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SUMMARY

The literature on seasonality of breeding and prolificacy in 
sheep and goats is reviewed. The evidence in relation to genetic 
variation within and between breeds is most substantial in the 
case of prolificacy in sheep; showing large and essentially 
additive differences among breeds and considerable genetic 
variation within breeds including genes with a large effect on 
ovulation rate in at least three very different populations. The 
literature on goats is much less extensive. Information on the 
genetic architecture of breed differences in breeding season 
length is very limited in both species and substantial information 
on within breed genetic variation is largely confined to data 
relating to the onset of the breeding season in sheep. The 
available information for sheep suggests that breeding season 
length has a low to moderate heritability and is positively 
related to prolificacy. It is suggested that increased annual 
reproductive rate is readily obtained by exploiting breed 
differences in ovulation rate or utilising single gene effects. 
Increasing the number of pregnancies per annum should be pursued 
by selecting directly for length of the breeding season in an 
index with ovulation rate.

INTRODUCTION

The annual rate of reproduction per female io a major 
component of biological efficiency in ruminants, especially those 
kept for meat production (Dickerson, 1969). Since the length of 
gestation in sheep and goats is usually between 143 and 150 days 
the reproductive rate of these small ruminants may be increased by 
raising prolificacy and by increasing the number of pregnancies 
per female per year. Worldwide research effort on increasing 
reproductive rate has concentrated mainly on prolificacy, 
especially in sheep. The prospects for achieving more than one 
pregnancy per year are reduced by the existence of a period of 
post-partum anoestrus (Hunter, 1968; Van Niekerk, 1976) in both 
species, combined with the existence of a limited breeding season 
in many breeds. Since uterine involution in ewes is not complete 
until about 28 days post-partum (Van Niekerk, 1976) the prospects 
for maintaining a lambing to conception interval of 183 on a flock 
basis are rather poor - consequently two pregnancies per female 
per year will be difficult to achieve. However, it has been shown 
that a large proportion of ewes which lamb in the early part of 
the breeding season can conceive at an average interval of 40 to 
50 days post-partum (first oestrus post-partum in the region of 30 
days) (Osinowo and Ekpe, 1985; Land, 1971; Dufour, 1975) and 
hence an annual frequency of pregnancy approaching 1.8 - 1.9 is 
possible. Walton and Robertson (1974) reported a mean 
conception-to-conception interval of 189 days for purebred Finn 
ewes in Canada. The ewes in that study achieved about 1.7 
lambings per ewe per year over 5 successive Joinings at 6 month 
intervals. Aboul-Naga (1985) has summarised the literature on the
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number of lambings per year in tropical sheep breeds quoting 
values of 1.87 to 1.97 for the D'man in Morocco and 1.44 to 1.85 
for breeds in Iran. Obst et al. (1980) reported values 1.46 to 
1.85 for Javanese sheep and 1.82 to 1.85 for goats. The Ma T'ou 
goat in China has been reported to have two kiddings per year and 
produces 4.5 kids per doe per annum (Epstein, 1969). In order for 
the number of pregnancies per year to approach two the seasonality 
of oestrus and ovulation must be eliminated. Thus the principal 
limitations to substantially increased reproductive rate are the 
seasonality of oestrus and low prolificacy.

This paper will briefly summarise the present understanding 
of the physiological basis for seasonal anoestrus and variation in 
prolificacy. Since the research in both areas is concentrated on 
sheep the results in this species will be taken as the basis. 
Information on genetic variation in these traits in both species 
will be summarised. Since variation in prolificacy is a 
reflection of underlying variation in ovulation rate and embryo 
survival these components are also examined.

VARIATION IN LENGTH OF THE BREEDING SEASON

Physiological basis: The physiological status of both males and 
females during the breeding and non-breeding seasons has received 
considerable attention in sheep and the research conducted in this 
area has been the subject of a number of recent reviews (Haresign 
and McLeod, 1985; Lincoln and Short, 1980). Briefly, in the ewe, 
the non-breeding season is characterised by low levels of tonic LH 
secretion and hypersensitivity of the hypothalamic-pituitary axis 
to the negative feedback effects of oestradiol on LH secretion. 
During the breeding season oestradiol is a much less potent 
inhibitor of LH secretion and the control of tonic LH requires the 
combined presence of oestradiol and progesterone. The transition 
between the seasons is thus marked by a shift in the 
responsiveness of the hypothalamic-pituitary axis to the negative 
feedback effects of oestradiol. An hypothesis for seasonal 
breeding in sheep which has this shift in sensitivity as its basis 
has been advanced and was recently discussed by Goodman and Karsch
(1980). The occurrence of this pivotal neuroendocrine event 
appears to be regulated by photoperiod, an environmental factor 
well known to impinge on the seasonality of reproductive behaviour 
in the ewe (Legan and Karsch, 1980). There is evidence to suggest 
that melatonin secretion from the pineal gland is involved in the 
transfer of information on photoperiod to the brain (Bittman, 
Dempsey and Karsch, 1983). It has also been shown that the time 
of onset of the breeding season can be advanced significantly in a 
wide range of ewe breeds by administration of exogenous melatonin 
by a variety of routes (Roche et al. 1985; Nowak and Rodway, 
1985; Kennaway, Gilmore and Seamark, 1982).

Sheep: Differences among sheep breeds in breeding season length 
have been examined by many authors and the range of breed means is 
summarised in Table 1 for sheep maintained in temperate latitudes. 
Many sheep breeds native to tropical and subtropical regions do 
not have a distinct anoestrous season although the incidence of 
oestrus is usually lowest in spring. The literature on these 
breeds has been summarised by Aboul-Naga (1985). The D'man breed
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in Morocco and the Ossimi in Egypt are essentially aseasonal with 
over 80 percent of ewes showing oestrus in all months of the year. 
The Merino in Australia is regarded as having a very shallow 
anoestrus in spring and can be readily induced to cycle at this 
season by exploiting the ram effect (Oldham, 1980).

TABLE 1. Differences in breeding season length among sheep breeds

Source Ho. of 
breeds

Country Breed 
(range

means 
- days)

Dufour 4 Canada 132 _ 227
Hafez (1952) 6 Britain 131 - 233
Haresign and McLeod (1985) 2 Britain 182 - 277
Jeffcoate et al. 4 Canada 126 - 217
Kellv et al. (1976) 5 New Zealand 114 153
Quirke (1986) 5 Ireland 156 214
Thimonier (1975) 3 France 162 202
Walrave et_ai,, (1975) 4 France 161 - 187
Wheeler and Land (1977) 3 Britain 141 — 215

The effect of crossbreeding on length of the breeding season 
has not been examined systematically by many authors. Aboul Naga 
(1985) reported a large heterotic effect in crosses between 
temperate breeds (Suffolk or Mutton Merino) and the sub-tropical 
Ossimi breed in Egypt. The incidence of normal cyclicity was 
higher in crossbreds than in the parental breeds at all seasons 
but especially in Spring and Summer. Quirke et al. (1985) 
examined the duration of the breeding season in ewe lambs of 
various breeds including Finn, Dorset and their FI cross. There 
was no difference between these groups in date of first oestrus 
but duration of the breeding season was significantly longer in 
the Finn and FI ewe lambs. The test of heterosis did not reach 
statistical significance although the duration of the breeding 
season was longest in the FI group. Ricordeau et al. (1976) 
found no evidence for heterosis in date of onset of the breeding 
season in crosses involving the Romanov and Berrichon du Cher but 
these breeds differed little with respect to this trait. Quirke 
et al. (1986) examined the duration of the breeding season in 
various breeds in Ireland including the Galway and Fingalway 
(l/2Finn x l/2Galway) breeds while Jeffcoate et al. (1984) 
reported a similar study in Canada involving ewes of the 
Rambouillet and Columbia breeds and ewes produced by crossing 
these breeds with the Finn. If the duration of the breeding 
season is taken as 234 days (using data of Osterberg (1975) and 
Table 4 results) for the pure Finn then a tentative evaluation of 
heterosis effects in both studies may be obtained. The Irish 
study yielded a value of 198 for the duration of the breeding 
season in the Finn cross ewes and the predicted value is 195 days. 
Corresponding figures for the Canadian study are 210 and 195 for 
the Rambouillet x Finn and 217 and 194 for the Columbia x Finn. 
These results show that the crossbred has a somewhat longer 
breeding season than would be predicted under an additive model. 
In a German study (Kallweit and Smidt, 1978) of crosses involving 
the Finn with both German Mutton Merino and Texel breeds the
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number of oestrus cycles in crossbred eves vas intermediate 
betveen the values observed for parental breeds. A similar result 
vas obtained in Russia for crosses involving the Precoce breed and 
both the Finn and the Romanov (Shatski, 1984).

The general pattern of results from breed crosses suggests 
that breed differences in breeding season length are associated 
vith some heterosis on crossing although most studies have serious 
limitations. The exception is the crossbreeding study betveen 
temperate and sub-tropical breeds (Aboul-Haga, 1985) vhich shoved 
considerable heterosis in a sub-tropical environment.

While there is ample evidence on the existence of breed 
differences in length of the breeding season there is very limited 
information on the genetic basis for intra-breed variation. 
Ch'ang and Rae (1970) and Baker et al, (1979) obtained estimates 
of 0.32 and 0.39, respectively, for the heritability of the number 
of oestrus cycles in Romney eve lambs. Hovever eve lambs vhich 
failed to reach puberty vere probably included in these analyses 
and hence the trait is not strictly equivalent to length of the 
breeding season. There appears to be no estimate of the 
heritability of breeding season length for adult eves. In a 
recent study (Quirke et al. 1986) the repeatability of the 
duration of the anoestrum vas 0.30 +. 0.09.

Goats: There appears to be little information from designed breed 
comparisons in this species. Most of the vorld's goat population 
is in tropical and subtropical areas and many of the breeds are 
capable of shoving oestrus at all times during the year. Sengar 
(1976) (quoted by Ricordeau, 1981) has reported differences among 
Indian goat breeds in the incidence of tvo kiddings per year 
(range 8 to 54%). Angora goats in South Africa have a breeding 
season 94 days duration (Pretorius, 1973) vhile Spanish (meat 
type) does in Texas have a breeding season of about 180 days vhich 
is longer than for Angora goats in the same location (Shelton, 
1977). There appears to be no direct information on the nature of 
vithin breed variation except the observation by Singh et al.
(1970) that the interval betveen first and second pregnancies has 
a heritability of 0.15 in Beetal goats.

Variation in onset of the breeding season

Information on the repeatability and heritability of the date 
of the first oestrus of the breeding season and on (the related 
trait) date of lambing is summarised in Table 2. Thrift et al.
(1971) reported a significant annual phenotypic trend for date of 
lambing (over 13 years) in a Southdovn flock selected on this 
trait but the correlated change in date of first oestrus vas 
smaller and not significant. Onset of the breeding season vas 
advanced by selection for date of lambing in a synthetic 
population but the date of cessation of the breeding season 
appeared to be unchanged (Dufour et al. 1982). Land (1982) has 
reported a significant divergence for date of onset of the 
breeding season betveen tvo lines being selected (high and lov) on 
testis size in ram lambs. The available evidence shovs that date 
of onset of the breeding season is moderately repeatable vith some 
of this being attributable to genetic variation vhich can be
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exploited by selection. However the consequences for duration of 
the breeding season are unclear. In a study (over 2 years) of the 
oestrus activity of ewes from various breed types in Ireland 
(Quirke et al. 1986) the phenotypic correlation between date of 
onset of one breeding season and the duration of the prior 
breeding season was -0.27 <P<0.01> while there was no correlation 
between date of onset of a breeding season and the date of 
cessation of that season or of an independent season. These 
results suggest that, at least at the phenotypic level, those ewes 
which begin cycling earliest have longer than average breeding 
seasons. The lack of correlation between date of first and last 
oestrus would suggest that these traits are under independent 
control. This hypothesis is also supported by the general 
observation that some breeds with long breeding seasons have 
achieved this by either delayed entry into anoestrus (Finn and 
Romanov) or by early onset of cyclicity (Dorset Horn). Clearly 
there is need for information on the nature of the genetic 
relationships involved.

TABLE 2. Repeatability (r) and heritability (h2> estimates for 
date of onset of the breeding season and date of lambing

Trait Species r ---- h2------------- Source *

Date of onset of Sheep 0. 12 _ 1
breeding season: It 0. 33 O. 2 9 ++_ 0. 05 2

It o. 22 - 3
m 0. 35 0. 32 5
m 0. 40 6
m 0. 38 7
m 0. 37 9
n - 0.03+* 0.02 10
9 0. 52 ~ 11

Goats 0. 29 0. 24^ 8
Date of lambing Sheep - 0. 12 +. 0. 08 10

It 0. 28 4

* (1) Dyrmundson (1978); (2) Fahmy (1982); (3) Hanrahan (1982a);
(4) McGloughlin et al. (1969); (5) Purser (1972)
(6) Quirke et al. (1986); (7) Rlcordeau et al. (1976);
(8) Ricordeau et al. (1984); (9) Ruegg et al. (1967);
(10) Thrift et al. (1971); (11) Walrave et al. (1975).

+ Expressed on a single record basis (approximately) 
t Date of puberty

MULTIPLE BIRTHS

Variation in litter size in sheep is a function of ovulation 
rate and embryo survival with little evidence for any contribution 
from the male (Hanrahan, 1982) and a similar generalisation is 
probably applicable to goats. Hence consideration of genetic 
variation in the components of litter size will be of primary 
concern.

Large breed differences in litter size have been described 
for sheep (Land, Russell and Donald, 1974; Ricordeau, 1975;
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Hanrahan, 1974) and the results of crossing prolific and 
non-prolific breeds show that genetic control is largely additive 
(Land, 1978). In the case of goats a review of published 
estimates of average litter size shows a range among breeds <1.15 
to 2.45; Ricordeau, 1981) but very few of the studies included 
more than one breed. Goat breeds in general are more prolific 
than sheep (Gall, 1981) which is reflected by the fact that over 
two-thirds of the breeds listed by Ricordeau (1981) had a litter 
size > 1. 5. Additional information on prolific goat breeds has 
been given by Devendra (1985).

The heritability of litter size is similar in sheep (0.10; 
Bradford, 1985) and goats (0.08; Ricordeau, 1981).

Variation in ovulation rate

Physiological basis: The endocrine factors and ovarian mechanisms
involved in determining ovulation rate in sheep have been the 
subject of numerous recent reviews (Bindon et al. . 1985;
Scaramuzzi and Radford, 1983; Cahill, 1984; Driancourt et al.. 
1985; Haresign, 1985; Webb and Gauld, 1985; Bindon and Piper, 
1986). The current understanding of the determination of
ovulation rate indicates that it is the result of a complex set of 
interactions between the ovary and the hypothalamic-pituitary unit 
together with intra-ovarian control mechanisms. The
interconnected nature of these various components means that 
absence of breed differences in the level of circulating
gonadotrophins, for example, at any particular stage of the
ovarian cycle may not be surprising. It is clear that altering 
the level of gonadotrophin output by the pituitary can change 
ovulation rate (McNeilly, 1985) and it has been shown that breeds 
differ in the sensitivity of the hypothalamic-pituitary unit to 
the negative feedback effects of ovarian steroids with consequent 
differential effects on ovulation rate (Land, 1976; Webb and 
Gauld, 1985). The growing follicle also produces the non-steroid 
hormone, inhibin, which regulates pituitary output of
gonadotrophin and the amount of inhibin produced may be the basis 
for the effect of the Booroola gene on ovulation rate (Cummins 
et al.. 1983) although this interpretation is complicated by
evidence that Booroola ewes are more sensitive to the effects of 
inhibin. Genetic differences have also been demonstrated in 
sensitivity to exogenous gonadotrophin (Bindon and Piper, 1982) 
although the role of such variation in determining natural 
ovulation rate is unclear. Studies of events within the ovary 
have demonstrated that breeds may differ with respect to the 
number of growing follicles, the pattern of follicle growth and 
the fate of recruited follicles (Driancourt et al.. 1985).
Differences in ovulation rate may be attributable to changes in 
any one of these components. In addition there is evidence that 
proteins produced by growing follicles which act directly on the 
ovary to inhibit the growth and maturation of other follicles 
(Cahill, 1984). It is evident, therefore, that there is a variety 
of inter-connected mechanisms whereby ovulation rate may be 
organised and controlled and that no simple model will suffice as 
a description of the basis for genetic variation in ovulation 
rate.
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Breed differences: There is an extensive literature on breed
comparisons of ovulation rate in sheep shoving differences of up 
to threefold vithin studies and these differences can account for 
the associated differences in litter size. Crossbreeding studies 
have shown that breed differences in ovulation rate are associated 
with little heterosis (Hanrahan, 1982). In the case of goats 
there appears to be much less information but the same general 
pattern probably applies. Thus the Angora goat has a low litter 
size (1.22) and ovulation rate (1.23) (Shelton, 1977) while the 
Black Bengal goat, which is one of the most prolific breeds 
(Devendra, 1985), has been reported to have a mean ovulation rate 
of about 4.0 (Rao and Bhattacharyya, 1980; Rao et al,. 1982). In 
between these extremes the ovulation rate and litter size for 
Norwegian goats were found to be 1.60 and 1.34, respectively, 
(Lyngset, 1968) with similar values given by Rosales et al. 
(1984) for Criollo goats in Mexico while two Indonesian goat 
breeds have litter sizes of 1.81 and 2.08 (Obst et al.. 1980) and
ovulation rates of 2.02 and 2.15, respectively (Gede et al.. 
1984).

Within breed variation: Available estimates for the heritability
of ovulation rate in sheep are given in Table 3.

TABLE 3. Heritability estimates for ovulation rate in sheep

Breed Estimate Source

Romanov 0. 24 Ricordeau et al. (1982)
0. 27 0. 10 Ricordeau et al. (1986)

Finn 0. 50 0. 09 Hanrahan and Quirke (1985)
Galway 0. 32 ♦ 0. 16 Hanrahan and Quirke (1985)
Merino 0. 07 0. 03 Piper et al. (1984)

The high heritability in the Finn breed has been confirmed by 
divergent selection (Hanrahan, 1984). The demonstration that the 
high prolificacy of Booroola Merinos was attributable to a gene 
with a large effect on ovulation rate (Piper and Bindon, 1982;
Piper et al.. 1985) raised the possibility that similar genetic
effects exist in other populations. Ovulation rate in Cambridge 
eves is extremely variable (CV = 0.55) and differences among eves 
have a very high between-year repeatability (0.86) (Hanrahan and
Owen, 1985). These findings strongly suggest that a gene with a
large effect on ovulation rate is present in this breed at 
intermediate frequency. Bradford et al. (1986) have presented 
good evidence that a gene with a large effect on ovulation rate is 
segregating in Javanese sheep.

Clearly there is a wealth of genetic variation in ovulation 
rate within sheep breeds. In the case of goats, however, there 
does not appear to be any published estimates on either the 
repeatability or heritability of ovulation rate.

Variation in embryo survival

An examination of data on sheep and goats shows that there is
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a negative relationship between the number of eggs shed and the 
probability of embryo survival (Hanrahan, 1980, 1986; Hanrahan
and Piper, 1982). That this relationship is non-genetic is 
evident from the observation that a parallel relationship exists 
between the number of embryos transferred to recipient ewes and 
embryo survival (Hanrahan, 1982). Information on breed 
differences in embryo survival has been summarised recently and 
shows that some breeds have relatively high embryo survival 
(Hanrahan, 1986) although in general the level of survival is 
remarkably consistent across breeds and environments (Hanrahan, 
1980, 1982). The Romanov breed appears to have very high embryo
survival (Ricordeau et al.. 1976, 1982, 1986) as does the 
Cambridge (Hanrahan and Owen, 1985) and Javanese sheep (Bradford 

t 1986). The mechanisms responsible for embryo wastage have 
been reviewed (Wilmut et al.. 1985; Wilmut et al.. 1986) and
include variation in time of ovulation and asynchrony between the 
embryo and uterus. The level of progesterone at mating is 
positively associated with embryo survival (Wilmut et al.. 1985b)
and the progesterone level at this stage was repeatable (r -
0.15), during the same breeding season, as were individual ewe 
effects on the survival of embryos in successive pregnancies 
(Wilmut et al.. 1986b). Hanrahan (1982) reported an estimate of
0-07 *_ 0.04 for the repeatability of embryo survival, between
seasons, in multiple ovulating ewes but a daughter-dam regression 
estimate of heritability was negative. Ricordeau et al. (1986) 
analysed embryo survival in Romanov ewes mated at 10 months and 19 
months of age and found a repeatability of 0.04. The heritability 
of embryo survival was 0.09 +. 0.08 in the ewe lambs but a negative 
estimate was obtained in the 19-month-old ewes.

The very low repeatability and non-significant heritability 
estimates for embryo survival would suggest that this trait is 
unlikely to contribute substantially to response when selection 
for increased litter size is practised and this conclusion is 
supported by the results of such selection experiments (Hanrahan 
and Quirke, 1985).

Distribution of litter size

Bradford (1985) has considered the advantages of increased 
uniformity of litter size in prolific populations. Reduced 
variation in litter size can be obtained by increasing embryo 
survival but the limit would be the distribution of ovulation 
rate. Breed differences in this distribution have been examined 
(Hanrahan, 1986) and the available evidence shows that Romanov 
ewes have a more uniform distribution than Finn ewes. The basis 
for this difference is unknown and there is no information on 
whether selection towards increased uniformity would be effective. 
At the same mean ovulation rate (2.1) and embryo survival the 
difference in ovulation rate ditribution between the Finn and 
Romanov patterns would mean an extra 13 twin births per 100 ewes 
with consequent reductions in singles and triplets (Hanrahan, 
1986). A change of this magnitude would have a negligible impact 
on the weight of lamb weaned per 100 ewes, based on the 
calculations of Bradford (1985).
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RELATIONSHIP BETWEEN SEASONALITY AND PROLIFICACY

There is little direct information on the relationship 
between length of the breeding season and prolificacy. Published 
estimates of breed differences in both traits would not suggest 
any close association. The within breed phenotypic correlation 
between ovulation rate and duration of the breeding season was
0.11 in the study of Quirke et al. . (1986) while the corresponding
correlation with duration of anestrus was -0.05. Preliminary 
information on the genetic relationship between the duration of 
the breeding season and ovulation rate, taken from a selection 
experiment for ovulation rate in Finn sheep <Hanrahan, 1984), is 
given in Table 4 and suggests a positive genetic correlation 
between these traits.

TABLE 4. Duration of the anoestrum in mature Finn ewes from lines
selected on ovulation rate

Line No. of ewes Ovulation rate Duration of
A B C anoestrus (days)

High 9 4. 3 3. 6 4. O 124 +_ 4. 6
Low 8 2. 4 1.9 2. 4 157 + 5.2
Control 8 2. 9 2. 2 2. 6 132 ♦ 4.9

Mean of two consequtive cycles: A = Oct.'84; B = April/May '85
C = first two ovulations at the start of the 1985 breeding season

Analysis of data on Romney eves by C h ' ang and Rae <1972) 
yielded a positive genetic correlation between number of Desirous 
cycles in Romney ewe lambs and adult ewe fecundity (lambs born per 
eve present at lambing). However, subsequent analyses of this 
data by Ch'ang and Dunlop <1974) failed to find a significant 
genetic relationship between the number of oestrous cycles in ewe 
lambs and ewe prolificacy but showed a positive genetic
correlation with fertility. The absence of a genetic relationship
with prolificacy was confirmed by Baker et al. <1979). Purser
<1972) found no genetic relationship between date of onset of the 
breeding season and litter size in Welsh Mountain ewes. Clearly 
more critical information on this question is necessary.
Immediate evidence of interest would be the correlated changes in 
breeding season length in the various long term selection 
experiments for increased litter size in sheep which are in 
progress in a number of countries. In this regard Bindon and 
Piper <1982) reported that ewes from a line selected for increased 
twinning exhibited more oestrous cycles in a 12-month period than 
a contemporary line selected for a low incidence of twins. A 
significant increase in the length of the breeding season has been 
reported for Booroola ewes (Bindon and Piper, 1976 ) which is
apparently not associated with the Booroola gene (Montgomery
et al. 1985) and is presumably a consequence of selection for 
increased litter size acting at other loci.

CONCLUSIONS

Improvement in reproductive rate per ewe per year may be
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readily accomplished by utilising breed differences in ovulation 
rate or by exploiting genes with large effects on this trait. 
Reduction in the interval between conceptions should be tackled by 
direct selection for a reduction in the length of the anestrous 
period. Alternative strategies such as selection for overall 
lambing performance in 8-month lambing systems (More O'Ferrall,
1981) or for date of lambing (Fahmy, 1982) may also be used but 
may be less effective. It is clear that ovulation rate declines 
towards the end of the breeding season (Table 4) and is usually 
lower at the first ovulation of the breeding season than at 
subsequent cycles. Accordingly a selection scheme based on 
ovulation rate at the end of one breeding season and the beginning 
of the following season combined with a measure of duration of 
anestrus should be explored. Such a scheme could be operated with 
females being selected on their own performance by 18 months of 
age, with males being selected on a combination of testis size and 
dam's index for reproductive rate. This procedure would put 
selection pressure directly on breeding season length and avoids 
introducing variation associated with pregnancy and lactation, 
while also raising ovulation rate at the beginning and end of the 
breeding season. The limited evidence available suggests a 
favourable genetic correlation between ovulation rate and length 
of the breeding season in sheep.
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