therefore, considerable
response to selection is indicated. This has been achieved in a
selection experiment with sheep and in another with pigs. The
consequences of such changes for litter size at birth are less clear,
expecially in pigs. A curvilinear relationship between ovulation
rate and litter size has been demonstrated for both species but for
the majority of sheep populations the mean ovulation rate is such
that linear changes in litter size can confidently be predicted to
follow changes in ovulation rate. The same cannot be said for pigs
since a substantial genetic improvement in ovulation rate, by
selection, has not generated a significant increase in litter size.
While there is evidence that genetic variation among sows in
embryo survival makes an important contribution to genetic variation
in litter size, we clearly need much more information on the genetic
and non-genetic components of the relationship between ovulation
rate and embryo survival in pigs before any confident predictions
can be made regarding the consequences of alternative selection
strategies for increasing reproductive rate in this species.
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Genetic variation for litter size exists in cattle populations
and cows have the capacity to support twin pregnancies to a level
equal to sheep provided the two embryos do not occupy the same
uterine horn. A selection experiment, for increased litter size,
underway in Australia has shown that the response obtained by
intense selection of foundation stock is consistent with the average
of the many published estimates of heritability. Further selection
would be more efficient if based on ovulation rate but information
is necessary on the inter-ovarian distribution of multiple ovulation
as this will effect the level of correlated response in litter size.
Selection for increased litter size has been successful in sheep
for a variety of breeds with annual genetic gains in the region of
1.0 to 1.5 percent being recorded. In all cases studied the litter
size response can be explained by changes in ovulation rate
indicating that embryo survival plays, at most, a minor role.
Attempts to select for increased litter size in pigs have not been
particularly successful but the results have raised the possibility
of important genotype by age interactions which need to be studied
in relation to ovulation rate and embryo survival.
Predicitions of selection response in traits like ovulation
rate and litter size need to allow for the discrete nature of
these variables, especially for sheep and cattle. This problem
also complicates predictions relating to how the components of
litter size are likely to respond and the use of conventional
prediction precedures may not be very appropriate.
SUMMARY

Evidence for genetic variation in reproductive performance of
cattle, sheep and pig populations was reviewed with particular
attention to variation in ovulation rate, litter size and embryo
survival. The amount of information available on these traits and
especially on their interrelationship varies considerably among
the species considered. There is evidence for considerable genetic
variation in ovulation rate in sheep and pigs with little
information available for cattle. Selection experiments based on
litter size measurements have been effective in sheep and cattle
but not in pigs, although results in pigs have indicated the
possibility of genotpye x age interactions. Information from
cattle and pigs indicates a significant role for genetic variation
among females in embryo survival while this does not appear to be
the case in sheep. The relationship between ovulation rate and
litter size is curvilinear in both sheep and pigs and more
information is needed, expecially for pigs,on the genetic componeit
of this relationship.
RESUME
L'evidence de la variation genetique dans la (performance),
reproduction de la population de betail, moutons et pores a ete
revue avec une attention toute particuliere en ce qui concerne
la variation dans le taux d'ovulation, la prolificite et la
survivant de l'embryon. L 'information dippouible sur ces points,
et en particuliere sure leurs inter-relation varie considerablement chez les espeeces considirees.
II y a evidence d'une variation
genetique considerable dans le taux d'ovulation pour les moutons
et le pore et tres peu d 'inf ormation pur le^b^tail. Les experiences
de selection basees sur la prolificite ont ete efficaces pour les
moutons et le betail mais pas pour les porcs^ bien que les resultats
chez les pores avaient indique la possibilite d 'interractions d'age
x du genotype. L 1information sur le betail et les pores indique
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un role significatif de la variation,genetique chez les femelles
dans la suivre de l'embryon alors que cela ne semble pas etre le
case chez le mouton. La relation entre taux d'ovulation et la
prolificite est currilique a la fois chez le mouton et le pore et
on a besoin de plus d 'information, en particuli&r pours le pore,
sur le componant genetique de cette relation.
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