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Preface

More than a decade has passed since the appearance of the book entitled
Controlled Breeding in Farm Antmals (Pergamon Press), on which this new four-
volurae series is based. The aim of this second volume of the series is to provide
a fairly detailed and up-to-date view of the litergture dealing with the many
different ways in which reproduction in sheep and goats may be controlled and
manipulated. The hope is that this hook will prove to be of value and interest
not only to students of animal science and veterinary medicine but also to those
concerned with the practical aspects of reproduction control, whether in
research, in an advisory capacity or in applying the techniques directly on the
farm. Although the book does not concern itself with reproductive disorders or
inferdlity problems, parts of the text will be of interest to veterinary
praciitioners. For advanced undergraduates in animal science and veterinary
medicine contemplaring research in reproductive physiology, the work may
provide some insight into the nature and scope of current reproductive
technology and of the problems that await solution.

It would be foolish to claim that a work such as this can be other than
incomplete, in view of the vastness of the literature, but an attempt has been
made to ensure that most statements of substance are backed by an appropriate
reference. It should be emphasized that the text covers areas such as embryo
wransfer technology in which there is considerable research activity; for many
readers, the chapters may serve as nothing more than a starting point in
secking information on their particular interests. A major objective of the work
is to draw attention 1o information that may be used directly to increase the
worldwide efficiency of sheep and goat production systems.

This volume has been distilled from research and teaching interests in the
UK, the USA and Ireland, spanning a period of more than 40 years. As a
graduate in Agricultural Science from Notungham University in the early
1950s, the author had the opportunity of working as a graduate student under
the late Sir John Hammond at the School of Agricultore and Animal Research
Stadon in Cambridge. Ar that gme, in the 1950s, difficultes facing a
researcher in reproductive physiology in Cambridge included lack of pasture

XiX



KK

Protace

and space to keep farm animals. For that reason, the suthor was 1o spend much
of the 1950s out of the laboratory working directly with farmers and their sheep
and cattle in many counties of Hogland and Wales. Later, in Ireland, ably
supported by an enthusiastic band of graduate students, the author continued
to work happily with farmers in developing controlled reproduction tech-
nigues. In more recent times, I have been confined to the laboratory, mainly
in an effort to see progress in the laboratory production of catde and sheep
embryos, Nevertheless, it is with farmers and the animals they tend that the
author feels most at home. It is hoped that this book will be of some value to
all those who have the best interests of animal agriculture at heart.
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Introduction to Controlled
Reproduction in Sheep

—

1.1. Introduction

Sheep are believed to have been one of the first mamimals to be domesticated
and are known to have been closely associated with man from a very early daze.
Shelton (1965} draws attention to the fact that sheep offer the potential of
making an important and continuing contribution to providing food and fibfe
for a growing world population. The same author notes that the efficiency of
meat production from sheep can be increased by exploiting some of the unigue
advantages offered by this species. One of the most important advantages of
sheep Hes in irs reproductive rate. In that regard, it should be noted that for
more than 60 vears, research workers around the world have examined the
possibility of employing hormones in the conirol of oestrus and ovulation in
sheep. The fact that most ewes in the agriculturally productive countries are
seasonal breeders and often produce smaller lamb crops than the farmer may
actually wish has made sheep a rather obvicus target for the reproductive
physiologist’s attention.

1.1.1. Seasonality of reproduction in sheep

it is well known that reproduction in sheep is seasonal, at least in breeds
originating from temperate climates. Over the vears, natural selection pre-
sumably has favoured sheep that give birth at the most appropriate time of year
in terms of climate and food availability. Seasonal breeding patterns may even
be found in farm species such as cattle, when they have returned to the feral
state (Ortavant er al. 1985). It appears that natural selection has provided
mammals, especially sheep, with signalling systems which couple certain forms
of environmental variation with the appropriaie neuroendocrine responses to
ensure that reproductive activity occurs at the most favourable rime of year,
depending on the length of gestation. These neuroendocrine responses
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continge to operate In the sheep despite the selection practised by man over
several thousand years of domestication.

1.1.2. Sheep at home and abroad

The breeding ewe flock in the Irish Republic currently stands at around 4.62
million head (June 1994 livestock census); the total flock number runs to some
8.5 million animals. Sheep numbers in the countries of the European Union
(EU)) show an estimated number of breeding ewes in 1995 around the 71
million mark, with the United Kingdom having the largest flock in the EUL
Although sheep numbers in the B countries showed some decline in 1994,
in other parts of the world there have been marked increases in sheep
populations, In China, for example, Cheng and Ma (1992) record a fourfold
increase in the number of sheep in that country between 1949 and 19896, the
number rizing from 26.2 nullion 1o 113.5 million; several new breeds have
been: developed in Ching by crossing with imported breeds from the former
USER, New Zealand, Australia and the UK.

It should also be mentioned that in the post-commiunist restructuring of
agriculture in Eastern BEuropean couniries, there are examples of marked
declines in sheep populations. Following the introduction of a freemarket
economy in Poland in 1989, for example, sheep numbers declined from about
five million to less than one million in 1994 (Martyniuk and Rzepecki, 19953,

1.1.3. Sheep as efficient meat producers

Authors have deawn sttention 1o the fact that low lamb output per ewe is a
major factor Hmiting the energetic efficiency of sheep mest producton
{Blaxter, 1964); it has also been observed that with an estimated “biological
ceifing’ of five lambs per ewe and a lambing interval of six months, the ewe has
further 1o go than most of the farm species in realizing its full reproductive
potential.

From the farmer’s viewpoint, it is probably fortunate that over the past
three decades the ewe has become one of the animals preferred by the biclogist
for research in understanding more of the details of the physiologicsl and
endocrinological mechanisms which mammals use to turn their reproductive
systems on and off (Karsh, 1980, 1995; Deveso er o, 1992); there are also
many areas of interest in human medicine (e.g. fetal physiology) which have
been advanced using the ewe as the experimental animal. Progress towards
commercially acceptable controlled reproduction techniques was greatly
accelerated in the 1950s with the clucidation of the role of progesterone in
facilitating the induction of coincident oestrus and ovulation (Dauzier and
Winsenberger, 1952; Dutt, 1952; Robinson, 1952) and with the availability of
the highly potent progesterone analogues that had been developed for use in
human fertility conirol.
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Early days in controfied reproduction
An event of major significance in the development of controlled reproduction
in sheep was the report of Robinson (1965) showing that progesterone and
progestagens can be administered in physiologically effective doses over a
period of some two weeks by the intravaginal route. Without recourse to
needless historical detail, most attermnpts in controlled reproduction up to that
time had centred around a series of progesterone injections or oral administra-
tions of certain progestagens, with or without pregnant mare serum gonado-
wophin (PMSG); quite apart from the facr that oestrous response and
conception rate left much to be desired, the tme and labour involved remained
a major factor militating against their acceptance in comunercial sheep
farming.

Much of the work in controlled reproduction in sheep in the UK and
Ireland in the 1930s and early 1960s was concerned with attempts 1o simplify
the progesterone/progestagen administration procedures down to the point at
which they might be used on the farm (Gordon, 19582, 1963; Crowley, 1964),

Advent of the intravaginal device
In 1964, came the development by Rebinson and associates in Svdney of a
simple method of controlling the thme of mating and ovulation in the ewe
{Robinson, 1965). The key o controlled reproduction developed at that time
was a siraple device used for the long-term administration of progesierone oy
one of its more gctive analogues. This was the polyurethane sponge, with a
drawstring attached, impregnated with a suitable progesvagen, which was
inserted into the vagina and left in plece for 12 days (Fig. 1.1} The
progestagen was absorbed through the vaginal wall and entered the circulation.
In the cyclic ewe, the device took over the role of the normal corpus luteurn
afrer it regressed, thus preventing ovulation and a1 the same time conditioning
the central nervous system to respond to the events associated with the
subsequent controlled ovulation. In the anoestrous sheep, it conditioned the
reproductive tract and receptors in the brain ro respond in a normal
physiological manner to stimulaton by & gonadotrophin such as PMSG given
on cessation of treatment. Whether in anoestrus or in the normal breeding
season, when the sponge was withdrawn, the progestagen inhibition of
pituitary function was removed, and ovulation occurred some 72 h later.

1.1.4. Sheep in intensive and extensive farming

Sheep are among these farm species whose producton methods can still be
profitably and substantially intensified, right from the point of breeding the
ewe through uniil the ume of dispatching the lamb av the abattoir; itis also a
species that is capable of coping with difficult terrains and harsh environments.
Although in theory it is possible to talk about sheep producing two litters of five
lambs in the space of one vear, the more realistic target to keep in mind for
intensive lamb production systems is increasing the outpur of the ewe o four



Fig. 1.5 The advent of the progestagen-impregnated intravaginal sponge. Of all the
achvances in controfied reproduction in sheeyp, that achievad by Professor Terry Robinson and
his associates at Sydney was by far the most important, frish sheep producers have used the
‘sponge’ method in sheep for more than 20 vears and have found it to be a very acceptable
miethod of producing “early-lambs’. Of the countries wing sponges, France is the one that
mriakes the greatest use of this procedure,

lambs by improvements in litter size and lambing frequency; as noted by
Robinson {1979, such a lamb output could result in 2 considerable improve-
ment in the efficiency of feed utilization.

Sheep and the environment

Quite apart from using sheep in the production of meat, milk and fibre, the
species has arributes which appeal to those concerned with the preservation
of the environment. Glimp {1993) points out that sheep can produce meat and
fibre from renewable natural resources and contribute to agricultural and
ecosystem sustainability. Sheep are currently being used on rangelands in the
USA to control various noxious plants and sheep grazing may be the preferved
grazing systern by wildhife biologists. In Ireland, on the other hand, there is
some concern about the possible deterioration of the environment as a resait
of overstocking with sheep in some hill areas.
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1.1.5. Dairy sheep

Dhuring the Middie Ages in the UK, many sheep were kept for their milk;
reports from the fourteenth century talked of 6000 milking ewes on some of
the large church estates. Wenslevdale cheese, for example, was originally made
from sheep’s milk, With the rise of the dairy cow in popularity, however, dairy
sheep all but disappeared. Currently, dairy shicep n the UK are becoming
increasingly popular, not only with hobby farmers but alse in larger dairy
operations. It should be noted that certain husbandry practices emplovyed in
sheep farming are different from those involved in farming meat-producing
sheep, particularly the early weaning of lambs in order to increase the amount
of marketable milk and to facilitate machine milking.

As to the main products of sheep dairying, these include fresh milk,
cheese and voghurt, The milk is said 10 be casily digested and has proven
10 be g valuable alternative 1o cow™s milk for those subject to some allergies.
The high total solid levels in ewe’s milk makes it partcularly suitable for
cheese making; 4 lwres of sheep’s milk is reguived for the production of
kg of cheese, versus 10 Hires of cow’s milk. The main breeds currently
wsed in commnercial sheep dairying in the UK are the British Friesland and
the British Milksheep.

Milking sheep inFrance
In France, according 1o Barillet and Bocoguier {1993) sheep dairying remains
fairly eraditional, with smal! farms producing milk primarily for cheese making,
Most ewe milk production is concentrated in the three mouneainous regions of
the Massif Cengral (Roquefort cheese), the Pyrenees Adantiques and Corsica.
In the 1970s, 2 prograrmme was introduced to increase ewe milk production by
improving husbandry, mavagement and milking techniques; over a Z0-year
period, the average size of focks wipled and the production of ewe milk
doubled. The most significant factors contributing to these increases were the
widespread mechanization of milking and improved genetic selection tech-
nigues. By 1980, 75% of farms producing ewe milk in France were part of a
milk recording systemy; artificial insemination has been 2 potent tool in such
sheep improvement schemes in France, used in conjunction with oestrus
control procedures (Cognie ez gl , 1984),

Dairy sheep in Middie-East countries
Milk is also an imporiant product of sheep systems in the Middle-Hast
countries. A paper by Kassem ¢ ol (1989 concluded that under semi-arid
conditions, Awassi sheep can achieve acceprable levels of reproductive per-
formance with good management. The Awassi breed dominates the sheep
found in countries such as Jordan, Lebanon and Syriz and about 50% of the
7.8 million sheep found in Irag are Awassis, Nearer home, there are about one
milHon Awassi sheep in Turkey, mainly slong the border with Syria. Controlled
reproduction technigues have been reported in Awassi ewes by Treacher er ol
{1994} in Syria. It is believed that there is considerable scope for breeding
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improvement within the Awassi breed, using the type of nucleus breeding
schemes discussed by Timon (1993).

1.1.6. Accurately identifving sheep

For breading and animal health programmes, accurate identification of sheep
is required. Various reports have come from work in the electronic identifica~
tion of animals. As part of an ELT supported project on electronic identification
of farm andmals, Cala er of. (1994) evaluated capsule formation and migration
movements of transponders implanted in different body sites. The differences
which they observed in mugration movements, breakage and losses between
body sires, indicated the convenience of subcutaneous implantation in the
axilla and the base of the ear.

1.2. Areas of Controlled Reproduction in Sheep

Controlled reproduction in sheep, as the term might be applied to conditions
in freland, could be expected to cover the full spectrum of lowland lamb
praduction systems {(Fig. 1.2). Ir may mean breeding sheep towards the end of
the normal anoestrous period {egrlv-lamb production); it may mean breeding
ewes (0 permit an extremely compact spring lambing period in small flocks or
even getting most of the lambs in a flock born on almost the one day; it may
mean breeding ewes 1o top-quality rams by artificial insemination or it may
even mean a rapid build-up of stocks of certain breeds of sheep by embryo
transier.

The most imporiant consideration in guality lamb production is the breed
genotype used. Clearly, there is the influence of the ewe breed on carcass
gaslity, but the selection of the terminal ram breed can be one ares in which
controlled breeding mayv be able to make g weful contribution {e.g. by the use
of appropriate sheep arvificial insemination {Al) programmes). In Northern
Ireland, Johnston and Steen (1995) recorded thar Duich Texel sired lambs
produced a significantly leaner carcass than Suffolk sired lambs; carcasses of
Texel sived lambs contsined 40g kg' more lean and 30g kg! less inter-
muscular far. In the Irisk Republic, a sheep Al service based on Dutch Texel
semen was operated for some vears, using controlied reproduction techniques
{Fig. 1.3},

1.2.1. Flock size considerations

The scope for certain controlled reproduction applications is likely to vary with
flock size and environment. A New Zealand farmer with an average flock size
of 2600 breeding ewes, or even a Brivish farm with an average of 200, would
view compact lambings in quite a different light from an Irish farmer with an
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average of less than 100 breeding ewes. In some countries, out-of-season
breeding may hold no grear interest, either because of the adverse effects of
high summer temperatures on ram ferglity and lamb viability or because
autumn and winrer climatic conditions are gquite inappropriate for low-cost
lamb rearing.

For the Irish sheep producer, and for farmers elsewhere, the technology for
the control of reproduction, including control of oestrus, fixed-time Al, early
pregnancy diagnosis and synchronization of lambings is now available in basic
form; this offers possibilities in allowing lamb production to be planned from
A to Z in a way which is just not feasible under narure. In many parts of the
world, including Ireland, the approach to sheep farming is still very traditional;
lowland sheep often suffer from the handicap that they are usually regarded as
a sideline to the dairy or other enterprises and do not always command the
physical and mental effort which is called for if they are to improve their
comparative efficiency.

1.2.2. Advantages of controlled reproduction

Controlled reproduction can be important in saving tme and labour, espe-
cially on the small farm at critical pertods such as lambing, and in permitting
the use of breeding methods (e.g. Al using rams of a particular breed and
quality) which would otherwise be debarred on the grounds of the high costs
involved. Using dhe new rechriology as an essential ingredient, sheep systems
have now been developed which are capable of permitting the annual output
per ewe 1o be doubled, even uebled, under appropriate farming conditions.
Scaramuzzi and Martin (1984) noted at that time there had been a slow but
continuing increase in the range of preparations available for the artificial
control of reproduction in the ewe and a similar increase in the specificity and
efficiency with which they act. In particular, it is noted that many advances in
reproduction conirol stem from ideas and concepts developed during the
course of basic research. In this regard, they draw attention to one of the most
striking examples of controlled reproduction in sheep to emerge recently and
record how the development of immunization against steroids went from an
investigative laboratory technigue to a commercially available product.

1.2.3. Factors influencing response to contrelled reproduction

It should also be emphasized, however, that successful controlled reproduction
in sheep is not only a matter of appropriate hormonal techniques but is alse one
of ensuring that they are employed in situations where they can give acceptable
results, Difficules in the past in some areas of controlled reproduction bave
undoubtedly arisen, not only from inadequacies in the hormone treatments
themselves, but in trving to pursue unnecessarily ambitious objectives, such as
two lamb crops within the calendar vear. It is necessary to bear in mind that
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many external and internal factors (season, age, lactational status) are likely to
influence the type of response achieved by a controlled reproduction pro-
gramme. In the light of the new information emerging in the literature each
year, the prospects for improving the reproductive performance of commercial
sheep flocks by hormonal means becomes all the greater; certainly, compared
with the 1960s, a more scientific and radonal approach to manipulating
reproduction in the ewe is now possible, based on a more complete under-
standing of the hormonal mechanisms involved.

Developments in reproduction control in sheep have been reviewed
(Haresign, 1990, 1992), and attention drawn to various defects in existing
techniques, in overcoming problems such as the induction of pregnancy in the
anoestrous ewe. Although there is an obvious need for good mating manage-
ment if acceptable results are to be achieved after the use of intravaginal
progestagen devices and PMSG, the overall value of the methods developed by
Australian researchers in the early 1960s should not be underestimated.
Indeed, as noted by Robinson (1988), and his sentiments would certainly be
echoed by farmers in France and the Irish Republic, the current ‘sponging’
rechnology for controlled breeding in sheep has stood the test of time, despite
its acknowledged limitations; it is likely to continue in use for many vears o
come,

Advent of melatonin treatments
Haresign (1992) has discussed the role of melatonin in the regulation of
seasonal breeding in sheep and to the development of slow-release formula-~
tions for use on the farm in inducing out-of-season breeding; such preparations
can advance the breeding season by some 46 weeks, with lambing percentages
in early (January) lambing flocks comparable to those in iraditional {(March)
lambing flocks. Other topics covered by this author included the development
of laparoscopic procedures for intrauterine insemination and for the collection
and transfer of sheep embryos to assist in breeding programmes.

1.2.4. Embryo transfer and breeding improvement programmes

According to Brash (1994), dealing with advanced breeding technigues for
sheep improvement under Australian conditions, multiple ovulaton and
embryo transfer (MOET) is a complex and expensive procedure which must
be used wisely. MOET has the ability to increase the rate of genetic gain in
parent stud flocks which will then flow down to industry. Embryo splitting and
marker-assisted selection are newer techniques which may become common in
parent studs during the next decade if costs are reasonable. Embryo cloning for
mass production is likely to be available within 10 vears, while the use of
transgenic animals is at least 10 years away from practcal application.
However, each of these possibilities could have dramatic effects on sheep
breeding if they become practicable.

Quite apart from the use of embryo transfer in MOET programimes and
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other breeding improvement programmes, there are likely 1o be many
instances in which this technology may be used with more lmited objectives
in mind., There may be a case for some pedigree sheep breeders to employ
embryo transfer (ET) technology as a means of increasing income from their
flock. One suggestion is that the breeder recovers and freezes embryos from
ewes in the summer period and markets them to commercial farmers in the
auvtumn. By this means, the commercial farmer would produce high value
pedigree stock from his ewes rather than commercially priced crossbred
lambs.

1.3. Factors Affecting Ewe Fertility

As a background o a discussion of the techniques used in conwrolled
reproduction in sheep, some menton is desirable on conception rates and
breeding activity as they may normally be expected to occur in sheep.

1.3.1. Conceptions fo first and fater services

When the farmer introduces the rarn among lowland sheep, of the breeds
native to Ireland and the UK, ir can be expected that some 80% of cwes
conceive to first service (Averill, 1955; Gordon, 1955, 1975); this is talking of
adult sheep exposed to a ram of good fertdlity in the auturnn breeding season
{see Tuble 1.1). The conception rare of 80% and better in the ewe is in marked
contrast to the 55% or less in the dairy cow and presumably is the result,
among other things, of the fact that sheep tend to shed two oocytes at ovulation
rather than one.

Breed differences in conception rates

With exoric breeds, such as the Finn Landrace or the Russian Romanov, which
are exceptionally prolific, conception rates of the order of 90% and better may
be achieved; this would largely be the result of the greater number of ovulations
occurring. Thus, a farmer may be able to apply controlled reproduction to

Table 1.1 Lambing outcoms in 51 sheep flocks bred in the autumn breeding season {from
Gordon, 1975).

Ewes Conception  Lambs per
bred Gavebirth  Lambsbom rate (%) conception
First services 1991 1808 2268 808 1.41
First and second services 18458 25684 927 1.38

*Ewss that gave birth as a parceniags of those bred.
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breed 2 small flock of Finn or Finn-cross sheep simulaneously, and by
application of induction treatment for conwrolled parturition at the other end
of pregnancy get almost all the lambs born on a predetermined date; this would
work less well with breeds or conditions in which 80% or less concelve at first
service.

Barrenness in sheep
Between first and later services, it can be expected that most sheep become
pregnant. Constitutional barrenness in sheep is rare, 2 fact recorded at the turn
of the century by Heape (1899). In a comprehensive analysis of lowland sheep
records at the time, Heape found only 8.6% to be barren; much the same was
reported by Marshall (1905). At a later stage, a study of several breeds in the
UK and Ireland recorded that 6-7% of adult breeding ewes exposed 1o the ram
failed to give birth (Gordon, 1938b, 1967); elsewhere, Lees (1978}, dealing
with data for the UK, quotes a harren rate of 7.6% in lowland sheep.

Evaluating controlled reproduction techniques
To be commercially acceptable, as opposed to being technically possible,
controlied reproduction methods need to be simple to apply, cheap {relative o
the product involved) and highly effective. In assessing the effectiveness of
controlled reproduction measures, conception rate o first service should be of
the same order (i.e. 80% or better) as that expressed by the average cyclic ewe
in irs narural breeding seasen. The number of lambs produced per conception
{litter size) is also of grear practical interest; unless gonadotrophin treatment
is part of the protocol, litter size can be expected to vary in the same way as
it does in the untreated ewe in the auvtumn breeding season. Breed, age and
body condition of the animal, as well as several well-recognized environmental
influences (daylength, temperature, feed supplies), may all contribute towards
the incidence of multiple births in the sheep under treatment.

1.3.2. New sheep breeds for reproductive performance

Much work in attempts to improve Heter size and productivity in lowland sheep
by crossbreeding and selection programmes has been carried out over the past
25 years. In the UK, the prolific Cambridge breed was developed and met with
much farmer approval under suitable lowland management conditions. In
Ireland, a new breed, the Belclare, was established. In that country, results of
research on fertility and lamb production of crossbred ewes using Belclare and
other breeds have been presented by Hanrahan (1994). Further afield, in The
Netherlands, Suss and Strittmatter (1991) give an account of the prolific
Swifter breed, developed from crossing Texel and Flemish sheep and the North
Holland breed, based on the Texel and the Finn Landrace. The Coopworth
and Perendale in New Zealand and the Polypay in the USA are other examples
of new breeds that found widespread acceptance. In Germany, where the
supply of home-produced lamb meat at the time only met 42% of the demand,
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Wassmuth {1990) discussed methods of improving the comperitiveness of
sheep using appropriate crossbreeding and selection programmes,

The Booroota Merino

Sometimes, in the search for increased reproductive performance, it has been
a matter of selecting strains within a particular sheep breed. In Australia, the
Booroola provided breeders with an opportunity to make marked increases in
reproductive efficiency. Problems in the conirolied use of this Merino strain in
the sheep industry have been discussed by Fogarty (1984); he noted that
economically feasible management systems were required to improve the
survival of the higher order multiple births under extensive conditions in that
country.

1.3.3. Seasonal breeding activity

In the ewe, all narive breeds of sheep in Ireland show a well-defined breeding
and non-breeding season; for most lowland breeds, the breeding season would
span the 6-month period running from September o February (Fig. 1.4). A
sirnilar story holds true for British breeds, as reported by Hafez (1952) from
his work in Cambridge, Although some reports in the literature at one time
suggested that rams as well as ewes are seasonsl breeders, this would not seem
1o 2pply 1o any of the sheep breeds in Ireland {(Smyth and Gordon, 1967); this
is not to say that seasonal fuctuations iy semen guality and libido do not occur,
bus simply that if they do, they do not materially reduce the efficiency of the
mating process.

Daviight, environment and the breeding season

It is widely acceptred that the breeding season of sheep is regulated by changes
in daylength, the photoperiodic effect acting via the hypothalamic-pituitary
axis and mediated by way of the pineal gland (Karsh er al, 1984}; much of this
acceptance sternmed from the work of Yeares (1949), working with Suffolk-
crossbreds in the UK, who reversed the seasonal breeding acuvity of the
animals by artficially controlling the light environment. Later studies with
ewes of the Merino breed in Australia showed that the breeding season of these
sheep was regulated by seasonal changes in daylength, although breeding
activity was less decisively separated from the anoestrous season compared
with sheep of British origin (Yeates, 1956). It also became evident around this
rime that environmental temperature may genuinely influence the onset of the
breeding season (Dutt and Bush, 1955; Lees, 1966; MNeville and Neathery,
1970).

Temperature effects

The precise role of temperature s it may operate under patural, 2s opposed o
contrived, experimental conditions is not clear, It is known, however, that on
a long-term basis seasonal Ructuations in temperature do not override seasonal
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Fig. 1.4. Irish sheep are seasonal breeders. In the early 1970s work on the University
farra in Dublin with groups of aduit Gatway, Cheviot and other breeds showed that it
was the end of August before Gabways were coming o nestrus and into September
before Cheviots (seen here) responded. Without controfled reproduction technigues,
there wouid be no easy wiy of getting Cheviots pregrant during the summer months of
ke, iy and August,

changes in photoperiodicity; ewes kept in s light environument six months out
of phase with normal seasonal lighting showed their breeding season during the
warm weather of late spring and early summer and a period of anoestrus during
the colder autumn and winter months (Robertson, 19777,

As observed by Radford (1966), some years 3go, no explsnation of the
sheep breeding season pased solely on light can cover all the available facts.
Even on the question of light itself, there may be questions of mooniight as
opposed to sunlight; in the former Crechoslovakia, there was a suggestion,
based on a 10-year study involving about 10,000 ewes, that the start of cyclical
breeding was associated with the occurrence of the full moon (Horak and
Porucek, 1978). In talking about tropical sheep, it is well-known that in
equatorial regions of the world, where seasonal variations in daylength do not
occur as they do in the more temperate regions, sheep breeds may have no
distinct breeding seasorn.

Breeding season and lengthening daylight
It certainiy need not be a question of the sheep breeding season being
determined by a change-over from lengthening davlight 1 decreasing day-
length; Watson and Radford (1955) drew attention to instances in which
Merino ewes started breeding while natura! dayiength was still increasing and
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similar evidence has been recorded with other breeds elsewhere (Thimonier
and Mauleon, 1969). Other studies with Merinos in Australia, in which ewes
were exposed for prolonged periods either to continuous or equinoctial
lighting, clearly showed that seasonal variations in breeding activity developed
in the absence of changes in the duration of light (Radford, 1961); the brecding
of Merinos can also vary markedly according to the particular locality in which
they are found (Warson, 1962).

In New South Wales, some Merino flocks can show maximum breeding
activity in spring and may enter anoestrus in autumn, a complete reversal of
the breeding pattern to be expected on the basis of daylength changes
{Robinson er al., 1970). In discussing the Merino, it should be remembered
that the breed makes up about 75% of Australia’s immense sheep population;
a paper by Jeffries {1989) describes breeds of sheep, other than the Merino,
which have been developed in that country in more recent times.

Breeding patterns in tropical hair sheep

Seasonal reproduction in sheep, as undersicod in the temperate regions of the
world, may not be under the same influences in other countries and with other
genetic strains of sheep. The rendency for sheep to exhibit marked variation in
reproductive activity during the year is markedly reduced towards the equator,
where ewes can show breeding activity throughout the vear (Hombolu et al.,
1985). Tropical hair sheep exist in several countries in Latin America, having
originated from West African sheep brought in by the Portuguese and the
Spaniards in the sixteenth and seventeenth centuries. The Pelibuey hair sheep
is the most widespread breed of sheep in Cuba, where it is very tolerant of the
snvironmental conditions in that country.

Seasonal breeding in such tropical hair sheep is considered to be different
from that in wool breeds (Reyna er al., 1991); environmental cues other than
light appear 1o be important influencing seasonal patterns in hair sheep.
Instead, factors such as nuwition (forage availability and digestibility) and
possibly relative humidity and/or precipitation and temperature may explain
periods of reduced cyclicity at certain times of the year. It has been suggested
that hair sheep may provide a unigue model to study reproductive processes
independent of environmental influences such as photoperiod, which affecis
seasonal breeding in wool sheep.

Fertility and fat-taited sheep

There may be certain fertility problems that stem from the particular breed of
sheep used in some farming svstems. In the USA, for example, Shelton (1990)
studied the reproductive performance of rail-docked and undocked Karakul
ewes over a six-year period; the percentage of ewes that lambed was
significantly higher for docked sheep (92.9%) than for those with tails
(78.9%).
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1.3.4. Effect of nutrition and body condition

It has been recognized for many years by commercial sheep farmers that the
‘Aushing’ of ewes prior to the start of the breeding season may have a profound
influence on the lamb crop produced by those ewes in the following spring.
Flushing refers to the practice of having ewes on a rising plane of nutrition
for some defined period 1o improve ovularion rates prior to the introduction
of the ram. As noted by Scaramuzzi and Murray {1994), the practice of
flushing is an excellent example of the interactions that exist between nutrition
and reproduction. However, it is also clear that the precise mechanisms by
which nutrition does influence reproduction are not well understood. It is
clear from various reports that body fat content (body condition) directly
affects hypothalamic activity and GnRH secretion and that effects on
reproductive performance are mediated by way of changes in ovarian
hormones or in hypothalamic-pituitary sensitivity to ovarian hormones
{Rhind ez al., 198%9).

Post-mating feeding effects
In Aberdeen, McKelvey ez al (1988) used reciprocal embryo transfer to
separate the effects of pre- and post-mating nutrition on embryo survival and
growth of the sheep fetus. They concluded that high-plane feeding during the
post-mating period can adversely affect embryo survival, and that this was
mediated through a decline in plasma progesterone concenirations; low-plane
feeding at this time, in contrast, had httde effect on embryo survival. In the
USA, Pope er al. (1994), who studied the influence of short-term fasting on
blastocyst morphology and survival, showed that fasting mated ewes for three
days (day 10-day 13 after mating) tended to increase the percentage of sheep
that lambed (92% vs. 80% in controls) and increased the concentrations of
progesterone by day 13; on the other hand, blastocyst development was not
altered by such short-term fasting.

However, not all studies have shown that a high plane of nutrition after
ovulation influences embryo survival, although there may be a significant
reduction in peripheral progesterone concentrations (Wallace er al, 1994).
When undernutrition is severe, there can be 4 significant decrease in pregnancy
rate in ewes, although this does not appear to be attributable o inadequacy of
corpus juteum function (Abecia eral., 1994).

Applying new information on nutrition
Opportunities for applying new knowledge of the effect of nutrition on
reproduction in the pregnant ewe have been discussed by Robinson (1990).
The effect of nutrition on reproductive performance of ewes has also been
reviewed by Rhind (1992). Research continues to provide new information. In
arid environments, for example, where roughage feeds are often in short
supply, it is not unusual to feed all-concentrate diets to sheep at mating time.
Work at Aberdeen indicates that when concentrates are used to supplement a
roughage diet, the proportion of energy contributed by concentrates should lie
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in the range 0.4-0.6 {Al-Khozam et @f, 1995). The effect of nuwiton in
prenatal and early postnatal life on subsequent lifetime reproductive perform-
ance of Scottish Blackface sheep has been examined by Gunn e al. (1995).
Further studies along these lines by Borwick ez al. (1995) demonstrated that
undernutrition of the fetus in the first two months of pregnancy may influence
oocyte number and could be a factor in explaining the known reduction in
reproductive performance of ewes undernourished in early life.

Nutrition and the breeding season

One question sometimes asked is whether the breeding season of sheep can be
materially affected by the level of nutrition that they enjoy. In temperate breeds
and under normal conditions of feed and management, it appears that
nutrition has little effect in this regard. Irish sheep farmers who wish their ewes
to breed in suminer (July) rather than aurumn (September) cannot induce the
animals to show oestrus by providing additional feed inputs. Those who have
worked with tropical sheep appear to have reached similar conclusions. In
Ethiopia, for example, Mukasa-Mugerwa & < (1993) concluded that,
although Menz ewes are vear-round breeders, they experience an apparent
reduction in sexual activity at certain periods, which appears to be independ-
ent of their level of nutrition.

The nuiritional status of the sheep is reflected in various ways and
generally it would be expected thatr a positive correlaton exists between
bodyweight and ovulation rate in the ewe, as shown by various authors (e.g.
Morley er al., 1978). As in cattle, various scoring systems have been devised for
assessing the body condition of sheep, and these can be applied on the farm as
a means of maintaining ewes in the most appropriate nutritional state during
the breeding season and during gestation.

Protein levels and embrryo survival

In catide, there is some evidence that feeding a rumen-undegradable protein
supplement may enhance embryo survival rate. On the other hand, work in the
west of Ireland reported by Diskin and Hanrahan (1995) showed no such effect
in sheep; in fact, there was evidence that energy or protein supplementation
reduced rather than enhanced conception rate.

Clover sickness in sheep
Certain feeds are known to contain active constituents that may directly affect
the fertility of sheep that eat them. Infertility of ewes that grazed predom-
inantly subterranean clover pastures suddenly emerged as a serious problem in
the mid-1940s in Australia (Bennetts ez al., 1946); it was found thar the
consumption of subterranean clovers that contain high levels of weak non-
steroidal oesmrogens was associated with various forms of reproductive failure
in sheep. Subsequent work showed that other legumes, such as lucerne, which
is known 1o contain the phyto-oestrogen coumesterol, can depress ovalation
rate in the ewe (Adams, 1990).

In sheep, two forms of infertility are evident. Firstly, sheep grazing
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oestrogenic pasture may suffer ‘temporary infertlity’, with a reduced twinning
rate or anovulation; fertilization and embryo survival rates are slightly
depressed. Secondly, permanent and cumulative infertility can occur in ewes
exposed te oestrogen for more than six months; ewes become less able to
conceive because of impaired transport of sperm through the cervix.

Attempts to control clover infertility
The primary method available to control clover infertility has been the
replacement of pasture by less oestrogenic cultivars. On average, affected
flocks have around a 10% increase in non-pregnant ewes, but most farmers can
achieve an acceptable lambing rate by increasing their management and feed
inputs to produce more twin lambs (Adams, 1990}, However, even today, it
should be noted that oestrogenic clovers make up a substantial proportion of
pasture legumes in Western Australia and are likely to continue to be important
for the foreseeable future. Subclinical permanent inferdlity is now recognized
as the most important oestrogenic problem in sheep in Australia, with more
than one million ewes having permanently damaged reproductive tracts
because of grazing oestrogenic pastures {Adams, 1994). The Australian
experience should be kept in mind by sheep farmers in all countries where
clovers form a predominant component of the pasture. A report from New
Zealand by McDonald ¢r al. (1994), for example, has shown some evidence of
irnpaired ferrility even when ewes graze low-oestrogenic straias of red clovers.
There are also instances, on this occasion recorded in New Zealand, in
which the ingestion of fusarium, a common fungal contaminant of some
pastures, can result in reduced fertility (Smith ez al., 1986).

Parasite control and depilatory treatments
Sheep may be treated with a variety of drugs in routine disease and parasite
control programmes; they may also be treated in some instances with agents
for the removal of wool. Keisler ¢z o/ (1993) in the USA conchuded from a
study that their resuits did not support the hypothesis that ivermectin has a
detrimental effect on the reproductive performance of ewes during the
breeding season. In Australia, Brown er 4l (1994) examined the effects of
depilatory doses of epidermal growth factor (EGF) on the fertility of Merino
ewes; they concluded that an interval of five weeks between EGF treatment
and breeding was sufficient time for the sheep to resume normal cyclicity and
fertility.

1.3.5. Enwironmental factors - internal and external

Internal factors
The presence of an adjacent male in the uterus during pregnancy has been
known to influence the subsequent reproductive performance of females in
some species (e.g. rodents and pigs). A study reported by Avdi and Driancourt
{1995) investigated whether such an effect occurred in sheep, using Chios ewes
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as 2 model; in contrast o rodents and pigs, the presence of a male embryo(s)
in sheep had no effect on subsequent reproductive performance of the female
siblings. However, studies by Fitzgerald ez ol (1993) in Idaho did lead them
to conclude that the sex of the other fetus in a twin pregnancy and the number
of offspring born were associated with differences in serving capacity of mature
r4ms.

External factors

1t is clear, from many reporss, that high temperatures can adversely affect ewe
fertility. According to Casu er al. (1991), heat stress has adverse effects on
ovulation in the ewe, the greatest effect being observed in the first three days
after ovuladon. The same Italian authors found thar exposure to heat in the
second half of pregnancy resulted in damage to the embryo, and decreased
birth weight and viability. These effects, which are most clearly observed in the
tropical regions, also occur in the Mediterranean area. In Indis, Hooda and
Nagvi (1990} concluded from their studies that nutritionally stressed sheep
experience mote heat stress than those on nutritionally adequate diets and that
some breeds are more affecred by heat than others.

1.3.6. Stress and ewe reproduction

A growing amount of evidence in the 1970s pointed to the adverse effects of
stress on sheep reproduction; this may sometimes be a consideration in talking
about the application of controlled reproduction methods. In the UK, Doney
et al. (19764, b) demonsrated that the soess of handling ewes in normal
husbandry operations may influence ovulation rares adversely and increase the
extert of embrye mortality; similar effects could be induced experimentally,
using exogenous adrenocorticotrophic hormone (ACTH) doses, In New
Zealand, the effect of shearing as a factor inducing stress was the subject of
severa} reports. Shearing, widely practised throughout New Zealand at that
fime during or shortly after the mating season, could be regarded as one of the
most stressful events that can happen to sheep (Kilgour and de Langen, 1970);
it involved forcing ewes into strange situations, handling and isolation from
other sheep, as well as the stresses associated with shearing itself and
conseguent readiustments in their body metabolism. Welch e ol (1979)
provided evidence that shearing carried out a week or so after mating exerted
a dramatic effect on the lambing pattern subsequently shown by the flock;
shearing markedly reduced the proportion of ewes lambing at the expected
time, although the sheep did become pregnant at a later stage.

There is ample evidence for the view that any form of stress should be
avoided as far as possible during the mating period (Gunn and Doney, 1979);
in early pregnancy in the ewe, the indications are that a sustained moderate
degree of undernutrition, resulting in a 3-4% loss in liveweight during the first
month of gestation is unlikely 1o have any significantly harmiud effect in ewes
that are in appropriate body condition at mating (Russel, 1979).
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1.3.7. Hormonal approaches to enhanced fertility

Exagenous progesterone
The effect of post-mating hormonal supplementation on fertlity was examined
by Scaramuzzi er al. (1988) in Australia; they confirmed a number of carlier
reports by showing that ewe fertility could be improved by supplementary
progesterone treatment between days 10 and 25 post-mating. In the USA,
Pope er al. (1995) examined dose-response relationships of exogenous proges-
terone given shortly after ovulation {days 2-4) on blastocyst development and
fertility in two sheep breeds. Lambing rates of Targee ewes was not different
following progesterone treatment, but in Polypay ewes treatment significantly
increased lambing rate from 200 to 256%; the authors concluded that
treatment of ewes having an ovulation rate > 2 with progesterone improved
embrvo survival.

{Use of human chorionic gonadotrophin (hCG)
There have been reports of work in which hCG has been employed in early
pregnancy in an effort 1o influence blastocyst growth and pregnancy rate. In
Ohio, Nephew ¢t al. (1994) reported on the effect of hCG administered prior
to the tme of maternal recognition of pregnancy; their results indicated that
hCG treatment on day 11.5 of the oestrous cycle stimulated vierine secretion
and blastocyst growth sufficiently to increase pregnancy rate.

Use of GnRH analogues
A number of studies in recent years have reported that GnRH treatment on day
12 post-insemination will improve the ferdlity of catile and sheep. In Wales,
Beck ez ¢l (1994) reported on the effect of GnRY (buserelin) treatment on day
12 post-mating on the reproductive performance of sheep in different flocks;
treatment led to a significant increase in Hoter size in one flock of yearling ewes.
In other studies, Beck ez &f, {1995) investigated the effect of GnRH (Busercling
injection on day 12 post-mating on ovarian function in ewes; they concluded
that treatment induced ovulation in a majority of ewes and probably influenced
ovarian hormone secretion.

Use of ovine interferon
In ewes, early embryo loss has been attributed largely to a fatlure of maternal
recognition of pregnancy. There have been reports that the treatment of ewes
with recombinant bovine interferon alpha could improve pregnancy rates
(Nephew er al., 1990; Martnod ez al, 1991; Schalue-Francis ez al, 1991).
However, results reported by Imig ez ol (1993) did not support the hypothesis
that recombinant ovine interferon, administered from day 9 to day 19 post-
breeding, enhanced the establishment of pregnancy in ewes; an alternative
explanation for lack of success might relate to the dose, mode of administration
or hyperthermic response associated with treatment. The larter explanation
appears to be strengthened by the report of L'Haridon ez ol (1995} who
developed formulations permitting sustained release of ovine interferon,
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resulting in a more persistent ansluteolytic action; it remauins for these
formulations to be used in atternpts to improve sheep fertility.

1.3.8. Suppressing reproductive function in ewes

Reports have been provided by some workers on the effect of immunizing ewe-
lambs against GnRH soon after birth or around the tme of puberty. In
Australia, Brown ¢z ol {1993} emploved a prototype commercial preparation
in Merino ewe-lambs and studied them over a 2-vear period. They report that
at least 60% of the GuRH-immunized ewes did not show oestrus and
possessed small urert and ovaries which lacked follicle development; growth
rates of inmunized and control ewes were similar. These workers suggest that
the lack of GnRH stimulation and the consequent deprivation of gonado-
trophins early in the life of cwes may result in permanent impairment of
hypothalamic and/or pitvitary function.

1.4. Ram Fertility and Breeding Activity

The success or otherwise of many controlled reproduction technigues is not
alone a question of influencing the reproductive processes of the ewe; the
outcome also depends on the capability of the ram (mating scrivity and semen
guality) when natural service is the mode of breeding, and on semen guality
and insemination procedures when Al is the chosen method (Fig. 1.5).

As described by Setchell (1984), the testes of rams arc relatively large
{each testis is about 0.5% of body weight) in comparison with many other
mammals; the male gonads are concerned with sperm production and
secretion of the male sex hormones. The sex hormones of the ram are
responsible for sexual drive (libido) and the function of the male accessory
glands, such as the prostate, serinal vesicles and Cowper’s glands. The testis
consists mainly of convoluted seminiferous tubules {each testis contains about
7000m of tubules) in which the sperm are formed; these tubules contain no
blood vessels or nerves but between them is the interstitial tissue, with the
blood and lymphatic vessels, the Leydig cells, which secrete the male sex
hormones, and some other cells, including a substantial number of macro-
phages. Spermatogenesis 18 an exceedingly complex process involving the
interactions berween the somatic Sertoli cells on the one hand and the
germinal cells at various stages of development on the other,

Fstimates of daily sperm production

In the feral ram-lamb, the proliferation of testicular somatic and germinal cells
occurs throughout the growth of the testes but at a higher rate before day 100
of gestadon than later {(Hocheresu-De Reviers e of., 1995). The rate of sperm
production can be determined in various ways and there is general agreement
that this is about 20 million sperm g* day ! for the ram. It is well accepied that
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Fig. 1.5. Ramsin reland are capable of breeding in all seasons, Inthe 19505, it was
commonly believed by sheep farmers in the UK that rams were often incapable of
breeding during the spring and surmmer months of the year and that they experienced
something akin to the ewe's non-breeding season. it is now ciear that this is not the case.

an excellent index of sperm production in the ram is testicular size. Sperm
formed in the testes are matoured in the epididymes and held there awaiting
ejaculation. Hach epididymis is 2 convoluted duct, some 50m long; sperm take
from 10 to 14 days to pass through this duct,

Seasonal changes in gonadotrophin secretion
Ram and ewe sexual activity depends on pituitary gonadotrophic function.
Dealing with He-de-France rams in their native couniry, Ortavant ez al. (1988)
notes evidence of differences in luieinizing hormone (LH) concentrations
according to time of year; LH pulse frequency was found 1o be low (3 pulses
every 24h) by the start of winter and high (6 pulses every 24h) as early as June;
ecach LH pulse induced a testosterone peak. Studies of follicle stimulating
hormone (FSH) in the ram have also shown evidence of seasonal changes, with
a maximum occurring in August-September (Ravault er al, 1980). It is also
clear that gonadotrophin secretion and release in sheep are mainly regulated by
light and gonadal steroids. According to the views advanced by Ortavant er al.
{1988), during decreasing daviength LH release is stimulated and the negative
feedback effect of steroids is reduced; conversely, in periods of increasing
davlength, LH release is less and the feedback effects of steroids is increased.
However, there is evidence of the crucial role of FSH in spermatogenesis. A
report by Kilgour er ol (1994) showed that the inhibidon (by passive
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immunization) of FSH but not LH markedly affected sperm production in the
ram; freatment with FSH antiserum significantly decreased daily production
of B2 spermatogonia and of leptotene and pachytene spermatocytes.

Ram: ewe ratios

Where rams are joined with ewes for natural service, semen guality and the
sperm doses that operate must be such as to ensure a high fertilization rate in
the ewe. In normal commercial practice, two or three rams are usually joined
for every 100 ewes in the flock; with one ram for every 30-50 ewes, the male
has three ewes or 50 to work with each day, based on a 17-day oestrous cvcle,
However, the normal servicing ability of the ram is high and New Zealand
workers have shown that the proportion of rams 1o ewes may be reduced to
about 1% and sgll remain adequate (Allison, 1975, 1978); this means that a
ram would be covering on average, some six ewes per day. Elsewhere, in
Australia, there have been studies indicating that individual rams may not
always be capable of that ievel of performance (Synott er al., 1981). In view of
the strong relationship between testicular size and sperm production, Gherardi
et gl {1980) suggested that abour 400g of testicular tissue per 100 ewes joined
is required for successful joining at ram : ewe ratios of 1 : 100,

1.4.1. Evaluation of ram libido and fertility

Although the importance of the ram in derermining the lambing performance
of the flock has been widely accepted, with some exceptions, relatively few
efforts have been made to quantify and evaluate ram mating performance. On
the assumption that an aversge ram must be capable of two or more services
for every ewe that comes in oestrus, a pen mating test was devised by Matmmer
et al. {1971); in this, rams were placed in a pen with five ocestrous ewes for
20 min and the number of services recorded. It was found that a relationship
existed between the total number of services in three such tests and the service
performance of the ram in a flock situation; other workers, however, found no
such relationship.

High and low serving rams

In other studies, Kilgour (1979) reported using service tests of longer duration,
occupying periods of 1 or 3 h rather than 20 min; it was found that it was
possible to arrange rams into high and low serving categories and that these
could be related to the performance of males under flock conditions. An
additional aspect of this ram testing work was in finding that high performance
rams tended to have daughters of higher than average fertility (Wilkins and
Kilgour, 1978).

Other work by these same authors showed that ram serving capability
(measured by a2 1-h pen test in the morning and another in the afternoon)
affected ewe reproductive performance when the rams were employed in flock
matings during the early weeks after joining (Kiigour and Wilkins, 1980);
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service tests were regarded as important when the mating load was higher than
usual or when the matings had to be completed in a short time span,

Low-Cost serving capacity tests
According to Fowler (1984) in Australia, s reliable low cost test of ram serving
capacity was desirable, but did not exist at that time. According to this author,
the value of such a serving capacity test would He in eliminating inactive rams
and identifying those whose higher serving capacity enable them to make
better use of larger testes. A reliable serving capacity test would enable rams
10 be used according to their capabilities. The development of a commercially
usable serving capacity test is discussed by Blockey and Wilkins (1984); such
a test must be simple to conduct, of short duration and, most important of all,
should be an accurate predictor of maring performance. According to these
authors, the potential benefits of serving capacity testing to the improvement
of flock mating efficiency have been well demonstrated but some areas require
further clarificarion.

Ram testing and flock fertility
The relationship betwesn ram breeding capacity and flock fertility was the
subject of further studies reported by Kilgour (1993} in Australia. As in carlier
work, these studies were based on the premise that breeding frequency of the
ram 18 an important determinant of fock fervility {i.e. ewes served more than
once during their heat period have a greater chance of becoming pregnant than
ewes served only once). The effect of breeding capacity in this more recent
Australian work was studied by exposing each of 15 rams to 200 cyclic ewes
for 17 days; five rams were designated as being of high, medium or low
breeding capacity. Breeding capacity was measured in various tests {3-h or 1-h
pen breeding tests). Results showed that breeding frequency (number of
services per ram during flock mating) of rams was closely related o flock
fertility, but breeding capacity, as measured in the tests, was only a moderately
accurate indicator of breeding frequency. It was noted, however, that some
rams were capable of impregnating more than 100 ewes during the course of
one oestrous cycle and that the identification of such rams would increase flock
breeding performance. This could be of economic benefit by virtue of reduced
ram purchases and lower flock maintenance costs.

Age of ram
Age of sheep, whether talking of rams or ewes, can be a relevant consideration
in assessing flock fertility. Several reports have emphasized the importance of
age in rams and ewes. In Australia, dealing with Merino sheep, ewes and rams
mated at the first time at 1 1/2 years of age counsistently gave lower lambing
percentages than mature animals (Dawe et al., 1974). As with bulls, testicular
development appears to be more closely related to hiveweight rather than age
of ram-lambs; by increasing the plane of nutriion of ram-lambs, the age at
which puberty is reached can be reduced (Cameron ez of., 1984). It is known
that ejaculates collected shorily after puberty in rams are likely to contain a
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high proportion of abnormal sperm which exhibit poor motility, although
several weeks later these characteristics are similar to those of adult rams
(Skinner and Rowson, 1968). In Ireland, the use of Suffolk ram-lambs in mid-
summer (July) may be associated with a fertility level markedly below that of
the same animals used in October.

Development of sexual responsiveness of rams

It is also relevant to note certain behavioural aspects of ram reproductive
performance in young animals. Studies by Price er al. (1995) in California led
them to conclude that the sexual responsiveness of ram-lambs towards fernales
was sufficiently undeveloped at 6 months of age (i.e. puberty) that extended
exposure to sexuaily-receptive ewes is required for many ram-lambs to exhibit
their inherent sexual (mating) potential. At 8 months of age, on the other hand,
the sexual development of ram-lambs had matured sufficiently so that
relatively brief encounters with oestrous ewes released the full expression of
adult sexual behaviour. The authors suggest that such findings may be of
benefit to sheep breeders who wish to use ram-lambs in their breeding
programmes,

Responsiveness of rams to daylength changes

It should be noted that for most of the species studied, daylength influences the
age of puberty equally in both males and females. In sheep, however, there
appears to be strong evidence that the responsiveness to photoperiod is
sexually differentiated (Herbosa and Foster, 1995); although the timing of the
pubertal rise in LH in ewe-lambs is highly influenced by daylength, in ram-
lambs it is not. These workers found that this sex difference was due to the
organizing acton of androgens on the brain during prenatal development.

Rams and the lambing percentage

Although sheep farmers have always recognized that rams differ in their mating
capabilities and in their fertility, it only became evident some 30 years ago that
rams may contribute to variation in the litter size of their mates by way of
differences in the ferdlizing ability of their semen or in the prenatal survival of
their offspring (Turner, 1969; Bradford, 1972). There has also been some
evidence that selection for high fertility in ewes has been accompanied by an
enhanced ability of semen from related rams to fertilize ova; the implication
here is that the ram can exert a direct effect on litter size.

Brucella ovis and epididymitis

Brucella ovis infection in sheep is the cause of a chronic epididymitis in rams
which can result in reduced fertility. The infection in sheep was first reported
in New Zealand and Australia in the early 1950s and according to FAQO sources
it is now known to exist in many sheep producing countries, although not in
Ireland and the UK. Under some conditions, it has proved possible for
veterinary measures to eliminate the problem from an entire sheep population.
The eradication of this form of brucellosis from the Falkland Islands bas been
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dealt with in a report by Reichel er a/. (1994); the protocol adopted in this
involved a combination of serological tests and culling. Rams that showed
palpable signs of epididymitis were immediately removed from the ram flock
and positive reactors to seroiogical tests placed in isolation until retested two
weeks later, and if seroposttive culled.

1.4.2, Seasonal variations in ram activity

In the British Isles, despite one report suggesting markedly inferior ram
performance in the ewe anoestrus (Yeates, 1949), the bulk of evidence for rams
accumulated since that time would indicate that they are quite capable of
maintaining high mating vigour and acceptable semen quality during the
spring and summer months (Gordon, 1958b, 1963; Smyth and Gordon, 1967,
Jennings, 1972). In Australia, workers reported that there was no distinct
breeding season in the ram as in the ewe, although the rate of sperm production
may be decreased in the spring months. Among environmental factors
(davlength, feed, climate) likely to reduce the effecriveness of the ram
markedly, elevated temperature would seem to be the most important. In
Australia (Gunn ez al., 1942) and North America (McKenzie and Terrill,
1937; Dutt and Hamm, 1957), several studies have shown that high summer
temperature is often responsible for temporary infertility.

Competent rams for controlled reproduction
With the development of more intensive lamb production systems, especially
those calling for more frequent lambings and births throughout the year, it is
clearly essendal to assess the nature and extent of seasonal changes in ram
fertlity. The availability of new methods for overcoming the seasonal anoestrus
in the ewe (e.g. use of sheep with extended seasons; induction of oestrus and
ovulation by hormone treatment or even photoperiodic manipulation) does
make it necessary that rams of high libido and good fertility should be available
at all times of the year. There is also the guestion of developing practical
routines that may assist in improving ram performance (e.g. light manipula-
tions; melatonin treatment), where this might be considered necessary to meet
the needs of natural service or artificial insemination.

Testicudar size and efaculation frequency
The effect of frequent ¢jaculation and of season on the semen characteristics
of rams has been the subject of several reports. It was evident from such studies
that successive ejaculations affected the quantity but not the quality of ram
spermatozoa. In Israel, Amir ez @l (1986) observed that the fertility of Finn-
cross ram ejaculates was not affected by the frequency of collection, even when
this involved five daily ejaculations during 17 consecutive days. Testicular
volume and scrotal circumference can often decrease markedly during the
mating period when rams are active (Thwaites and Hannan, 1989). Some
reports have shown testicular volume dropping to almost half its pre-joining
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volume; there can also be a substantial decline in the bodyweight of the ram
due to its mating activity.

Rams with small testes may be less fertile than those with large testes under
conditions of field mating; Gherardi er al. (1980) considered that this may be
due to rams with simall testes producing less sperm than those with large testes.
Cameron er al. (1986) found that semen quality of rams with large or small
testes did not differ; this indicated that there is no general relationship between
testicular weight in rams and semen quality.

1.4.3. Manipulating the light environment

There have been several reports drawing attention to the relationship between
decreasing photoperiod, i.e. short days, and increased reproductive activity in
rams; on this basis, peak fertlity in the male occurs in the autumn (Yeates,
1949; Ortavant et al., 1985). There is no doubt thar considerable seasonal
variation in testis size and semen production is evident in primitive breeds of
ram such as the Soay, used in studies by Lincoln {(1976); although a case could
possibly be made for employing photoperiodic manipuladons if a farmer was
faced with using Soay rams 1o breed ewes throughout the vear, the need for
light treatment in dealing with the improved mutton breeds, such as the
Suffolk, is much less evident,

Seasonal variations in le-de-France ram fertiity

In France, although it has been noted that seasonal variations in gonadal
activity are less pronounced in the ram than in the ewe {(Ortavant er 2l., 1988),
there is a well-developed body of evidence recording seasonal changes in the
He-de-France breed. The testis weight in the adult Hle~de-France ram has been
reported as varying from 180190 g in late winter to early spring to 300-320g
in late surnmer and avrumn; quality of semen and fertility is lower in spring
than in autumn, as recorded by Colas (1979). Seasonal effects on semen
quality in German Merino rams were investigated by Menger e ol (1988);
season had a significant effect on ejaculate volume, sperm motility and sperm
concentration, but there was no evidence that fluctuations in semen quality led
to problems in achieving pregnancies. In Poland, there was some seasonal
variation in the quality of fresh semen collected from Longwool sheep (Udala
et al., 1991), but data on its fertilizing ability were not provided.

Light manipulation and testicular volurmnes in Suffolk rams

There have been some reports from the USA that have maintained that
considerable seasonal variations occur in testicular volume of Suffolk rams and
that application of short-day (8h light : 16h darkness) light treatments over a
period of 3-10 weeks resulted in increases of 40-50% in their volume
{Schanbacher and Ford, 1979). However, as already mentioned, there appears
to be ample evidence from work in Ireland and elsewhere that Suffolk rams afe
able to perform satisfactorily in all seasons. If it was a question of dealing with
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Suffolks that were incompetent breeders in the sheep anoestrus, then light
manipulations might deserve some consideration.

As it is, there may be more of a case for using light control in keeping rams
in peak breeding condition when they are supplying semen for breeding ewes
by Al in the spring and summer months of the vear. Those who have employed
light treatments reported that rams respond to light changes faster than do
ewes (Evans and Robinson, 1980). This suggested that the neuroendocrine
mechanisms that control the onset of the breeding season are sexually
differentiated. Results from studies by Lubbers and Jackson (1993) showed
that gonadectomized oestradiol- or testosterone-treated male sheep have much
less pronounced seasonal changes of LH secretion than similarly treated
fernale sheep.

Maintaining a high testis weight by fight manijpulation
In France, studies with Ile-de-France rams have shown that frequent and brief
stirnulations of LH release can be obtained using regimens of increasing and
decreasing daylengths whose periods are reduced from 6 months to 4, 3oreven
2 months (Pelletier and Almeida, 1987); testicular weights of rams were found
to follow the photoperiodic changes in the first three instances but it increased
and stayed close to the maximum when changes were made at Z-month
intervals. According to Ortavant et ol (1988), rams so treated continued
showing a persistent high testis weight for more than 2.5 vears (Fig. 1.6).

1.4.4. Wdentifying low fertility rams

Clearly, ram fertility is important in determining the proportion of ewes that
conceive; methods of distinguishing rams of good fertility from those of poor
fertility have been the subject of many studies. It is either a matter of examining
or measuring the ram’s reproductive organs, in particular the testes, taking
semen samples for microscopic examination or employing a combination of
clinical examination and semen testing. On the guestion of semen testing,
Crowley and Walsh (1971), in work in Ireland, did find that semen testing
could be useful for detecting the small proportion of rams of inherently very
low fertility, but its general use as a screening procedure was not satisfactory.
In south-west Scotiand, MacLaren (1988} found that one-third of 547 rams
examined had recognizable abnormalities of the reproductve tracts, other
systems or both; the importance of careful physical examination of the scrotum
and its contents is stressed. Semen examination of ram-lambs by this worker
frequently revealed poor sperm density, as well as morphological abnormalities
such as retained protoplasmic dreplet, accepted by many as an index of
immaturity.

Physical and semen examinations
Examining semen prior to using rams for breeding may not always detect those
rams which subsequently suffer temporary infertlity, nor does it necessarily
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Fig. 1.6. Manipulating the kght environment 1o influence the breeding capabilities of
rams. Much research has been conducted over the years on the effect of different fight
regimes on the breeding response of ewes and rams. Light manipuation can be employed
a8 3 means of mantaining sermen production at a highlevel, both inrams and bucks

discritninate berween the best and the moderare fertility males. The fervlity
examination of rams before sale or the sturt of mating has been & common
practice in countries such as New Zealund (Bruere, 1971). It is perhaps
noteworthy that New Zealanders take careful note of the size and tone of the
testes rather than paying undue sttendon 1o the examination of semen
sampies.

Sperm output is proportional to testicular size, and a ram possessing large
symmetrical testes free from defects is likely to produce semen of good quality
(Kilgour, 1979). It has been shown that a good estimate of semen production
can be obtained by measuring the size of the testes. Knight {1972) estimated
that semen is produced at the rate of about 20 million sperm per gram per testis
per day; in later work it was demonstrated that measurement of scrotal volume,
scrotal circumference (scrotal wool removed) and mean diameter of the testis
could all give equally good measure of semen production (Knighr, 1977). In
Ireland, a survey of lowland rams indicated that the incidence of constitational
infertility in rams is very low (Crowley and Walsh, 1971} as it is with ewes.

It is clear from many reports that mating can have a direct and adverse
effect on the testicular size of rams which appears to be accelerated by the
sudden decrease in liveweight often experienced by active rams {Raadsma and
Edey, 1983). Clearly, rams that are busy mating may well lose out on time
devored to eating.
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1.4.5. Nuiritional and environmental effects

The testicular size of adult Merino rams has been shown to increase when
animals are placed on a high plane of nutridon and to decrease when placed
on z low plane (Thwaites and Hannan, 1989; Murray er all, 1991). It is
believed that the hypothalamic-pituitary axis, acting primarily by way of
gonadotrophins, is involved in testicular responses to nutrition in much the
same way as it is involved in responses to other environmenrtal stimuli, such as
dayiength and social cues (Martin er &f., 1994); it is evident, however, that the
effects of diet on testicular growth may also involve mechanisms that are
independent of changes in gonadotrophin secrerion. Results from work by
Thwaites (1995a) indicated that undernutrition in Merino rams had a greater
effect than exercise on testicular volume and thart exercise alone was associated
with increased testicular tone; the same author also showed that under-
nutrition caused a progressive decrease in the testicular tone and volume of
Merino rams (Thwaites, 1995h).

Nitrogen supplements
The effects of feeding supplements containing different levels and sources of
nitrogen on bodyweight and testicular volume have been studied by several
workers. In Auswralia, Thwaites (1994) working with Merino rams recorded
thar during 4 wecks of mating, liveweight and testicular volume decreased in
unsupplemented rams by 16% and 36%, respectively; loss in testicular volume
was progressively reduced as the nitrogen content of the supplement increased
from 1.7 10 5.0%.

Ofaction and the ram
In sheep, it is widely known thar the ram’s presence induces rapid changes in
the pattern of pituitary hormone secretion in the female; the presentation of
the ram to anoestrous ewes may induce an LH pulse in 2 marer of minutes.
A similar effect has been described in the ram; the presence of sexually
receptive ewes can induce an increase in LH and testosterone concentrations.
In France, studies by Gonzalez er al. (1991) suggest that this female-induced
secretion of LH and testosterone was not the result of olfactory cues.

1.4.6. Hormonal approaches to enhanced ram performance

Effect of -tyrosine
The oral adminisiration of i-tyrosine has been reported to significantly
increase ¢iaculate volumes in Egyptian rams in a paper by El-Sayed ez al
(1993).

Eftect of prostaglandin
It is known that certain prostaglandins have their origin in the male accessory
glands, largely in the seminal vesicles. The concentration of prostaglandin in
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F,, in semen is higher in the ram than in bulls, boars or stallions. The clinical
administration of prostaglandin in farm animals has been reported in several
papers dealing with cattle, horses and buffaloes. In sheep, the effect of PGF,,,
and the synthedc PG analogue, cloprostenol, on sex drive and semen
characteristics was examined in Irish rams by Mekonnen ez al. (1989), In this
study, PG was administered 30 min prior to attempting semen collection.
Prostaglandin treaumnent resulted in significant increases in ejaculate volume
and total sperm per ejaculate compared with control rams.

Melatonin implants

The role of the pineal giand and melatonin in reproduction in ruminants and
rams has been reviewed by several workers (D’Occhio and Suttie, 1992; Yellon
et al., 1992). A role for the pinesl gland was established by studies in which
pinealectomy and superior cervical ganglionectomy caused disruption of
reproductive responses to changes in natural and artificial photoperiods,
Melatonin is known to be involved in photoperiodic time measurement and
circulating concentrations of the hormone follow light—dark cycles, with
significantly increased secretion during darkness. Treatment of rams with
melatonin impilanis advanced the seasonal increase in LH pulse frequency and
testicular size in studies reported from New Zealand by Webster ez ol (1991);
results demonstrated that the advance in reproductive development induced by
melatonin was due to an effect on the hypothalamic pulse generator, which
increased LI pulse frequency. In Uruguay, on the other hand, Fernandez
Abella and Villegas (1992) studied the effect of melatonin implanis on the
semen quality of Corriedale and Polwarth rams in spring and summer, but
concluded that such treatment did not influence the fertility of rams at the
latitude of thar country.

1.4.7. Suppressing reproductive function in rams

Castration by vaccine
Sheep farmers in many parts of the world have considered that the castration
and tail docking of lambs is necessary for disease prevention and good flock
management. Castration and tail docking, however, can result in behavioural
and physiological changes indicative of considerable pain in lambs. A study by
Kent e al. (1995) of different methods led them to conclude that a combined
rubber ring and Burdizzo method of castration and tail docking of lambs less
than seven days old caused least acute pain, as judged by the behavioural and
physiological indices measured. None the less, this method stil produced
considerable acute pain and the authors saw the need to seek improvements or
alternative reatments. In terms of castration, one alternative could eventually
take the form of an anti-GnRH vaccine, administered soon after birth or before
the onset of puberty. Research in this area was first reported some time ago.
There were several reports during the late 1970s and early 1980s showing
that repeated immunization of adult male and female farm ruminants against



Introduction i Controfled Reproduction in Sheep 31

GaRH can inhibit the secretion of gonadotrophins and lead to the suppression
of reproductive function (Jeffcoare er &l., 1978; Robertson et ¢f., 1982); such
suppression in adult sheep and cattle is known to be reversible with time
{Keeling and Crighton, 1984). A study by Brown er 4/ (1994) showed that
similar immunization of rams very early in life or around puberty was capable
of producing profound and long-acting effects on their reproductive capacity,
with some rams having juvenile-like reproductve organs and a complete lack
of libido two years after treatment. It appeared that immunization early in life
may have induced some degree of impairment to hypothalamic function,
resulting in long-term suppression of GnRH and of gonadowophin release in
the majority of the immunized rams; growth rates of immunized and untreated
rams were similar, In the USA, Daley er al. (1993) also reported on the effect
of immunization against GoRH of ram-lambs at a month of age on growth,
carcass characteristics and reproductive development; their results indicated
that immunization was an effective alternative to physical castration in lamb
production.

Short-scrotum rams
Short-scrotum rams can be produced by forcing the testes tight against the
abdominal wall of the young lamb and placing an elastrator ring immediately
below the testes. The sterility and productivity of such rams was studied by
Morcombe e al. (1990) in Australia. Histological examination of testes from
short-scrotiun rams after mating showed severe degeneration of tubular
epithelium and almost without exception a lack of evidence of sperm
production; growth rate was significantly greater than in castrated lambs. The
use of such short-scrotum rams for detecting oestrus in sheep flocks has been
reported by Zhao er ol {1992) in Ching; histological examination showed no
evidence of spermatogonia in the testes. The rams did, however, possess strong
Iibido and high mating capacity.

Vasectomy
One certain way of obtaining sterile teaser rams, whether for use in research
or in commercial practice, is by way of vasectomy, the surgical procedure by
which the vas deferens from each testis 1s cut. One question that occasionally
arises with such rams is fertility in the days immediately following surgery. In
Uruguay, Villegas ez al. (1992) reported on the effects of vasectomy on semen
traits in various breeds of rams; all rams showed very low fertility by day 4 post-
operation and they were sterile within a week of vasectomy.

1.5. Place of Artificial Insemination

The first serious efforts with sheep Al were in the former USSR during the
1920s and the number of ewes bred by this method increased through the years
to the point where 42-44 million were inseminated each year, representing
72-76% of all animals (Jheltobruch, 1979); in certain regions, 90-95% of ewes
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were bred by Al. Developments in Al technology and related topics have been
discussed in various reviews (Maxwell, 1984; Evans, 1988; Gourley and Riese,
1990; Wallace, 1992). Experiences in the application of sheep Al in New
Zealand (Dyer, 1990}, Norway (Berg and Aamdal, 1991), Sweden (Lillo,
1989; Nilsson, 1989), Greece (Georgoudis ez al., 1995), Germany (Holler-
rieder, 1991) and the former East Germany (Becker ez al., 1986; Strittmatter
and Peter, 1991) have been described in various papers.

1.5.1. Early days in farm application of sheep Al

The development of sheep Al in the former USSR was part of a massive
upgrading programme applied to native sheep which started after World War
1, when Australian Merinos were imported into the USSR. The Al procedures
adopted at that time were uncomplicated and have remained so over the years;
ram semen is generally collected and used immediately, occasionally with some
degree of dilution. Thus, although the USSR could claim to be the first in the
application of sheep Al, in terms of new developments in ram semen
technology, it has not been associated with any notable advances.

According o Ryder (1981), the sheep industry at that time in the former
USSR had made considerable progress since World War II, not only in
expanding sheep numbers, but in moving rapidly towards a predominance of
Merino types by the extensive use of Al. Sheep were maintained on large farms
carrving anything from 3000 to 60,000 sheep. The usual arrangement was for
breeding ewes to be kept in flocks of 600 to 800; for artificial insemination,
heat periods among ewes were checked by running 8-10 colour-marked
‘aproned’ rams with the flock and selecting out those marked, once daily in the
morning. About 70% of ewes were inseminated using freshly undiluted semen,
the insemination being carried out within 20-30 min of semen collection,
using 0.05m! volumes and estimated sperm doses of 120150 million. The
‘work-load’ on any one ram was usually on more than 400-600 ewes in a
breeding season; conception rates to first service of 75-80% were claimed.

Self-drafting cestrous ewes

It might be mentioned that New Zealand workers in later times developed a
self-drafting system for ocestrous ewes destined for Al (Matthews ez al., 1991},
This system was based on the principle that most ewes in oestrus seek out and
remain near rams. The New Zealand workers designed various systems for
trapping oestrous ewes attracted to two decoy rams. They concluded that the
catching rate with their trapping system was sufficiently high for practical use
n Al programmes.

Sheep Atused in few countries

Despite the extensive use of Al in the former USSR and several other eastern
and central European countries and in some parts of Latin America, with the
exception of France, sheep Al has certainly not become a common practice in



introdigction to Cortrolled Reproduction in Sheep

the other sheep producing regions of the world, including Australia, New
Zealand, Western Europe and North America. This results from several
problems relating to the management of the ewe flock, the costs involved in Al
and the handling procedures necessary for ram semen. The fact that most Al
as currently practised in Russia, is still based on fresh undiluted semen, as it
was more than 70 vears ago, serves to show that methods of dilution and frozen
storage of semen applicable in cattle do not necessarily hold true for sheep.

Use of fresh sernen
Research since 1930 on storage of semen at reduced temperatures (0°-15°C)
and at ambient temperature has been reviewed by Maxwell and Salamon
(1993). Diluents used have included buffers combined with sugars plas egg
yolk or its constituents, milk from various sources, glvcine and other sub~
stances. Other reports confivm that irrespective of the diluent, dilution rate,
temperature and conditions of storage, ram sperm deteriorated during storage.
Changes included reduced motility and morphological integrity of sperm,
accompanied by a decline in their survival in the ewe reproductive tract. A
rapid decline in fertility occurs when ram semen is stored for more than 24h
and used in cervical inseminations.

In this regard, it is of interest to note that in New Zealand, Upreti ez ol
{1995} have reported the development of a chemically defined ram semen
diluent (RSD-1) which was able ro maintain sperm motility in diluted semen
incubated at 38°C for about 24 h; in conrtrast, a conventional milk-based
diluent supported motility for less than 6h at 38°C. The same workers
reported that ram sperm motility was influenced by the buffering capacity,
osmolarity and the presence or absence of macromolecules and calcium in the
chemically defined diluent. Among the organic buffers rtested, MOPS
(3-(N-morpholino)propanesulphonic acid) had a marked effect on the
maintenance of sperm motility.

Frozen semen
The potential influence of one ram on the sheep industry using technology
current at the time is outlined in Fig. 1.7, taken from Maxwell (1984). This
deals with the Australian scene and compares the number of lambs produced
per year from natural mating, Al with fresh semen and Al with fozen semen.
Based on the assumption that frozen semen inay be collected and stored from
an outstanding sire for most of the year, 3 conservative estimate of 8 months’
semen collection from one ram at a rate of nine ejaculates per week should
provide enough semen to leave some 12,000 lambs per year.

The effects of cervical insemination with frozen semen on fertility and
litter size in Norwegian sheep was reported by Olesen {1993}, The NRR%
{defined as the percentage of ewes not returning to service within 20 days of
Al) was about 60% and was significantly affected by various factors, including
technician/veterinarian, ram, age of ewe, number of inseminations per oestrus;
there was a reduction in litter size of about ¢.2-0.4 lambs in inseminated ewes
compared with those bred by natural service. The optimal insemination time
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Matural mating Al with fresh semen Al with frozen semen
¥ .
3% rams; ewss Elaculation{s) Semen stored per
oar day: 3 ram: 1 litre
nseminations per inseminations per
siaculationis}): 20 ram: 25,000
inseminations per
oycle: 1020
3
33 ewes per ram 1020 ewes por ram 25,000 ewes per ram
i
22 lamps bom % 500 lambs bom 12,000 lambs bormn

Fig. 1.7. The potential number of lambs sired by a ram each vear using natural mating,
Al with frash semen and Al by laparoscopy with frozen semen {from Maxwell, 1984),

was found 1o be 15-20h from oestrus detection.

The cost and benefits associated with the use of Al in commercial flocks
were evaluated by Abborr (1994) with reference to wool-producing sheep in
Australiz; the cost per lamb weaned after laparoscopic Al was estimated as
8A100; benefits exceeded this cost for rams of very high merit when wool
prices were moderate or high. Al with purchased semen also provided benefits
for owners of commercial flocks who wished to breed their own replacement
flock rams.

Sheep Alin small flocks

For any thought of applving Al economically under the small farm and flock
conditions found in countries such as Ireland, the need for vestrus detection
must be eliminated completely and all members of the selected group
inseminated at 2 prederermined hour. This calls for precise control of oestrus
and ovulation, using controlled reproduction technigues, not only among
cyclic ewes in the gutumn breeding season but also in sheep during other
seasons of the year when they could normally be in anoestrus.

It was only during the 1970s that methods, both of controlled reproduc-
tion and ram semen processing, became available to enable the application of
a new fixed-time approach to sheep Al France is one country which has been
in the forefront of such developments. In that country, in the 1979-86 perioed,
the number of sheep inseminations doubled from 218,260 to 452,293, which
accounted for about 27% of the national breeding flock. By 1990, the number
of inseminated ewes had increased to 696,955, with 36% of dairy ewes and 4%
of mutton ewes being bred by this method (Rupferschmied, 1992); in 1991,
740,000 ewes were inseminated in the country {Mesnil du Buisson, 1994).
The French sheep Al industry has been based on disuibuting fresh semen,
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used on the day of collection, from more than 20 centres around the couniry;
demand for Al in milk and mutton sheep in France is generally concentrated
in the spring/early summer period.

1.5.2. Fresh and chilled semen

The main semen diluents used in sheep Al have either been based on cow’s
milk {whole or skim} or egg-yolk with Tris, citrate or phosphate buffers
{Graham and Foote, 1985). The formulation of these diluents was often based
on the Russian experience, as reviewed by Maxwell (1984).

Use of antifreeze proteins
Although most marine fish species occur in shallow, relatively warm waters, a
small number of species live ar least part of their life in the cold waters of the
Arctic and Southern oceans. In the 1960s, it was discovered thar the blood
plasma of Antarcde fish demonstrated 2 phenomenon generally known as
‘thermal hysteresis’; it did not freeze until about -2.5°C, but on rewarming,
meited at about 0.8°C, indicating that unfrozen plasma contained some agent
which reduced its freezing point. it is now known that antifreeze glycopeptides
are universal in Antarctic fish (Davenport, 1992); these antifreeze proteins are
now being used in various studies in the cryopreservation of embryos and
gametes of farm animals, inchuding sheep. In New Zealand, Payne ez o/, (1994)
have studied the effects of antifrceze proteins from winter flounder and
Antarctic cod in the motility of ram sperm afrer chilling (5°C) and after freeze-
thawing; at a concentration of 10ug mi™!, one antifreeze protein significantly
increased the percentage of motle sperm after freeze-thawing.

1.5.3. Problems in freezing ram semen

Any consideration of sheep Al as a method of breeding wouid be incomplete
without referring to the possibility of employing frozen semen. Although
techniques for the insemination of sheep with freshly collected semen have
been available for many years (reviewed by Emmens and Robinson, 1962), the
development of freeze-thawing methods has been slow and procedures stll
leave much room for improvement. Although there is no scarcity of reports
showing that the @ viro revival of ram spermatozoa after crvopreservation can
be satisfactory, reports of acceptable conceprion rates after normal cervical
insemination of such spermatozoa have been few. In France, Colas (1979)
reported a 50% rejection rate of ejaculates after freezing and thawing, even
with the best of his freezing treatments.

Fresh and frozen sernen comparisons
In many comparative trials, the fertility of freeze-thawed ram semen has been
much below that of fresh semen; this reduced fertility has been attributed to
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impaired sperm transport through the cervix, resulting in failure to establish
adeguate numbers in the sperm reservoirs that are known 1o exist in the ewe’s
reproductive tract (Fiser er al, 1987). It is also now well recognized that the
insemination of freeze~-thawed semen directly into the uterus can result in 2
fertlization rate much the same as that of fresh semen; such evidence is usually
taken as supportng the view that the basic problem is one of establishing
adequate numbers in the sperm reservoirs {cervical and isthmic). According to
Hunter and Nichol (1983}, at least 30-60 min are required for adequate
colonization of the sheep cervix with a fertlizing population of fresh spermy;
how far this applies to frozen-thawed sperm is not known. It should be
mentioned that variation in fertility between males is regarded as even more
marked in rams than in bulls (Watson, 1979},

Evaluation of sernen freezing techniques

One of the problems in the cryopreservarion of ram semen is in being able w0
evaluate the success of the freeze-thaw methods employed. A technigue for the
evaluarion of sheep-semen-freezing methodology was reported by Hawtdngh
and Kay (1992) from South Africa. In this, semen was evaluated using a sperm
penetration assay (SPA) on zona-free hamster oocytes. In Spain, Garde er ol
{1993) evaluated the SPA before and after freezing ram sperm and suggested
that this rest would be suitable for the routine evaluanion of frozen ram sperm.
In California, Choudhry 21 gl (1995) also reported data suggesting that the
SPA may be g useful test for predicting the relative in vivo fernlity of freeze-
thawed ram sperm after laparoscopic intrauterine insemination; these authors
noted that the SPA mayv be more relevant to the outcome of laparoscopic Al
than to other forms of sheep insemination (cervicall which do twvolve sperm
transport.

The use of cattie cocytes for the evaluation of the fertility of ram semen has
been reported by Smith and Murray (1995). This is based on the availability
of cattle oocytes in most cities (from ovaries obtained at abattoirs) and the fact
that heterologous i v fervlization (IVF) between cattie and sheep is
possible. Such a sperm penetration assay may be valuable where it 1s not
possible 10 use the hamster test,

1.5.4. Diluents and semen processing

Australian workers have favoured the pellet-freezing of ram semen and have
been careful to observe the same principles as apply in fresh semen Al; namely,
the need 1o employ a dense inseminare of highly motile sperm if an adequate
population of sperm is to be established in the ewe tract. The Australian
freezing method was based on the use of a Tris-glucose—citric acid egg-volk
diluent, added to semen at 2 low dilution rate {1 : 2 semen to diluent ratio);
ewes inserminated once or twice during oestrus with sperm doses of 360 million
motile sperm gave conceprion rates of 30-55% (Visser and Salamon, 1974).
Work in the UK reported by Maxwell er ol {1980) showed a 52% lambing rate
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for semen frozen in this way in pelles as against 29% for semen frozen in
SIraws.

Peflets vs. straws for frozen ram semen
Freezing in pellets has an advantage over freezing in straws by virtue of its
simplicity and ease of operation. On the negarive side, handling pellets on the
farm is not easy because of the steps required before inseminations can be
performed (thawing of pellets, filling of insemination pipertes or straws).

Buffers
An evaluation of zwirterion buffers in diluents for freczing ram sperm was
reported by Molinia er al. (1994b). In this, diluents based on the zwitterion
buffers TES, HEPES and PIPES, adjusted to pH 7.0 with NaOH or Tris, were
compared with Tris citrate diluents by assessing post-thaw motility and
acrosome integrity of frozen ram sperm. The authors concluded that the
rwitterion buffers were superior to Tris-citrate; inclusion of egg-yolk (13.5%),
cemrifugation of the diluents, use of low dilution rates (three- or sixfold) and
freezing in pellets rather than minitubes or straws unproved motlity and
acrosome integrity. Whether the use of these novel diluents is reflected in
inproved fertility remains 1o be demonswrated. Other studies reported by
Molinig ez al. (19%4a) from Sydney showed that 3 range of sugar concentra-
dons can be successfully incorporated into ram freezing diluents,

Without doubt, frozen ram semen will eventually prove to be valuable in
comumnercial sheep breeding and preduction programmes. Artificial insemina-
tion should prove to be exmremely useful in speeding the wansfer of genetic
gains berween stud focks and commercial flocks. In sheep, there is obviously
scope for accumulating stocks of frozen semen for use during periods of peak
demand in the autumn breeding season at other times; this could be valuable
for the operation of a commercial viable Insemination service,

1.5.5. Season and semen quality

French workers have maintained thar the fertibity of frozen semen is highly
dependent upon the season of collection and that best fertility is evident during
the auturan breeding season. It has been reported by Colas (1979) thar the
incidence of morphologically abnormal sperm {distal cytoplasmic droplets and
abnormal tails) can be much greater under increasing dayiength conditions
than under decreasing light (22.5 vs. 10.3%); fertilizing capacity of fresh sperm
ig also said to be affected, with the poorest semen being produced under
condivions of increasing daylength. As noted earlier, such marked fertility
differences with season have not been observed with the particular ram breeds
found in Ireland (Fig. 1.8).
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1.5.6, Insemination technigues

The efficacy of depositing semen into the vagina, cervix or uterus of the ewe
has been reporred by wvarious workers, in terms of the conception rates
achieved. Vaginal inseminstion is the simplest technique, and involves deposit-
ing fresh diluted semen deep into the vagina of the ewe without attempting 1o
iocate the cervix. The Australians refer to it as the ‘shot-in-the-dark’ or SID
method, which suns up its efficiency rather well. Not surprisingly, conception
rate after SID has been reported to be lower than that following cervical
insemination (Kerton er o, 1984; Rival ez of, 1984). Cameron e of. (19886)
also found that vaginal inseminaton was inferior to cervical insemination,
although the difference berween the two methods was only about half that
reported by the earhier workers; the difference appeared to be grearest when
fow numbers of sperm were inseminated. Contrary to some previous reports,
Cameron er of {1986} found that resting afier insemination did not improve
conception rares. The vaginal method is ineffecrive for frozen-thawed semen.

Cervical insemination

The success of cervical insemination in sheep, using chilled (+2-5°C) rather
than fresh semen, appears to be dependent on dilution rate, sperm dose and
the duration of sernen storage before use. As with chilled ram semen, the major
facror Hmiting the fertility of ewes inseminared with frozen ram semen is the
inability of ram sperm 1o cross the cervix of the ewe after being subjected to
the freeze-thaw process. The exact nature of the cellular changes responsible
for this problem remain undefined. Unlike fresh semen, frozen semen must be
deposited within the uterus to ensure adeqguare fertiliny.

Intravsterine Al

Intrauterine insemination by way of mid-ventral laparotomy with fresh-chifled
ram semen resulted in high fertilization rates {Salamon er g, 1979; Maxwell,
1984}, Such results established two important facts: firstly, problems of poor
conception rates, using chilled or frozen semen with cervical insemination,
could be circumvented by depositing sperm directly in the uterus; secondly,
fewer sperm are needed with intrauterine Al. The method of intrauterine Al
was further developed by Killeen and Caffrey (1982), who reported a high
fertilization rate, using both fresh and frozen semen, with the aid of laparo-
scopy. By the mid-1980s, several reports of promising fertility results after
laparoscopic intrauterine Al had been published by workers in Australia, the
UK, New Zealand and elsewhere (Armstrong and Evans, 1984; Maxwell er al.,
1984; Tervit, 1984; McKelvey er 2., 1983). The potential of using intrauterine
Al and frozen semen rather than the ram in natural service or with cervical
inseminations with fresh semen has been given in Fig. 1.7.

According to Mazwell (1984), in Western Australia alone more than
22,000 ewes were inseminated commercially with frozen semen by laparoscopy
during the 1983/84 breeding season. Some reports suggest that intrauterine
insemnination into one uterine horn may be sufficient to obtain a high
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Fig. 1.8, Performance of Dorset Horn rams during the ewe ancestnus, Dorset Horn
sheep in the UK have a long history of lambing i the auturon (breeding season) - the
breed was kept in the south of England and & one time supplied 2 trade for young lamb at
Chyistmas in London. Why the Dorset Horn should differ from the other English Long-
wool breeds s not entirely clear

fertlizarion rate. A paper by Correa er ol (1994) in Chile recorded a
significantly higher fertilization rate in ewes insemninated unilaterally with
frozen semen (into the right horn of the wierus) as compared with cervical
insemination {84% vs. 19%). The most widely practised form of uterine
insemination in the ewe is laparoscopic Al which is used within the Australian
stud Merino industry (Evans, 1991,

Transcervical insemination in sheep
Although there is ample evidence showing that a single laparoscopic Al in
sheep with frozen semen can result in acceptable conception rates, its wider
apphication may be limited by its expense.

An alternative to laparoscepic Al is the passage of g pipette into the uterus
from the vagina via the cervix; this procedure is known as transcervical Al
There have been several reports of transcervical Al (see review by Eppleston
and Maxwell, 1993). A report by Halbert e ol (1990} in Guelph reported
pregnancy rates of 50-68% in three flocks inseminated transcervically and
70% for ewes inseminated laparoscopically. One more recent study has
evaluated the use of the Guelph system for transcervical Al (GST-Al) in
Australian Merinos (Windsor ¢ al. 1994); although this technigue could
result in conception rates similar to those with laparoscopic Al this was only
in ewes in which semen was deposited within the uterus rather than the cervix

3%
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(about 50% of sheep). The cervical penetration rate (proportion of ewes in
which the Al pipette could be passed through the cervix) was identified a5 a
major factor Hmiting the commercial use of this technique.

Further studies by Windsor {1995} led 1o a paper describing the influence
of a number of factors on the cervical penetration rates achieved by the G8T-AI
system. Cervical penetratdon rates ranged from 21% to 80%. The author
concluded that it may often be wise to exclude ewes that have lambed only once
as well as maiden ewes. Penetration rates appeared to be higher in ewes
showing natural rather than progestagen controlled heats and in ewes in the
breeding season rather than at other times of the year. The author does not
specify the time taken per sheep to perform the transcervical insemination,
which, as well as the welfare aspects of the GST-AI system, may need much
further evaluation.

Inseminafion pipettes

From Hungary, a report by Magyvar {1994) desls with a new insemination
pipette for the intrauterine laparoscopic insemination of sheep; this double-
wall pipette was tested successfully on 350 ewes. The author concluded thatits
application could reduce the costs of insemination, allow easy and accurate
dosage of semen, provide geod heat insulation and prevent introduction of the
needle deeper than Smm.
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The Ewe’s Oestrous Cycle 7
and Seasonal Breeding V4
Activity £

2.1. Introduction

The ewe is seasonally polyoestrous with oestrous cycles usually commencing
in late summer and continuing through untl the start of spring, unless
pregnancy intervenes. During the breeding season, the ewe shows cycles of
16--17 days; in general, most cycles range from 14 to 18 days with an average
length of between 16.5 and 17.5 days (McKenzie and Terrill, 1937; Asdell,
1964; Hafez, 1952). Heape (1990) described the phases of the ocestrous cycle
as pro-oestrim, oestrus, met-oestrum and di-oestrum. More commonly, the
oestrous cycle is divided into two phases, the follicular phase and the Juteal
phase. The follicular phase has a duration of 2-3 days and is characterized by
the exhibition of oestrous behaviour, the preovulatory luteinizing hormone
{(LH) surge and ovulation. The transition from the follicular to the luteal phase
is marked by ovalation. However, the rransiton from luteal ro follicular is more
complex. Should the sheep become pregnant, the corpus luteum will persist
throughout pregnancy.

Prostaglandin and progesterone levels
If the animal is non-pregnant, prostaglandin (PG) F,, which is produced by
the uterus, is secreted; the subsequent action of PG is to induce regression of
the corpus luteum, reducing progesterone concentratons in the circulation
and allowing a new follicular phase to start (Fig. 2.1). The Juteal phase has a
duradon of 14-15 days and is characterized by the secretion of progesterone
from the corpus luteum. The oestrous cycle length seems 1o be more variable
in the second half of the breeding season as a result of the luteal phase of the
cycle increasing its duration (FHammond, 1944).
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Fig. 2.1, Ulagrammatic representation of changes in hormone levels during the swe's
oestrous cycle (from Caldwel et al, 19723,

2.2, Oestrus and the Oestrous Cycle

The duraton of cestrus in the ewe, locking ar the reports in the literature,
generally fall within the range of 1--1.5 days {Asdell, 1964); detailed observa-
tion in several Britsh breeds in a 3-vear study by Hafez (1952) showed the heat
period 1o be, on average, about 35h in length. There have been those who have
observed that long heat periods are more ntense than short ones and that the
first oestrus of the breeding season may be shorter and less intense than
subsequent pericds (Grant, 1934); the duration of oestrus iz generally shortest
in ewe-lambs and of intermediate duration in vearling sheep {McKenzie and

Terrill, 1937; Hafez, 1952).

2.2.1. Oestrus and ovulation

The ewe is a spontancous ovulator, although estimates of the time at which
ovulation occurs, relative to the onset of cestrus, have varied. Reviewing the
literature at the time, Robinson {1959) concluded that ovulation occurs at
about the end of oestrus, regardiess of the duration of the sexually receptive
period. The phenomenon of cestrus in the ewe is generally recognized as being
rather more complex than was at one dme thought. It is now evident that the
continuous presence of rams can reduce the duration of behavioura!l oestrus
(Parsons and Hunter, 1967; Parsons e al., 1967} and advance the dme of
ovulation, relative to the onset of oestrus (Lindsav er ol , 1975; Signoret, 1973)
by advancing the preovulatory surge of LH. In the absence of the male,
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presumably the preovudatory surge of LH awsits the build-ap of foilicular
oestradiol to an appropriate concentradon before it s wiggered off.

LH surge fo ovulation interval
Druration of the heat period can be markedly infiuenced by breed. It should
also be noted that the interval between the smart of oestrus and the tme of
preovudatory LH discharge varies between and within breeds (Thimonter and
Pelletier, 1971} The interval is reported by Land ez al. (197%) 10 be greater in
highly prolific sheep (18h) than in less profific breeds (6-7h). The maximum
concentration of preovulatory 1LH varies from animal to antmal but duration
of the surge is 8-12h (Cunningham er o, 1975; Legan and Karsh, 1979);
ovalation itself occurs about 24h afier the onser of the LH swge (Cumming
eral, 19713,

Behaviowral symptoms of cestrus
The behavicural symproms displayved by the ews during oestrus have been
described in several reporss (McKenzie and Terrill, 1937 Hafez, 1952); in
effect, signs are very few and consist of the ewe remsining close to the ram and
standding (0 be mounted (Fig. 2.2). It should be noted that ewes display a
strong ram-secking behavioura! pattern (Inkster, 1957; Lindsay and Fieicher,
1972) 5o that contact between the sexes is not wholly dependent on the rams
activity; in fact, studies heve demonstrated thay about 75% of ewes in oestrus
seek out and remsin near rams (Marthews or g, 1991). The absence of any
clear symptoms make detection of oestrus, other than i the presence of 2 ram,
exmremely difficulr, Some reports mengon that the vulva mayv be ocdematous
and that a mucus discharge from the vaging may be evident (Kelley, 1937);
occasionally, the cestrous ewe will move s 1all vigorousiy as part of a display
pattern when i 35 with the ram.

Diifferences in the sexual ‘sttvacuiveness” of oestrous ewes 1o rams has been
studied by Australian workers (Tilbrook, 1987ab; Tilbrook and Lindsay,
1987}, who found that the components of ewe attractiveness arve charscioristic
of the ewe and are relatively stable over at least two heat periods; the stage of
oestrus had oo significant influence and the soliciung behaviour of the ewe was
not a major factor determining her sexual attractivenass.

Fwe response & the ram
According to studies reported by Blissitt er ol {1990) from Edinburgh, rams
are able to differentiate berween sexually receptive and non-recepiive ewes by
the difference in urine odour. It appears that this odour subsequently wanes 1o
become undetectable 4 days afier oostrus, Bwes that are not in cestrus usually
urinate 1o response to the approach of @ ram, whereas cestrous ewes do not
{Bland and Jubilan, 1987), According o Blssite er 2l (1994}, urination by
ewes may be g non-confacy cormmunicarion that allows rams 10 deternune
efficientdy the oestrous status of the ewe wnder feld conditions; ewes avoid
distuwrbance by gignalling that they are not sexually receptuve. The ram
concenirates agention on the volded urine snd exhibits the *flehmen’ response,
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Fig. 2.2, Oestrus syroploms are not easy o detect in the ewe. In the absence of rams or
stevile teasers, it i usually impossible to distinguish a ewe that is In oestrus from one that is
nol - simply using powers of observation.

which 1s behieved to facilitate the entry of urine inte the vomeronasal organ for
chemosensory analtysis,

Ram sexual behaviowr

Various authors have reviewed the sequence of events leading up to mounting
in the ram (Pelleter er 2L, 1977). Some of these movements are ilustrated in
Fig. 2.3. In more recent times in Japan, Odagiri ez ol (1993) avempred to
analyse sexual behaviour in rams using & time-liapse video recorder. Sexual
behaviour fell invo one or other of eight movement caregories; these were: (i)
following or approaching the ewe; (i) chin-restng; (i) flehmen; (iv) mount-
ing; (v) nosing: {(vi) nudgming: {vil) pushing; and {vin) twisting. The resulis of
the study showed that the moest common sequence of movements was:
following/approaching —~ twisting — nudging ~ chin-resting ~ mounting.

It mav be noted that in seversl mammalian species, including sheep, sexual
interactions have been reported to ncrease LH and testosterone levels in the
male (Schanbacher & ¢f., 1987). Studies on the effect of sexual receptivity of
ewes and the sexual experience of rams has shown that rams react 1o the
presence of ewes by changes in hormone levels regardless of their experience
or the sexusl state of the ewe (Gonzalezr @ o, 1991). However, experienced
rarns respond more sirongly to recepuive than to non-receptive ewes, suggesi-
ing that they have previcusly learnt 1o determine the physiological and/or
behavioural state of the ewe’s receptivity.
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fig. 2.3. Some of the movemnents associated with ram sexual behaviour from Pelletier
ef al, 19773,

Follicular oestrogen and sexual activity
Oestrus 15 the behavioural response of the ewe to the action of ovarian
(tolicular) oestrogen on specific receptors in the hypothalamus; the plasma
concentration of oestradiol reaches its peak at abour the start of oestrus
{Scaramuzz and Land, 1978), after which it rapidly disappears. This means
that the ewe spends much of oestrus in the absence of ovarian cestrogen and
progesterone in the circulation. Progesterone conceruration in the circulation
is lowest during oestrus but begins to rise immediately after formation of the
corpus luteum and reaches a maximuy fater in the cycle.

Crestrus in pregnancy
Qestrus may occur in the pregnant cow, although this would certainly be
uncommon. Although no evidence has been recorded in Irish studies of
oestrus in the pregnant ewe (Gordon, 1983), the phenomenon has been
recorded in several reports (Williams er ol , 1956; Bichard ez al., 1974; Younis
and Afifi, 1979); some authors have gone so far as suggesting that cesirus in
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the pregnant ewe occurs so freguently as to make the pracice of oestrus
detection in identifying non-pregnant ewes guestionable. This would seem 1o
be very much against the evidence of the literature as a2 whole. Certainly, Irish
experience lends littde credence to the suggestion.

2.2.2. Physiology and endocrinology of the pestrous cycle

The nature of the hormonal mechanisms involved in the regulation of the ewe’s
oestrous cycle has been the subject of many investigations, particudarly over the
past 25 years when exiremely sensifive radioimmunoassays (RIAs) have been
available,

Luteal phase

After ovulation, the ruptured follicle is transformed into a corpus huteum (CL)
According to Jablonka-Shariff ez al (1993), growth of sheep corpora lutea is
extremely rapid, linear from day 2 to day 12. Such growth is primarily due 1o
hyperplasia; there is a high rate of cell proliferation, but this is associated
primarily with non-steroidogenic cells, a large proportion of which appear o
be endothelial cells. 1t is believed that there are ar least two morphologically
and bicchemically distinct steroidogenic luteal cell types in the ewe (Fimz et &,
1982; Rodgers and ('Shea, 1982}, The two cell types differ markedly in size
and are referred o as small and large lures] cells. The small Tureal cells are
spindie-shaped and are 12-22 g in diameter; the large cells are 22-%0 um in
diameter and are spherical in shape.

Corpora lutea and progesterone levels

The sheep’s CL. attains full secretory activity by about the sixth to eighth day
of the oestrous cycle and continues secreting progesterone at a fairly constant
level until about day 15; progesterone concentrations in the circulanon during
the cycle follow the growth and development of the corpus luteum, the
maximum levels being reached at about day 8 and then beginning o fall a day
or two before the next cestrus (Cunningbam er ¢f, 1975). It is known that
season and nutrition, as well as breed and ovulation rate, can have an influence
on the maximum concentration of steroid secreted. There is only 2 marginal
increase in the progesterone level with two corpora lutea rather thao one, so
accurate detection of double ovulations in sheep is not possible by messuring
the steroid.

Maintenance of the corpus huteum

Data in the 1960s suggested that there was some decline in progesterone levels
between the 10th and 15th days of the cycle (Thorburn er al., 1969); electron
microscopy studies at that dme alse provided some evidence of inciplent
regression of the corpus luteum commencing as carly as day 12/13 (Deane o
al., 1966). Such dats were in agreement with ecarlier observations on the
morphology of the corpus futeum in the late luteal phase of the sesrrous cycle
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{(Warbritton, 1934; Hurchinson and Roberson, 1966). The secretory activity
of the CL is believed to be mainmined by luteotrophic hormones released by
the anterior pituitary. There is evidence that both LH and prolactn (PRL)
contributre 1o the maintenance of the funcdonal activity of the sheep’s CL
during the oestrous cycle (Denamur o al., 1973). It is also recognized that the
normal growth and development of the ovine corpus luteum can be markedly
affected by the administration of exogencus progesterone in the early days of
the oestrous cycle (Ginther, 1968; Thwaites, 1971); this can result in a much
reduced span of activity, Presumably, progesterone treatment at this time
adversely affects the hormonal mechanisins responsible for the normal
establishment and maintenance of huteal tssue,

The progesterone secreted by the CL has many functions both before and
after ovulation and feruilizagon. It has been ably demonstrared by Australian
workers that the behavioural and vaginal responses of the ewe to cestradiol are
dependent upon a progesterone prinying regime {Moore, 1988); pretreatment
with progesterone is known to prevent a refractory state of responsiveness and
maintains the ewe in a state in which it is highly sensitive to minute quantities
of oestradiol,

Follicular phase
The follicular phase of the cycle is characterized by the growth and develop-
ment of ovarian follicles and by the decline in progesterone concentrations,
associated with the regression of the corpus huteum. There is unanimity among
reports showing that there is a precipitous decline in the circulatory levels of
progesterone at about day 15; this decline is associated with the abrupt
termination of the functional activity of the corpus luteum that occurs at the
end of the tuteal phase of the cycle.

It is believed that PGF,, is the luteolytic agent in the ewe, and that its
pulsatile secretion duving early luteolysis is dependent on the binding of
ovarian oxytocin to endometrial receprors (Flint and Sheldrick, 1983). PGF,,
secrefion starts as a series of small pulses around day 12/13 of the cycle and the
frequency of these pulses increases to reach a peak by the 14th day of the cycle.
It is believed that the sheep corpus luteum contains both high and low affinity
PGE,, receptors; activation of the high affinity receptors selectively releases
oxyiocin without any effect on progesterone secrerion while activation of the
iow affinity receptors increases luteal oxytocin seoretion and decreases luteal
progesterone secretion. It is believed that the inital PG release occurs in
response to elevated progesterone levels {for 7-10 davs) and the subsequent
release is associated with the decline in progesterone and rise io oestradiol
concentrations,

Oxytocin receptor concerdrations
The increase in the level of uterine oxytocin receptors that occurs at the end
of the luteal phase is of primary importance in determining whether the CL
regresses. Oestradiol and progesterone are known to have a conwolling
influence on the oxyrocin receptor concentration and the uterine PGE,
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response 1o oxviocin {Valletr e ol , 1990). During 2 normal oestrous cycle,
foliowing a peried of progesterone inhibinon, oestradiol stdmulates the
luteolytic mechanism by ensuring that the uterus responds to oxytocin with
increased PG secretion. A positive feedback loop is thought 1o exist between
luteal oxytocin and uterine PGF,, with each hormone stimulating the
secretion of the other. Stadies by Mann and Lamming (1995) indicate that
although lhuteal oxviocin does not provide the tigger for PG episodes, it does
appear to be involved in regulating the pattern of PG release.

Role of oestrogens in keeolysis

The effect of exogenous and endogenous oestrogen on the luteolvtic process
in the ewe has been demonstrated in various ways. Treatment of ewes with high
doses of cestradiol during the mid-luteal phase induced premature luteal
regression (Hixon and Flint, 1987). It has also been evident for some time, that
exogenous cestradiol given in appropriate doses will induce huteolysis when
given near the end of the cycle; the secretion of endogenous oestradiol starts
about 48h before the onset of cestrus. This agrees with evidence showing that
the destruction of ovarian follicles by X-irradiation prevented any increase in
oestrogen secretion and prevented luteal regression (Hansel, 1975). Results
reported by Beard and Lamming {1994) for ovariectomized ewes treated with
progesterone and oesiradiol have indicated that 2 high concentration of
oestradiol may be associated with a stronger and earlier luteolytic response.
This may have implications for the mated ewe in terms of the efficiency of
mechanisms for the maternal recognition of pregoancy.

First corpora futea

1t is now firmly established thar the first corpora lutea of the sheep’s breeding
season may regress prematurely. Studies at Nowmingham has shown that
progesterone pretreatment of the ovariectomized ewe alters the subsequent
steroid hormone conirol of oxytocin receptor concentrations and have identi-
fied delaved decline in oxviocin receptor concentration as the potential cause
of premarure luteolysis in ewes not pretreated with progesterone {Beard and
Hunter, 1994b). Work elsewhere by Morgan e al. (1993) has shown that
adequate progesterone exposure during the early to mid-luteal phase of the
sheep’s oestrous oycle is essential for initiation of ovarian-uterine mechanisms
that lead to huteolysis in ewes.

Apoptosis and luteal regression

Whatever the mechanisms involved in corpus luteum regression at the end of
the cycle, it is known that the plasma concentration of progesterone sinks
rapidly to a negligible value and that this remnains true during oestrus and unzil
the fresh corpus Jureum forms after ovulation; the extremely low basal
concentration of progesterone is believed to be of adrenal origin {Robertson,
19773, As observed by Auletta er ol (1994), the regressing corpus luteum of
the ewe displays an orderly series of morphological events bearing many
characteristics of apoptosis; these workers showed that apoptotic celis are
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clearly identifiable in the sheep CL and such evidence supporis the view that
apoptotic events are an integral component of the hateolvtic process,

2.2.3. Folliculogenesis and follicular dynamics

The ovaries of the ewe have two impormant functions, namely, the cyclic
production of fertilizable cocyies and the production of steroid and peptide
hormones that maintain the reproductive tracy;

' Foliiculogenesis
Follicle development in the ewe is a dynamic process and commences with the
growth of some of the follicles present in the primordial follicle reserve. These
are inactive primordial follicles that are formed during prenatal life. The
factors responsible for the stimulation of follicle growth are still not fully
understood {Cahill, 1984). However, it is clear thar the follicle reserve
continually supplies follicles throughout life or until the reserve has become
exhausted. The development from inactive to active primordial follicle ocours
at regular intervals and the follicles either marture and ovulate or undergo
atresia at some point along the way,

Some reports have estimated that follicular development, from resting
stage to preovulatory status, requires about six months, with 2-3 follicles
leaving the pool of resting follicles to begin growth ecach day (Cahill and
Mauleon, 1980}, The ovary of the ewe contains several hundred growiog
follicles, of which 1040 are visible on 15 surface (McNanty er af, 1982). An
average of 44 visible vesicular follicles at different stages was recorded by
Kaulfuss er ol (1994} during the oestrous cycle; in that work, the number of
follicles did not differ significantly berween the left and right ovaries. The
control mechanisms that allow only one or two of the developing follicles to
complete growth and ovulate at the end of each oestrous cycle have yet 1o be
ehacidated (Fig. 2.4). Studies in the USA by Murdoch (1995) indicate that
there is a progressive increase in the number of apoptotic cells in ovarian tissues
as ovulation approaches, which suggests that apoptosis may be a poteniial
determinant of ovulation in the ewe.

Role of IGF- and IGF-binding proteins
Changes in insulin-like growth factor-I (IGF-I} and 1GF-binding proteins
during follicular development in the ewe have been reported by various authors.
Changes in the profile of IGF-binding proteins have suggested that these
proteins may be an important regulator of IGF-{ action on cell proliferation and
steroidogenesis within the ovary (Khalid and Haresign, 1995).

Role of EGF and FGF
In Australiz, Scaramuzzi and Downing {1995) have reported evidence of
paracrine and autocrine effects of epidermal growth facror (EGF) and
fibroblast growth factor (FGF) on follicle and luteal function in the ewe.
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Fig. 2.4. Diagrarmnatic representation of an ovine preovidatory follicle (adapied from
Freeman and Bracegirdle, 19681,

Foliicular dynamics

It is now well accepied in cattle that growth of large vesicular follicles occurs
in two or three distinct waves during the oestrous cycle; each wave is
characterized by the simultaneous emergence of a cohort of follicles and the
gstablishment of a dominang follicle {DF) that continues to develop, while
apparently suppressing the growth of other follicles in the cohort Studies in
sheep in the 1960s and early 1970s led to the conclusion thar vesicular follicles
grow early in the cycle and then remain in the ovary to enlarge prior to
ovulation, or that there may be several phases of vesicular follicle growth during
the cycle (Smeaton and Robertson, 1971).

Studies reported by Driancourt er o/ (1990) confirmed that follicular
waves also occur in sheep by analysing the ovulatory response of ewss to
human chorionic gonadotrophin (hCG); whatever the physiological stage
(prepubertal, anoestrous, luteal phase), the proporton of ewes with
LH-sensitive follicles was high (> 80%), suggesting that waves of follicular
growth occur continuously in the ewe. As observed by Driancourt (1991), this
is in contrast to what is known o cccur in pigs and primates, where growth of
ovulatory follicles is apparently limited to the follicular phase of the cycle. The
implication is that mechanisms controlling follicular growth are different in
sheep and other farm ruminants {cattie and goats) from those operating in pigs.
In more recent times, Noel e al. (1993}, by way of daily laparoscopic
examinations, studied ovarian follicular dypamics in Suffolk ewes in Belghum
at different tirnes of the breeding season and during anoestrus; they recorded
three waves of follicle growth and atresia during the oestrous cycle {two waves
during the luteal phase; one wave during the follicular phase) and observed a
similar turnover of follicles during anoestrus.
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Folficular growth waves
Ovher studies in Belgium also recorded three waves of follicular growth and
airesia during the cycle, this time in work thar described the effects of an
exogenous progestagen (fluorogestone acetaie; FGA) and gonadotrophin
(PMIG) on follicular dynamics in sheep (Noel ez 2l , 1994). In Canada, Leyva
et al. (1995) used transrectal ulrasound o monitor ovarian activity and
ovulation in cyclic ewes and reported that most ewes (80%) showed three
follicular waves in a normal 17-day cycle; the last wave resulted in ovulation,
In data reported by Ravindra er ol (1994}, who emploved ultrasonic
scanning of the ovaries, significantly more vesicular follicles were observed
emerging from a pool (& 2mm diamerer) on days 2 and 11 than at other times
of the cvcle; the authors suggested that the two phases of follicle emergence
may be similar to the waves of growth found in cattle. Howeves, it did appear
that follicular dominance was a weak phenomenon in sheep compared with the
cow; support for this view also came from previous cobservations made by
Schrick ez gf (1993). In contrast 1o cartle, some authors have found no obvious
connection between follicle emergence and FSH secretion in the ewe (Ravin-
dra a7 al., 1994); on the other hand, others, such as Ginther ez ¢l {1995) have
reported evidence supporting a cause-and-effect reladonship between tran-
sient wncresses n FSH and follicle stimulation.

Emergence of dominant follicles
Sindies in Edinburgh by Souza er al. (1995) led them to conclude that the size
of vesicular follicles alone was not an adequate marker of follicle healih and
that the secretory status of the follicle must be taken into account in assessing
the dynamics of follicwar growth in sheep. These workers found clear evidence
of 2 wave-like pattern of oestradiol secretion over a period of 45 days. It is
clear that the development of Jarge vesicular follicles in the ewe is continuous
throughour its adult reproductive life; this includes the ewe anoestrus as well
as the normal breeding season. However, the fact that one of the key
determinants of follicular health is ability 1o secreie oestradiol, means that
ovary scanning alone may not necessarily reveal the full story of follicle
dominance, In the USA, Ginther e o/ (1995} have recorded that FSH
fluctuations {(an increase followed by a decrease) and the emergence of
follicular waves both occur at approximately 4-day intervals in sheep.

In France, Driancourt (1994) attempted to identify the mechanisms used
by follicles that are destined to establish dominance over other follicles in the
ovary. This worker concluded from his study that no berween-follicle inver-
action was detectable and no negative role of the dominant follicle in
differentiation of other follicles (measured by aromatase activity) could be
found.

Follicidar activity during anoestrus
in Canada, Bartlewski ez al. (199%) used ultrasonography o study follicular
dynainics in ewes during the mid-ancestrus period; they found that ovarian
follicles continued to develop, reaching diameters similar 1o those observed
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during normal cestrous oycles in the ewe. Results reported by Rublanes et ol
(1965 mdirectly support the view that waves of follicle development occur in
ewes during the sheep anoestrus by showing that, as in cattle, the presence of
2 large follicke (IDF) at the tme of gonadotrophin administration affects the
SUPersvilglory response.

2.2.4. Action of gonadotrophic hormones

It is the joint action of FSH and 1LH on the ovaries of the ewe that determines
the number of follicles that begin preovulatory development and which follicles
ovulare at the end of the osstrous cycle. Much more information has
accurnulated on the actions of LH than FSH over the past 25 years,

{Hlevels during the cydle

The concentration of LH in the blood of the ewe is determined by the
operation of two distinct systems; preovulatory LH in the female is controlled
by one group of neurons whereas a basal (tonic) secretion of LH is regulated
int borh sexes by neurcns in another part of the hypothalamus. In the sheep, the
tonic level of LH is apparently maintained in the face of luteal activity, whereas
the preovulatory surge is blocked by progesterone but released in response to
oestrogen at the time of oestrus (Goding et of, 1970). It has been suggested
by Whisnant and Goodman (1994) that the inhibitory influence of progester-
one on LH secretion is mediated largely via opioid neurons within the medial
basal hypothalamus.

As progesterone concentration decreases at the end of the cycle, tonic LH
leveis vise 1o reach values af least fivefold greater than the base-line by the time
of the coset of the preovularory LH surge. The rise in LH reflects an increase
in the frequency of pulsarile LH discharges and constitutes an increase in tonic
L.H secretion separate from the LH surge, The sustained increase in tonic LH,
covering a period of about 48h, is accompanied by a fivefold increase in
oestradiol secreted by the rapidly growing preovularory follicles in the ovaries,
It is this sudden increase in oestradiol that triggers the massive preovulatory
surge of LI and which, some hours earlier, resulted in the onset of oestrus (see
Fig. 2.5).

Oesiradiol and the GnRH surge
Results of studies by Moenter er @l {1990) have clearly demonstrated that
regardiess of season, a rise in oestradiol concentration to late follicular phase
fevels acts centrally upon the GnRH neurosecretory system to initiate a large
and abrupt release of GnRH coincident with the onset of the preovulatory LH
surge; these workers note that this increase in secretion is so pronounced that
it may be termed a GnRH surge. This surge is apparently in excess of what is
required o produce the LH surge (Bowen et al., 1995).

The preovulatory LH surge, which occurs in the early hours of the heat
period, iggers events in those follicles destined for ovulation at that oestrus
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Fig. 2.5. Diagrarmmatic representation of changes in hormone levels during the ewe’s
oestrous Cycle (after Hauger et al, 1977,

{see Table 2.1); among these events is the nuclear and cytoplasmic maturation
of the gocyte and rupture of the follicle. Such changes result in the conversion
of the follicle from a predominantly oestrogen-secreting 10 a progesterone-
secreting structure and the reprogramming of the cocyie to support both
fertilization and the early stages of embryonic developmeni.

LH surge and ovidation
Ovulation in the ewe occurs about 24h after 1.H release (Cumming e al.,
1971), which would agree with observations that this event generally coincides
with the end of heat (Parsons er al., 1967; Holst and Braden, 1972; Cumming
et al., 1973}, This timing also agrees with data on the occurrence of ovulation
after administering hCG in early oestrus (Dziuk, 1965) and with the times
recorded for the completion of nuclear maturation in the sheep cocyte cultured
1 varre (Crosby and Gordon, 1971),

G5
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Table 2.1 Compartmandal changes in praovulaiony follicles Induced by the LM swigs {from
Oshom and Moor, 1885),

Somatic compartment Germinal compartment
increase in follicular fuid volume Resumption of meiosis
Termporary increass and then inhibitlon of Changes i
androgen and pestrogen secretion membrane ransport
Stimulation of progasterone seorstion protein phosphorylation
Reduction in LH receptors on thecs and pattern of protein synithesis
granslosa oolls carbohydrate metabolism
Increased synthesis of prostaglanding PGF, Migration of cortical granules
and PGE, Hadistribution of mitochondria
Disaggregation of granuioss and cumulus Acquisition of developmental compeience
oslis

Control of toric LH kevels

Tt appears thar the oestrous oycle of the ewe s characierized by genuine
day-o-day varigtions in the concenteation of LH: as indicared in Fig. 2.5,
fevels ave relatively high during the first few days after the preovulatory surge,
decrease to & low point during the mid-hueal phase and then nse
progressively to a high concentration during the last day or two of the cvcle
{(Hauger er af., 1977},

Clestrogen effects
According to evidence provided by Goodman ez o (1980}, it is belioved that
oestradiol contributes 1o the determination of L levels in two ways; by acting
alone m the late cyele (follicular phase) in pardally suppressing ronic LH and
in the luteal phase by acting in concers with progesterone it conirolling LH.
These two effects of oestradiol; together with the known inhibitory effects of
progesterone on LH levels, would seem to account for the way in which tonic
LH & secreted during the sheep’s osstrous cycle (Karsh o7 o, 1984} 11 is
helieved that ovarian secredons other than oestradiol and progesierone play
little, if any, phyvsiclogically important role o controlling tonic LH in the ewe.
There is evidence to support the view thas during the pre-LE-surge period
in the ewe, oestradiol, in a dose-dependent manner, induces g gualitative
change in the pattern of GaRH release in addition 1o stimulating GnRH pulse
frequency and reducing pulse ampliude (Hvans o o, 1994, 1995). As
observed by Karsh {1995), the most siriking qualirative alteration is evident
during the preovulatory LH surge, when GnRH output increases massively but
not in a manney that is overtly episodic. It appears that around the onset of the
LH surge, significant secretion of GaRH begins o emerge between episodic
discharges. As the surge develops further, interpulse GoRI i greatly ang-
mented and sustsined, with vabaes in the pituitary portal blood remaining
continnously elevated for some hours after completion of the preovulatory LH
discharge. Although cestradiol is known to have powerful feedback actions at
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the level of the hypothalamus, GnRH neurons themselves do not contam
oestradiol receptors. The regulatory actions of cestradiol on GnRH secretion
appear 1o be indirect, being relayed to GuRH neurons via oestrogen sensitive
Mferneurons.

FSHtlevels during the cycle
As 1o the role of FSH during the cycle, it remains ill-defined at this time; the
factors controlling release of this hormone have vet 1o be fully understood. It
is known that the synthesis and secretion of FSH is stimulated by GnRH and
inhibited by ocestradiol and inhibin from the ovary. FSH assay srudies have
provided evidence of two different control mechanisms for FSH and LH
operating during the oestrous cycle; one control cenire, presumably acting via
hypothalamic releasing hormone, appears 1o regulate large sudden changes
that affect LH secretion more than FSH; the second control, presumably
acting by way of ovarian ocestrogen and inhibin, regulstes the gradual changes
that occur in FSH and LI levels in a similar way.

Secretion of FSH by the pituitary is under the dual inhibitory control of
oestradiol and inhibin, both of these hormones being synthesized by the
granutosa cells of large dominant follicles. The secretion of cestradiol is under
the acute stimulatory control of LH but it is evident from work in cyclic ewes
{McNeilly ez al., 1989) and sheep in anoestrus (Campbell ez al., 1989) that this
is not the mechanism coptrolling inhibin secretion.

Action of infibin
Results of work by Mann er o {1989} led them to conclude that, in the ewe,
large vesicular follicles are responsible for most, if nor all, the secretion of
inhibin by the ovary at all stages of the cestrous cvele, and thar the corpus
lureum secretes little or no inhibing they also concluded thay inhibin was
probably not responsible for the decline in FSH observed during the follicular
phase of the ewe’s cycle, oestradiol being more important in this aspect of FSH
regulation. The relative importance of whibio and cestradiol in congolling
FSH secretion during the follicular phase of the sheep’s cestrous cvcle was
examined by Campbell o1 g/ (1990a,b); they also concluded that oestradiol,
and not inhibin, is the major component of the inhibitory feedback loop
controfling the pattern of FSH secretion at this stage of the cycle.

A further report by Campbell ¢ al. (1891} led them to conclude that
inhibin is secreted by large oestrogenic follicies and also in appreciable
guantities by large non-oestrogenic and small follicles; they suggest that this
range of follicular inhibin sources may explain the lack of variation in inhibin
secretion at different stages of the oestrous cycle. There is strong evidence of
both autocrine and paracrine acdons of inhibin in enhancing gonadotrophin
stimulated steroid secretion by granulosa and thecal cells (Campbell and
Webb, 19953,
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Negative feedback actions of oestradiof and inhibin

Baird er ol {1991) have suggested thatr inhibin with its long half-life ses the
overall level of negative feedback, while oestradiol conmols the diurnal
fluctuations in the concentration of FSH, which determines the number of
ovulatory follicles. The number of large vesicular follicles in the ovaries is
controlled by the negative feedback of inhibin on FSH; the number of follicles
selected for ovalaton is simnilarly controlled by oestradiol.

FSH isoforms

Itis now clear that FSH, like many other protein hormones, consists of a family
of related isoforms characterized by differences in merabolic clearance rates
and biological activities. Studies reported by Padmanabhan (1995) have shown
major shifts in the distribution pattern of circulating FSH isoforms and an
associated increase in FSH bicactivity during experimentally-induced puberty
in sheep; studies characterizing FSH secretory patterns at the pituitary site
have shown that FSH s secreted in discrete pulses. In sheep, the changes in
plasma concentrations of FSH throughout the oestrous cycle relate to changes
in follicle activity, reflecting the ocutput of inhibin and cestradiol.

FSH and LH release patterns

In New Zealand, Phillips er ¢l (1994) determined bicactive FSH concentra-
tons during the sheep’s cycle and showed these to be elevated during and after
the preovulatory LH surge and to be significantly lower during the late-lutesal
to mud-follicular phases of the cycle compared with the mid-luteal phase. It is
evident that there are fundamental differences in release patterns between FSH
and LH. During the oestrous cycle of the ewe, up to 50% of the pituitary
content of FSH may be released each day, whereas only 1-5% of 1LH is
released, in the form of puises (McNeilly ¢ af., 1995). There 18 much
suggest that factors other than GnRH play an important role in conrrolling the
secretion of FSH. LH is known to be stored in secretory granules which are
released in response to pulses of GunRH; FSH, in contrast, iz released
episodically during the Iuteal phase, but such release is only partaily
dependent on GnRH stimulus (Van Cleef er al., 1995); other factors, which
may be pituitary or hypothalamic in origin, control FSH release, at a rate which
is closely related to the rate of synthesis. Much remains to be learnt abour the
nature of the mechanisims controlling the different pathways of gonadotrophin
release.

2.2.5. Oestrous activity in tropical sheep breeds

Various authors have reporied on oestrous activity in tropical breeds of sheep.
In Egypt, Abounl-Naga ¢r ol {1987) have demonstrated that the subtropical
Rahmani breed of ewe does not have g distinct period of acyclicity as in the
seasonal temperate breeds; about 33% of the ewes showed continuous ovarian
activity throughout the vear, whilst almost all ewes had periods of behavioural
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anoestrus. The average duration of the cestrous cycie in the Rahmani sheep
was 18 davs and about 93% of animals showed cycles of normal length
{16.5-19.5 davs). The characteristics of cestrus and ovalation 1o Awassi sheep
in Syria have been described by Kassem ¢ ol (1990); thev recorded average
cycle lengths of 16.4 and 17.4 days for ewe-lambs and ewes, respectively. In
Ethiopia, Mukasa-Mugerwa and Lahlou-Kassi (1995%) have reported on the
reproductive performance of Menz sheep; they note that 65% of the ewes
lambed three times in two years in a study of data covering a 7-year period.

2.2.6. Stress and oestrous activity

"The disruption of cestrous behaviour in ewes by management-related stress
was examined by Ehnert and Moberg (1991} in California. Isolation of a ewe
from other flock members induced significant increases in cordcosteroids and
blocked expression of oestrus in 33% of animals; 8h of ransportation similarly
increased corticosteroid concentrations and blocked cestrus in most animals,
Such results indicated that management-related stress can block cestrous
behaviour. The effect of wansport on LH surge release in ewes during the
follicular phase of the cycle was examined in 2 study reported by Phogat 22 ol
{1995} in the UK it was found that transport reduced the selfpriming effect
of GnRH on the pituitary and delayed the onset of the preovulatory LH surge.

2.3. The Breeding Season of the Ewe and Ram

Knowledge of the important bearing that seasonal changes in daviength has on
the behaviour and function of farm hivestock has been steadily accumulating
during the past 30 vears. In the 1920s, attention was first drawn to the
phenomenon of photoperiodism in plants, showing how their reproductive
phase may be related to length of day. In this same period, it was shown that
the annual rhyvthm of breeding in birds was not due to seasonal changes in
1emperature, as had been commonly accepted, but to changes in light, In the
1930s, investigations were extended to mammals; in the farming world,
attention was focused by the observation of Marshall (1937 that when Britsh
sheep were transported across the eguator from one hemisphere 1o another,
they finally altered by six months the time of the calendar vear at which they
breed, so conforming with the seasons in their new environment. This was
strong evidence that the seasonal nature of breeding in the ewe must be the
resuit of some environmental factor.

Later work, much of it in Cambridge, showed the factor 1o be daylength.
Ewes ztart to show breeding activity when days are shortening and are
somenmes termed ‘short-day breeders’ in contrast to farm species such as
horses and chickens, which would be termed ‘long-day breeders’. Other work
at Cambridge clearly demonstrated that the length of the breeding season
differs among breeds (Hafez, 1952}, In general, mountain and hill breeds {e.g.
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Blackface) have short seasons, wheress lowland breeds (e.g. Suffolks) have
longer seasons. '

Practical implications of sheep anoestrus

For the sheep farmer in Ireland and the UK, as well as in many other countries,
a major restriction 1o intensifying lamb production or otherwise improving
flock profitability may be bmposed by the seasonal anoestrus in the ewe, For
that reason, in the various attempis made 1o increase the productivity of sheep,
studies have been conducted fo determine how environmental and other
factors modify ovarian activity as assessed by different criteria. The general
view is that davlength is the predominant environmental factor regulating
breeding activity. There have been experiments reported by several workers
showing that decreasing dayviength promotes the onser of the sexual season
whereas increasing daviength is associated with the start of ancestrus. The
hormonal events which are responsible for the start and cessation of breeding
activity in the ewe have still 1o be fully elucidated, but much information has
accumulared in the past 25 vears, much of it due o the activites of Michigan
workers and their associates in other institutions (Karsh, 1984).

In Ireland, with the normal range of breeds used in commercial sheep
farraing, the breeding season has a duration of some six months, spanning the
period from September to the following March (Gordon, 1983}, The general
rule is that breeding seasons grow shorter if one goes north from Ireland and
grow longer as one approaches the equator. In Iceland, for example, Eldon
{1994) records the average onset of the breeding season in Icelandic sheep as
being 15 November and iis cessation on 20 February, a period of some three
months.

Factors regudating the season

Dealing with factors regulating the onset of the breeding season in sheep,
Malpaux et of. {1989 pur forward the following three conclusions, drawn from
their studics with Suffolk ewes in Michigan:

1. the lengthening photoperiod between the winter and summer solstices s
required for the occurrence of the breeding season in the autumn;

2. the dme of initial exposure to this lengthening photoperiod provides an
important cue for determining when the reproductive period occurs;

3. the time of onset of the breeding season does not depend upon the
decreasing photoperiod after the summer solstice, nor does it require the
phoroperiod to stop increasing as the summer solstice approaches,

According to the concepis advanced by these workers, there is a critical role for
increasing phoroperiod to indtiate a process in the late winter-spring which
ultimately leads 1o the start of the autumn breeding season. As observed by
Woodfill ez 2f. {1994), it is of interest that sheep, which are consistently exposed
1o photoperiodic information, appear 1o be dependent on the longer photo-
periods perceived during the spring/summer period to synchronize their
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endogenous circannual thydhm of reproductive newroendocrine acuvity; these
workers speculate thay such synchronization in the spring and sumumer in sheep
enguwes that they will be ready 1o mate in the autumn, aliowing the ewe to bear
her young at a beneficial time in the following spring.

2.3.1. Hormona evenis involved in the ewe anoestrus

The ewe in normal commercial sheep breeds in Ireland shows a clear non-
breeding season, whereas the ram remains capable of reproduction throughowt
the vear. Much more needs to be examined both in ewes and rams in order 1o
expiain why reproduction periodically halts in the ewe but continues without
interraption in the ram,

LH fevels in anoestrus
Dring the ewe anoestrus, iy is known thar ovarian follicles develop, produce
steroids and are capable of ovulsting many of the positive andd negative
feedback effects of ovarian steroids on secrenion of LH continue as in the
asutuzmn breeding season.

Hvidence reviewed by Legan and Karsh (1979) sugpesred that ancestrus
was not primarily 2 result of 2 deficiency in the LH surge mechanismm; neither
was it a result of the behavioural patterns exhibited at oestras nor due to an
absence of osstradiol production. The esserpial difference sppeared o be in
the lack of sustained Increase in vonic LH secretion which normally followed
the decrease of progesterone in the cyelic ewe,

Sensitivity o cestrogen
It has been suggested that seasonal anoestrus is a result of lightinduced
changes in the sensitivity of dhe hypothalamdic-pituitary axis to the negative
fredback action of ovarian steroids, Workers in Michigan suggesred that the
main change was an increased response to the negative feedback action of
oestradiol on tonic LH egan and Kassh, 1979). In agrecment with this,
results of & study by Sakurai er @/ {1995) have shown that sensitivity 1o the
negative feedback effects of vestradiol on secretion of gonadotrophins is most
marked in ewes during the non-breeding season; conversely, the stimulatory
effect of oestradiol on gonadowrophin secretion was most marked during the
breeding season.

According to the increased sensitivity o ocestrogen explanation, once the
iast corpus luteuwm of the breeding season starts to regress, tonic LH secretion
rises, leading to an increase in folliculsy vestradiol. However, unlike svents in
the cyclic ewe, this elevated oesivadiol inhibits secreton by s negative
feedback acrion, thereby preventing the normal occurrence of the sustained,
485 rises in tonic LB secretion. The Michigan workers have presenved
evidence showing that changess in the response of the hypothalamic-pituitary
gxis to this negative feedback actdon of vesiradiol bs governed with considerable
precision by the environmental photoperiod; short days were associaied with
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the breeding season and high tonic LH levels, long days with anoestrus and low
LH levels, even when artificial light regimes were completely onr-of-phase with
the natural environmental photoperiod.

Changes in LH pulse frequency

The ronic secretion of LH in the sheep is pulsatile and it is known that such
pulses occur more Reguently in the breeding season than they do during
anoestrus. These LH pulses are followed by corresponding pulses of ovarian
cestrogen and seasonal changes in the sensitivity of the hypothalamus to the
negarive feedback effects presumably Hmit the frequency of the LH pulses,
According to Brinkley (1981), for the ewe to pass from the anoestrous to the
cyclic condition, the Jonger intervals between the LH pulses have to shorten to
increase the growth of follicles and to aid in the production of oestradiol; the
oestrogen eventually triggers the release of the preovulatory LH surge and
ovulation occurs. Subsequently, the sequence of evenis necessary for a
succession of cestrous cycles is continued untl events once more alter the
frequency of the LH pulses and bring the breeding season to an end.

Although the seasonal changes in the feedback effects of oestradiol
observed by the Michigan workers may well occur, the precise relationship of
such changes to variations in the photoperiodic environment may vary
according to other factors. Studies with ewes born and reared under 3 24h
continuous light regimen have shown, in the presence of a ram, fairly reguolar
periods of sexual aciivity interspersed with periods of anoestrus {Robertson,
1977). It may be that there is an inherent physiological mechanism in the ewe
which creates a rhythmical psttern and that no one externa! factor, such as
photoperiodism, can completely control breeding activity without there being
some alternation between a sexual and non-sexusl season.

FSH and PRE levels

Although it is true that follicular development 1o the preovulatory stage is
arrested during the ewe ancestrus, studies have indicated that FSH levels are
not significanty different from those in the cyclic animal.

There have been reports showing thar anoestrus in the sheep is associated
with elevated levels of PRL. McNeilly and Land (1979) concluded that the
problem of anocestrus was basically a failure in the normal preovudatory
development of ovarian follicles due to inadequacies in the LH pulse frequency
rather than difficulties arising from prolactin.

First cycle of the breeding season

1t should be mentioned that at the start of the ewe’s breeding seasomn, it is ounly
after the end of the first ovarian cycle that behavioural cestrus is exhibited by
the sheep. The inital ovulations of the season, and the establishment of
corpora futea occur at a ‘silent” heat {Grant, 1933). It is now well accepted that
progesterone produced by these initial corpora lutea, play a crucial role in
sensitizing hypothalamic receptors so that the ewe becomes capable of
responding subsequently to the minute guantities of follicular oestrogen by
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exhibiting the hebavioursl symproms of cestrus. As previcusly noted, corpora
Iurea formed after the initdal ovulations of the breeding season often regress
prematurely 5--6 days after their formation (Oldbham and Marvin, 1978); such
regression is generally followed by further ovulations, usually without oestrus,
but the resulting corpora lutea persist for the normal period.

Seasonally anocestrous ewes can be induced to ovulate with multiple
injections of GnRH; however, a low proportion of ewes develop short lifespan
corpora lutea, which produce only a transient increase in progesterone
concentration before regressing prematurely (Southee er al, 1988). The
induction of these short lifespan corpora lutes has provided a useful model for
studving the causes of premature luteolysis, Stadies by Beard and Hunter
{1994a) have demonstrated that oestraciol plays a key regulatory role in the
control of funcdonal oxytocin receptors and the oocurrence of premature
huteolysis in GnREH-treated anoestrous ewes. These suthors belleve that
increased oestrogenic stimulation of the hnteolytic mechanism may be invelved
in the initiation of premature luteoiysis and thar an increase in oestradiol
receptors in ewes not prewreated with progesterone may increase the effective-
ness of any oestradiol available.

2.3.2. Endocrine events in the ram during the ewe anoestrus

Although there is ample evidence to show that Suffolk rams in Ireland and the
UK do not apparently sutfer from any obvious loss of libido nor any serious
reducton in fertility during the ewe anoesirus (Fig. 2.6), distine seasonal
changes in reproductive ability and bebaviour have been recorded in the
primitive Soay breed; such changes in the Scay can be related 1o specific
hormonal events which can be controlled hy way of the photoperiodic
environment {(Lincoln, 1976; Lincoln and Davidson, 1977; Lincoln e @i,
1977y,

Pufsatile release of LiH in the ram
In; the mature ram, L is released from the pitaitary in pulses that occur every
few hours at random throughout the day; in the peripheral circulation, this is
reflected in the form of ransitory surges in LEH concentration. This episodic
secretory pattern of LH develops at puberty and In Scay rams has been shown
to change in relation to the breeding season and to be capable of alteration by
manipulation of the photoperiod. Each pulse of LH is known to be related to
a corresponding episodic release of GnRH, which is presumed w be the resuit
of the agent being released from the GnRH secretory neurons,

As mentioned above, Soay rams show much more pronocunced seasonal
changes in reproductive ability compared with the normal commercial sheep
breeds, such as the Suffolk; this is reflected in the fact that the Soay’s restes
regress under normal daylengths to about 20% of their maximum size (Lincoln
et al., 1977). Bven in the Soay ram, as already noted for the female sheep, there
is evidence that an inherent reproductive cycle operates. Lincoln and Davidson



Fig. 2.6. Studies conducied infreland over 3 period of many vears have falled o provide
envitdence of serously reduced breeding performance in Suffoll rams during the surmmer

miwrths ~ although it s evidert that sorme sermen characteristics may be lower than those
recorded inihe full breeding season,

(1977 found it necessary 1o envisage the role of the photoperiod in sheep as
being 1o control the vdme of the sexual season rather thao to cause it w ocour,
Under normal ciroumstances, the stumujatory {autumn) and  iphibitory
(spring) effecrs of dayvlength would serve to align the breeding season o these
changes in the environment. Stodies have shown that testicular growth and
regression in the ram may ocour unider conditions of a constant photoperiod
(Howles er o, 1980},

PRI concentrations

In the ram, as in the gwe, conspicucus changes in the blood levels of prolactin
are known to occur during the yvear, the highest concentrations being evident
during the summer months and the lowest levels in the winter. The timings of
these seasonal changes can be readily modified by alteration of the photo-
period. There is some evidence thar daylength regimes that favour prolactin
secretion (long days) huave the reverse effect on gonadotrophin secretion
(Lincoln et <l, 1977). Under narural daylight conditions, therefore, the
implication is that there is an inverse relationship between prolactin levels and
the release of gonadotrophins. {n all of this, it is necessary to keep in mind that
the findings obtained in primitive sheep breeds such as the Soay may not
operate 0 the same extent in the improved mutton breeds which have been
selected over many generations, However, to those perusing the scientific
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Table 2.2 Seasonal variation in the total number of sperm per elaculate (from Smyth and
Gordon, 1867).

Total sperm ejaculated (x 10° per collection)

Breed Autumn Winter Spring Summer
Galway 3.78 3.65 301 2.48
Suffolk 384 3.47 2.51 1.69
Wickiow 3.58 3.32 1.62 1.98
Dorset Hom 4.10 3.94 3.22 3.0t

literature, the distinction between improved and unimproved sheep breeds
may not appesar to be as obvious as they are 1o those who practise commercial
sheep farming.

Seasonal changes in semen production
McKenzie and Terrill (1937) in the USA were among the first to report
seasonal varigtions both in the production and quality of ram semen. The
number of sperm ejaculated and the percentage of abnormal cells recorded
varied gccording to a definite seasonal pattern. The incidence of abnormal
sperm was highest and sperm density lowest during the warm summer months
in Missouri; similar results were to be found in the reports of other American
authors, but it may be as well to remember that in such instances the
temperature component of the envirenment may have been an importang
factor determining semen quality. Smyth and Gordon (1967), in an examina-
ton of semen production in various breeds of rams throughount the year,
certainly did find evidence of seasonal fluctuations (see Table 2.2), but these
were not such as to render the ram incapable of an acceptable breeding
performance in the spring and summer period.

In France, using tracer techniques, workers in the 1930s reported that in
the ram testes, the rate of division of primary spermatocytes and tme of
subsequent maturation were relatively unaffected by the photoperiod but that
the number of spermatids which survive the complete maturation was affected;
under conditions of increasing daylength, the failure rate in spermatids was
found to be high. Later studies by the same workers reported that a 12h
photoperiod provided the optimal short-term light stirnulus for spermatogene-
sis in the ram; it was evident, however, that the maintenance of constant
daylengths for periods up to 40 days resulted in a decline in sperm production
{Ortavant ez al., 1988).
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2.3.3. Management history and the breeding season

There may be commercial sheep farming circurnstances in which an attempt
is made to breed ewes towards the end of their nararal breeding season rather
than at the beginning. In the UK, for example, there are farmers who have
adopted May lambing {rather than February/March) in an effort to reduce
labour and feed cosis. Although much research has been devoted 1o methods
of advancing the breeding season of the ewe, much less is known about the
duration of the natural breeding season and how this may be influenced by
previous breeding management. Work with prolific sheep breeds has shown
that the lambing percentage declines after the winter solstice (21 December)
but ability to concelve is not affected. Studies at Aberdeen reporred by King
et al. (1993} showed that oestrous cycles have a tendency to become narurally
synchronized towards the end of the breeding season (March) without the use
of teaser rams or hormones; the observed seasonal decline in ovulation rate
may resudt in 4 lower lambing percentage, which iz one factor to be taken into
account i commercial practice. Other work at Aberdeen with Bluefaced
Leicester X Scotrish Blackface ewes reported by Mitchell 22 ol {1996) also
demonstrated a decline in ovulation rate during the latrer part of the breeding
season (February); this decrease was apparently independent of body condi-
tion.

2.3.4. Role of the ram in stimulating breeding activity in ewes

It has been known for the past 530 years that the unaccustomed presence of
rams can induce ovulation and hasten the start of breeding actvity in
anoestrous ewes. Shortly after their contact with rams, it s known that the
frequency of LH pulses in ewss increases {Martin e al., 1980} which results
in a preovulatory surge of LH occurring within 48h of the introduction of rams
{(Pearce and Oldharm, 1984). The induced ovuladon is not accompanied by
oestrus and it is evident that corpora hutea formed after ovulation often regress
premarurely (Oldham and Martin, 1978},

2.3.5. Role of the pineal and thyreid glands

Pineal gland

In the past 20 years, it has become clear that, at least in some mamimals, the
pineal gland is heavily involved in the regulation of photoperiodic responses
and that the indoleamine, melatonin, is the hormone responsible for transfer
of daylength information to the hypothalamic-pituitary axis (Arendt, 1986).
Numerous studies have reported evidence that melaronin is secreted during
the dark period of the day; its level is very low during the light period. The
duradon of the nocturnal increase in melatonin level may consdunute the
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message whereby the pineal medistes photoperiodic regulation of hormonal
secretion,

Whatever the mode of action of melstonin, its administraton, either by
infusion, ingestion, injection or by constant-release devices allows short days
10 be mimicked. In the UK, many studies have been conducted on the effect
of treating lowland ewes with melatonin on the time of mating and their
reproductive performance {Arendt ez of., 1983; Haresign, 1992a,b). Further
afield, in Greece, Laliotis and Vosniakou (1993) have carried out studies
showing that oral administration or imnplantation of melatonin at the end of the
sheep anoestrus, with or without oestrus synchronization treatment, brought
an earlier onset to the sheep breeding season. ’

Thyroid gland
Studies in the UK have shown that hypethyroidism affects reproductive
performance in sheep. It is now known that anoestrus in sheep is abolished by
removal of the thyroid gland (thyroidectomy). Folletr and Pors (1990) found
that the breeding season lasted an average of 122 days in hypothyroid ewes
compared with controls. It was concluded that hypothyroidism (induced by
feeding methyithiouracil) affected the development of the refractoriness that
rerminates the reproductive season in the sheep; these effects were similar to
those found after thyroidectomy, although less pronounced. In the USA,
results published by Moenter ez al. (1991} supported the view that the thyroid
is necessary for the seasonal neurcendocrine pulsatile LH release and thar
removal of the gland blocked seasonal suppression of reproductive activity in
swes.

Other work reported in thart same vear from Michigan tested the
hypothesis that the thyroid is required for the breeding season to end and thart
this effect was due to the secretion of thyroxine (Webster ¢r ol , 1991); results
lent further support to the concept that the thyroid gland plays a fundamental
role in seasonal reproduction in the ewe. In later studies at Michigan, Dahl ez
al. (1994) reported results suggesting that, in the absence of the thyroid gland,
the reproductive neuroendocrine axis is uncoupled from the phetoperiodic
influence between the pineal and the GnREH neurosecretory system. Further
work by Dahl ez al. (1995) led them 1o conclude that the seasonal increase in
circulating thyroid hormone in the ewe does not drive the transiton from the
breeding season to anoestrus. It is believed that thyroid hormones act
permissively to allow the neuroendocrine changes that lead to the seasonal
cessation of reproductive activity.
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Artificial Control of Oestrus
and Ovulation

3.1. introduction

Artempts to control the ccourrence of cestrus and ovulation in sheep, whether
in the full breeding season or in the ewe’s anoestrus, are usually based on trying
to simulate the activity of the cyclic sheep’s corpus luteum, especially its actdon
in producing progesterone in quantity for about two weeks and in shutting off
production sharply and completely at the end of the oestrous cycle. In most
out-of-season applications, it is also considered essential to augment the supply
of endogenous gonadotrophin by administering a follicle-stimulating prepara-
tion on completion of the progestagen treatinent, The cheapest, most readily
available and consistently effective gonadotrophin is pregnant mare serum
gonadotrophin (PMSG).

Up until 1964, most attempts at controlled breeding in sheep involved
repeated doses of progesterone or oral administrations of potent progestagens;
the tme and labour involved in giving these agents constituted a serious
obstacle to any general acceptance of the technigues into commercial sheep
farming. Some discussion of the bmitations of injection and oral methods has
been atrempted elsewhere (Gordon, 1971a, 1983); in brief, it is difficult to
achieve a smooth, steady input of progestagen or 1o obtain a sharp predictable
end-poiot by such procedures,

3.1.1. Development of intravaginal devices

Progestagen administration was eventually made commercially feasible by the
efforts of Robinson and his associates at Sydney (Robinson, 1964) using the
progestagen impregnated sponge inserted intravaginally. The subsequent
monograph by Robinson and co-workers contained an impressive analysis of
factors involved in oestrus control by progestagens (Robinson, 1967).
Although initial laboratory trials established that a high level of fertility was
possible in cyclic Merino ewes after inuavaginal treatment, the subsequent
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outcome of widespread testing in Australia was far from sausfactory. In
eetrospect, it now appears that much of the low ferddlity observed was the result
of the testing being carried our m severe drought vears, which markedly
influenced the nutridonal environment, It is also clear that sponges with less
than adequate doses of progestagen were used in many instances and semen for
the Al programme was often diluted 1o the Hmit (Robinson, 1974).

This Australian experience serves to illustrate the important principle that
congrolled reproduction rechnigues should only be applied in the appropriate
feeding, breeding and management setting. Cerizinly, in Ireland, and probably
glsewhere, because of these unforeseen problems associsted with the intra-
vaginal sponge technique, there was some tendency to dismiss the method as
being of Hetle commercial value, As subseguent events proved, this assessment
was premature, and the progestagen irapregnated sponge became the corner-
stone i almost all conwolled reproduction applicatons in France, Ireland, the
UK and many other countries. In the earlv 1980s, a silastic device {controlled
internal drug release, CIDR; AHI Plastc Mouldings) containing progesterone
was shown to be effective by New Zealand workers when used intravaginally
for the control of bestrus and ovulation.

3.2. Prostaglandin F,_ and Analogues

As already noted in Chaprer 2, there is ample evidence to show that during the
ovulatory cycle of the ewe, prostaglandin F, synthesized in and released from
the endometrinm of the uterus, causes regression of the corpus luteum. The
Hiterature available on the use of prostaglandins in cyclic sheep is much less
than that available for cattle. Part of this is due to the fact that PGs are not
relevant to controlled sheep reproduction daring the ancestrous period.

Natural vs. induced regression of corpora lutea
From some of the reports which appeared on the ultrastructure and function
of sheep corpora lutea in the normal cycle and after prostaglandin treatment
{Corteel, 1975; Stacey er al., 1976) there were indications that PG weatment
coutd have 2 very rapid and dramatic effect on steroid synthesis in the lutein
cell wheress normal luteolvsis would seem to involve more gradual regression
of the gland. This may have some relevance in expiaining the oesirous response
and fertility of sheep after this form of regtment; there is evidence that fertility
may be quite variable when sheep are bred after PG-induced oestrus
synchronization (Boland er al, 1978a,b).

3.2.1. Treatment protocols and PG dose levels

Early reports included those of Douglas and Ginther (1973) and Hawk {1973)
who showed that doses of 10-15mg PGF,, in a single intramuscular injection
could induce regression of the corpus luteum and result in the ocestrus control
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in cyclic sheep. Workers elsewhere have also shown that a dose of 100ug
{(Trowmson e al, 1976) or 125ug (Fairnie e o, 1976) of the analogue
cloprosteno! is simularly effective in inducing regression.

Responsive period

The corpus luteum of the ewe is only responsive to PG berween about day 4
and 14 of the oestrous cycle (Chamley er al, 1972); 1o ensure thar all sheep in
the flock are at an appropriate stage of the cycle to respond, the usual
recommendation has been that two PG doses should be given 9-14 days apart.
Reports in the 1970s showed that oestrus is exhibited about 40h after PG with
ovulation occurring about 70h from the time of administering the agent. It
need hardly be mentioned that PGs can only be effective in ewes that are
already cyclic; it 18 possible that in flocks to be bred in the early weeks of the
breeding season, this may not alwavs be the case,

Interval between PO doses

According to some reports in the 1870s, the time interval between the two PG
doses may influence ferdlity. In studies reported by Fairnie ez ol {1978) in
Awustralia, fertility in sheep reated with two doses of 1254g cloprosteno! at
12~day intervals was much lower than in other groups weared at 14-15-day
intervals. There was also an earlier report showing that very poor ferrility was
shown by ewes treated with two PO doses spaced 8 days apart compared with
a 14-day interval (Falende g7 of, 1977}, The Australian workers concloded that
the time interval between the two PG doses was critical and should not be
reduced 1o less than 1314 days, otherwise acceptable fertility to breeding by
Al may not be achieved. However, if 2 14-dav interval is used, then the
problemn may be that the wwo-dose PG application may not find all ewes
responsive 1o the second injection.

Dose levelks of PG
Studies in Ireland in the 1970s suggested thay, in comparison with the oestrous
response after progesiagen treatment in ewes, that which follows PG may be
markedly lower (Boland er 2l, 1978a,b), regardiess of whether PG was
sdministered at - or 14-day intervals. There has also been some evidence that
the oestrous response may be influenced by PG dose level. In Canada, studies
reported by Hacketr and Robertson (1980) showed that a dose of 20mg PGF,,,
induced oestrus in all shesp weated between day 4 and 15, whereas only 70%
responded when 15 mg was emploved; the same workers reported that 67% of
ewes lambed to narural service ar the synchronized oestrus, which was
comparable with the normal level of fertility expressed by these ewes. When the
natural PGF,,, agent is employed, the accepted luteolytic dose of 15myg is
about 60% of that required in the cow; using the cloprostenol analogue, 100ug
has been emploved as the huteolytic dose, which is only 20% of that employed
i the cow.

in South Africa, Grevling and Van der Westhuysen (1979) reported that
pestrus could be effectively synchronized by two doses of 250ug cloprostenc]
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given at a 10-day interval; lower doses of the apalogue (125ug) were often
insufficient ro induce complete luteolysis, as indicated by an inidal dechne
progesterone level followed by a gradual rise in the steroid, suggssung some
recovery of luteal function. This ability of the corpus lutewsn 1o ‘recover” after
PG had previously been recorded by Thorburn and Nichol xi 9713 The &mu&’;
Africans found that with 125 ug doses of cloprostenol, only about 80% of thely
ewes were in oestrus, as compared with 100% at the 250ug dose level

3.2.2. Fertility and ovulation rate

As already mentioned, variable fertility has been reported after the use of PG or
its analogues for the synchronization of oestrus; however, the trestment does not
appear to influence ovulation rate. Although some reports in the 1970z showed
htde evidence of any adverse effect on fertility afier the use of PG in ocsirus
synchronizaton, other results were not always reassuring, Auverealian dawa did
indicate that fertilization and lambing rates mav be depressed in ewes bred by Al
atthe PG controlled oestrus (Fairnde eral, 1976; Lightfoot eral , 1976).

In Ireland, comparisons berween PG- and progestagen-itreated ewes
showed a marked decrease in gestrus response after PG and poor fertilizy both
when natural service or Al was the merhod of breeding Jennings, 1975
Boland er o, 1978a,b). Unlike Australian experiences (Fukui and Roberts,
1977; Fairnie e al, 1978}, the work in Iveland showed lintle advantage n
emploving a long rather than a short time interval (314 vs. 9 days) bevwesn PG
doses. There has been some indicarion that PG weatment may influence the
efficiency of sperm transport in the ewe; studies in the USA by Hawk and
Contey (1975} did show some evidence of partial inhibition of sperm transport
in the cervix and of disturbed sperm movement in the oviducts, On the other
hand, there have been those whose experiences with PO in sheep led them to
maintain that fertility should not be adversely affected (Haresign, 1980},

The Irish experience, on the other hand, would be in accord with the
observations of Scaramuzzi and Martdn (1984), whoe noted that as an
alternative to progestagen svnchronization, PGs appear 1o have no real
advantages. It seems clear that in the comparative studies that hiave been made,
PGs have been shown to be less effective in synchronizing oestrus than
progestagen pessaries (Hackett ez &l., 1981; Acritopoulow-Pourcrov er al,
1982; Henderson e al., 1984). When PMSG was used in conjuncion with
synchronizing agents, an effect was evident in ewss treated with fluorogestone
acetate (FGA) sponges but not in sheep treated with PGF,_ {(Hacketr and
Hidirogiou, 1983).

200 &

3.2.3. Progestagen—~FPG combinations

One way of overcoming the need for two PG doses in oestrus synchronization
would be in using short-term progestagen treatmment prior to administering
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PG. In this contexy, the use of 7-9-day intravaginal progestagen freatments
with 15mg PGE,, at their withdrawal (Fukui and Roberts, 1979} or 31ug
cloprostenol {Greyling ez of., 1979) has been reported.

In Ireland, progestagen treatments as short as 4 days have been tested
{(Gordon, 1983). In Wales, Beck ez al. (1993) studied the effect of combiming 2
prostaglandin analogue with a 5-day progestagen treatment in synchronizing
oestrus in cyclic sheep. The studies were conducted over two breeding seasons
and 100% of ewes were mated by rams within a 3-day period. The authors
concluded that PG combined with progestagen in this way would produce levels
of oestrus synchronization and fertility comparable with other methods.
Obviously, with synchronization treatments spanning periods as short as 5 days,
there is a saving in time compared with some of the other options available.

3.3. Progestagens and a Standard Breeding Procedure

Progesterone and progestagens can be administered in several ways to sheep,
including injections, oral treatments, the use of implanis or by various
intravaginal devices. Some of the common progestagens and their synonyms
are given in Table 3.1,

3.3.1. The oral route

The highly porent progestagen, medroxyprogesterone acetate (MAP) was used
in sheep in the USA by several workers in the 1960s, the compound being
administered in daily oral doses (Bvans e of., 1962; Hinds ¢r o, 1964). In
Australia, Lindsay ez al {1967) used either 40 or 80mg doses of MAP per
sheep daily over a 16-day period and recorded oestrus in only 58% of cydlic
ewes after the treatment. Ia the 1970s, Norwegian workers used MAP in daily
doses of 50mg over a 10-day period and recorded 89% coming in oestrus
within six days and 74% of these becoming pregnant at the controlled hest

Tabie 3.1 Common progestagens and their synonyms.

Name Synonyms Fult name
Medroxyprogesterone  MAF, methyl 17¢-Acetony-6a-methyl
acetate aceloxyprogesterons, pregn-4-ene-3, 20-dione

Veramix, Repromix, Provera

Flurogestone acatate  FGA, Cronolons, 809880 17a-Acetoxy-8-fiuore-11 3-hydroxy
Chronogest, Synchero-mate pregn-4-ene-3, 20-dions

Norgestomet SC 21008 180-Acetoxy-113-methy! 15-nor
pregn-4-ene-3, 20-dione
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period (Velle and Helle, 1979); although the authors maintained that such
results were better than most after controlled breeding, including those after
using intravaginal sponges, the various considerations involved in oral dosing
(time, labour, cost) make such methods commercially impracticable. In
Ireland, for example, using the intravaginal sponge, 1t would not be uncommon
1o obtain an oestrous response in excess of 95% and conception rates in excess
of 75% in cyclic ewes in the breeding season (Govdon, 1983).

Use of melegestrol acetate in sheep
According to Umberger ¢r al. (1994), the decreasing size of the sheep industry
and the limited use of artificial inseminarion with sheep i the USA has
resulted in a reluctance on the part of manufacturers of synthetic progestagens
and suppliers of exogenous sources of gonadotrophins (PMSG) for oestrus
synchronization to make the substantial investment required for product
approval in that country. For that reason, products such as melengestrol
acetate (MGA), administered orally for suppressing oestrus in feedlot heifers,
have been used for the control of oestrus and ovulation in seasonally
anoestrous ewes (Safranski ez al, 1992; Umberger and Lewis, 1992; Jabbar o1
al., 1993}, The introduction of a preparation licenced for use in pigs (PG-600)
has provided a commercially available supply of PMSG (31l PG-600 contains
40010 PMSG + 20010 human choriondic gondatrophin (hCG)). A paper by
Umberger er al. (1994) reports on the use of MGA fed daily at the rate of
0.3 mg over 10 days with PG-600 given at treatment withdrawal. Although the
reasons for such ‘make-shift’ treatment arrangements might be under-
standable in the commercial context of sheep farming in the USA, they must
surely have little appeal to a wider audience.

3.3.2, implant treatments

An ahernative approach to the intravaginal route for sustained progestagen
administration in sheep is the use of the subcutanecus implant, the earliest
form of which was the silicone rubber progesterone-impregnated device
{Dziuk and Cook, 1966). Reports on the use of this implant (Sil-Estrus,
Abbotr; impregnated with 375mg progesterone) appeared in the 1970s from
workers in the USA and elsewhere, especially in Greece (Xenoulis eral., 1972).
The Greek workers observed that the use of these implants required greater
skill and experience than sponges. Working with the Sil-Estrus implants in
Ireland, it was not possible o maich the speed and simplicity of the
intravaginal sponge technique ((FReilly, 1972; Keane, 1974; Gordon,
1975a,b).

A subsequent approach took the form of a rnuch smaller implant designed
for use in the ear and impregnated with the potent progestagen, norgestomet.
However, results for the norgestomet ear-implant in Irish studies did not make
the device a realistic alternative to the infravaginal sponge (Boland et dl,
1979). Elsewhere, the 3mg norgestomet ear implant has been employed over
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a 10-day period, combined with an initial cestrogen/progestagen injection
{0.5myg oestradiol valerate + 1.5mg norgestomet), administered at mmplant
msertion (Spitzer and Carpenter, 1979); 95% of sheep were in cestrus within
five days and 2% of all ewes treated became pregnant at the controlled heat.

Implant vs. sponge comparisons

In Canada, Ainsworth and Wolynetz (1982) concluded that 3mg norgestomet
implants presented a useful and acceptable alternative to the 40mg FGA-~
impregnated sponge for the induction of a fertile synchronized oestrus in ewes,
However, they did siress thar further detailed and systematic studies were
required before the potendal and applicability of the implant treatment could
be realized. In more recent times, a2 comparison of implants (2mg norgesto-
met) and &0mg MAP sponges for out-of-season breeding in sheep was
reported by Tritschler er ol (1991} in Massachusetts; ewes were weated with
50010 PMSG st time of implant/pessary withdrawal. The authors found no
significant difference in osstrous response, pregnancy rate and litter size
between the two Tea0ments.

In the USA, because the Synchromate B (norgestomet ear implants)
weanment is Beenced for commercial use in oestrus synchronization in beef
cattle, it has been available for commercial use in out-of-season breeding in
sheep (Carpenter and Spitzer, 1981). As mentioned carlier, agents that are
routinely employed in oestrus control in sheep around the world (FGA; MAP;
IR are not available in the USA due 1o the costs involved in getting them
licensed. However, the 3mg norgestomet implant can be used in copjuncrion
with PG-600 at treatment withdrawal as one treatment option {Umberger ez
al., 19943,

3.3.3. Standard intravaginal sponge treatment

In considering the most appropriate hormonal technique for sheep fertility
control, it should be emphasized that this s but one of several elements
necessary for a successful mating response and lambing outcome. The basic
sponge technigue, as adopted in Ireland in the early 1970s, involved inura-
vaginal treatment for 12 days with a suitable progestagen, dusting the sponges
with an gppropriste antibiotic powder at insertion and administering
500-75010 PMSG by intramuscular injection at sponge withdrawal. This i
followed by introduction of sexually proven rams (1:10 ratio) 48h after
terminating treatment and running the sheep at pasture in groups not
exceeding 50 ewes and their five accompanying rams,

Such a technigue has been emploved in [reland in all months of the year,
and among ewes in ai} the different physiological states in which they are found
in pormal farm practice (prepubertal, anoestrous and cyclic). This is not the
same 28 saving that the controlled breeding technigue as described 15 equally
effective in all conditions, but simply that considerable data are available on the
level of respomse that may be expecred (see Table 3.2). In looking at these
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Table 3.2 Lambing sutcome in response o standard progestagen-PMSG treatment in
freland (from Gordon, 1983}

Season
Spring Summeay Autumn

Groups 83 £94 41
Ewes frealad 2508 21545 16800
in cestrus (%) 93.0 7.0 87.2
Ewaes lambing 871 13,785 1208
Conceptions (%) 370 66.0 778
Lambs bom 1375 22,398 2088
Lambs/conception 1.58 1.82 1.73
% Ewes pregnant (first cestrus) M7 84.0 75.4
% Ewes pregnant {first and

sacond oestrus) 350 79.8 80.5

figures, it should be borne in mind that spring-treated ewes would have lambs
at foot after 2 February/March lambing, summer-treated ewes would be dry
and anoestrous and autumn-treated sheep would be dry and cyclic.

3.3.4. Progestagens employed

Srudies in the 19605 and 1970s in Australia (Robinson, 1967), France {Colas,
1975) and Ireland (Gordon, 197523,b) led workers to agree that 2 high level of
progestagen, followed by its rapid withdrawal and adequate ovarian stimula-
don, i8 a necessary prerequisite for acceptable fertility in sheep. It is now well
accepted that only compounds with characteristics identical to progesterone,
especially in having a short duration of activity, are suitable (Robinson, 1982,
1988}. The Sydney group concentrated their efforts on one such compound
{(FGA) and large-scale French applications in controlled breeding have been
based on this progestagen.

In Ireland, as a result of many comparative studies, it became clear that
MAP at the 60mg dose level (Veramix sponge; Upjohn) could give equally
good results when natural service was the method of breeding (Gordon, 1974).
When FGA (30mg) and MAP (60mg) sponges were compared in ewes bred
by Al rather than natural service, a smalil but significant advantage in favour of
FGA was found; such data, based on the reduced sperm doses emploved in Al
may be taken as a more sensitive indicator of the progestagen’s effect on
fertility.
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3.3.5. Progestagen dose level and impregnation procedure

As well as the question of the particular progestagens that are to be regarded
as acceptable for intravaginal applications (FGA; MAP), there are two other
important consideranons: dose level of compound and method of impregna-
tion employed in the preparation of sponges. These questions are important
because of the need to maintain an appropriate concentration of progestagen
in the sheep’s circulation to mimic the action of the corpus luteum.

Robinson {1968} suggested that many of the progestagen dosages
employed to control cestrus prior to that time had probably been oo low to
duplicate fully the action of the natural corpus luteum. He drew attention to
evidence that a progestagen dose which will inhibit ovulation in the cyclic ewe
is lower than that required to condition for oestrus and that the dose required
for such conditioning is lower than that required for full fertility. This was a
view different to that previously expressed by Lamond (1964), who tended to
the view that optimatl fertility in synchronized sheep was likely to be associated
with minimal doses of progesterone.

Robinson ez ol {1968) reported that the rate of FGA absorption from the
intravaginal sponge could be significanily affected by the impregnation
procedure and by the inital dose of compound; absorption rate significanty
affected the percentage of ewes in oestrus and the number of sheep lambing 1o
service at the controlled heats. In Ireland, Gordon {1971b) reported that &
significantly higher mating response and lambing outcome resulted from
thorough dispersion of a 30mg dose of FGA in the sponge matrix; such
dispersion of the progestagen in fine crystal form presumably ensured a higher
uptake of the agent. The amount of FGA released from a sponge may be
derermined by impregnation procedure rather than by the actual dose
employed. It has been shown, for example, that sponges impregnated with a
15mg dose of FGA in a well-dispersed form can result in a significandy higher
conception rate than sponges carrying double that progestagen dose (30mg)
but with the compound poorly dispersed (Robinson er al., 1968).

FGA dose levels in sponges

As to the dose of FGA which can be regarded as optimal, the reports available
would suggest that it lies in the range of 20~40mg. Early work by Robinson er
al. (1967) showed a significant effect of FGA dose level on fertility over a dose
range of 5-20mg but littde effect between a 20mg and 40mg dose. French
workers using Al as the breeding method in ‘dry’ ewes recommended FGA
doses of 30mg in the seasonal anoestrus and 40mg in the breeding season
(Thimonier and Cognie, 1971; Colas er al, 1973) although the experimental
grounds for such recommendations were not apparent. In Ireland, Smith ez al.
{1981) were unable 1o establish a difference in lambing outcome between
30mg and 45mg of FGA when employed in cyclic ewes prior to breeding by
Al. Work with FGA in synchronizing cestrus in ewes in the UK has usually
been on the basis of 30myg doses (J.]. Robinson, 1974; Vipond and King,
1979); in Canada, 40mg doses were employed in various studies reported
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(Heanev ¢ al., 1980). In the USA, apparently as a requirement of the drug
regulatory agencies, the permissible dose of FGA was held at 20mg.

MAP-impregnated sponges
With reference to the alternative MAYP compound, work with sponges in the
1660s generally emploved 40mg or 60mg doses; the 60mg dose appears to
have been that adopted for commercial applications. A paper by Greyling er al.
{1994) deals with the use of different doses of MAP (30--60 mg) in sponges
applied 1o Merino ewes outside the normal breeding season. In the induction
of cestrus in Tuj sheep in Turkey during the non-breeding-season, the MAP
compound was employed in the 14-day intravaginal treatment period
{Bekyurek, 1994); the oestrous response was enhanced in this work by 5001U
of PMSG at sponge withdrawal.

3.3.6. Progesierone sponges

Much work was conducted in Ireland at one time using the natural steroid in
sponges, usually at dose levels of 5300mg or 1000mg (see Table 3.3). It was
found, i extensive field tials, that the 500mg sponge could be employved in
the induction of oestrus in the late stages of the non-breeding season (for early
famb production).

Progestagen without PMSG
Results achieved in the UK (Vipond and King, 1979) and m Ireland (Quirke,
1979} showed that a very high degree of control could be achieved over both
maring and lambing times merely by the use of progestagen sponges alone

Tabie 3.3 Rslative efficiency of progestagen and progesterons spongs treatments used in early
breeding trials {from Gordon, 1983).

60mg
Medroxyprogesterone  30mg 500mg 1000mg
acetate Cronolone Progesterone  Progesterone

Sheep 181 178 175 184
Pessary loss

{no.} - 1 -~ i3

(%} nit 0.58 nil 58
Sheep bred

{no.} 171 172 181 158

{%) 845 98.3 2.0 913
Ewes lambing {(no.} 129 125 108 113
Conception rate 754 72.3 67.7 71.5
Lambs born 210 187 175 161

Lambsfconception 1.83 1.58 1.60 142




a6 Chapter 3

during the breeding season. However, it is essential to ensure that progestagen
tregrments are not appled until it is certain thar the sheep in guestion are
showing spontaneous reproductive activity; this will vary with the breed or
cross of ewe and other factors, such as age, In Ireland, this means for Suffolk-
crosshreeds, not starting intravaginal treatment until at least the end of the first
week of August, for Galways, no earlier than mid-September and for Cheviots,
no carbier than Ocrober.

Cther considerations

The placement of the intravaginal sponge may affect the incidence of sponge
Inss, which in normal circumstances should not exceed 0.5%; it is imporiant
that the device is placed up against the cervix as deep in the vagina as possible.
Trusting of sponges with an antibiotic powder is recommended on the basis of
studies in Ireland Joyee and Gillespie, 1973). At withdrawal, there will be the
release of 3 sinall volume of thad; this is an accumnulation of vaginal fluid which
does nor interfere with the ewe’s welfare, nor does it affect fertility. Applicators
hould always be washed off after each sponge insertion. Sponges should never

8

be lubricated, as this can markedly influence their loss; ensure that the sponge
draw-strings are clearly visible.

The outcome of controlled breeding using the intravaginal sponge and
PMEG can be markedly influenced by the body condition and age of sheep,
and by the degree of stress (social or physical) to which the animals are exposed
sround the time of maring. These same factors are well enough recognized in
sheep fertlity under any circumstances; they apply to rams as well as ewes and
are smbraced by the term ‘stockmanship’. Ewes in the early months after
parrurition and those nursing lambs ave clearly in a category of their own and
require separate consideration.

Use of progestagen sponges in miking sheep

A paper by Karagiannidis (1993) in Greece notes that in that country ewes are
ofrenn svnchronized during lactation and that the milk is used for human
consumption. This author examined ewes treated with Veramix (60mg MAP)
and recorded that 0.08% of the MAP was excreted into the milk from the
moment of sponge insertion until 5 days after its removal; no attempt is made
o assess the implications of this in terms of human health. Large numbers of
dairy ewes are treated annually with progestagen-impregnated sponges in
countries such as France,

3.2.7. Conirolled internal drug releasing device

In the 1980s, trials were conducted in New Zealand and several other
countries, including Ireland, on the use of a controlled internal drug releasing
(CIDR) dispenser, an intravaginal device constructed of a progesterone-
impregnated silicone elastomere moulded over a nylon core. The CIDR was
developed in New Zealand as an intravaginal device for oestrus and ovulation
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Fig. 3.1, Plasma progesterone levels (:SEM) in spayed ewes before, during and after
treatment with CIDRs (from Alnsworth and Downey, 19861

control in sheep (Welch er gl , 1984). The CIDR is suitable for parous ewes and
ewe-lambs. Plasma progesterone level increases rapidly after insertion of the
device and reaches the highest concentration 3 days after insertion and then
decreases gradually (see Fig. 3.1).

Potential advantages of CIDRs
One incentive for work with CIDRs lies in the belief that it may prove simpler
1o gain clearance from drug regulatory authorities for progesterone-based
intravaginal devices, rather than for those based on the synthetic progestagens
(FGA; MAP;. A further point which is often emphasized is that withdrawal of
CIDRs 1s not accompanied by the fhid discharge seen at sponge withdrawal,
and for such reasons the CIDR is aesthetically more pleasant to handle than
a sponge (Carlson er al., 1989).

In New Zealand, Knight ez o/ (1988} compared the effects of using CIDRs
with progesterone sponges for the synchronization of oestrus in Romney ewes,
They record that ewes treated with CIDRs had an earlier onset of oestrus than
ewes treated with sponges. During the first 10 days afier treatment, fewer ewes
treated with CIDRs mated (87% vs. 94% in sponge-treated ewes); this
apparently was due to a higher loss rate of CIDRs (6.3%) compared with
sponges (0.8%). A report by Scott and Monigomery (1990} dealt with
ovulation rates of CIDR-synchronized ewes over the peak of the breeding
season in New Zealand; their results suggested that fluctuating ovulations did
not occur in CIDR-treated ewes in contrast to previous observations in
unsynchronized sheep.
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CIDR triak infrefand

In Ireland, Crosby e ol (1988) evaluated the use of four intravaginal
progestagen/progesterons treatments combined with varving PMSG dose
fevels in ancestrous and cyclic ewes and substantiated preliminary fadings
using large-scale field trials on commercial farms.

In one wial, these authors found that in anoestrous sheep, oestrous
response, ambing rate and Hiter size did not differ significantly among the four
intravaginal treatments {see Table 3.4); however, the percentage of ewes mated
and the lambing rate were significantdy lower in the progesterone-treated cyclic
sheep than in those receiving FGA or MAP.

In a second trial with ewes during late ancestrus/early breeding season, the
same authors recorded a significanr effect of intravaginal treatment on lambing
rate to first service {(sec Table 3.5); the difference was evident on all the 1en
farms participating in the study. It was concluded that the CIDR device was
effective in dealing with snoestrous ewes but could not maich the synthetc
progestagens in cyclic ewes. Further informaton on progestagen/progesierone
treatments, PMSG dose levels and mating management systems in anoestrous
sheep is given in a report by Crosby er gl (1981},

Table 3.4 Cestrous response and lambing culcome in relation in infravaginal treatment
emploved (from Crosby of af, 1988).

Annestius Cyelic
FG&  MAP PROG CIDR FGA  MAP PROG CIDR
Ewes treated 81 82 g2 62 25 25 25 25
% mated 98 97 g2 95 Hey az B4 a8
% larebing 74 a8 7o 20 88 80 &8 £6
Litter size 183 181 171 17 205 170 183 1T

Devices compared: FGA sponge; MAP sponge; 500mg progesterons sponge; CIDR.
Seasons compared: late anosstrus; normal breeding ssason,

Table 3.5 Oestrous response and lambing outcoms In ewes treaded with FGA sponges or
CIDFs in late anoestrus {from Crosby ef al 19881

Treatment FGA CIDR
No. present at lambing 403 403
% lambing (1st sarvics} 7712 85.7

Litter size 1.82 1.80
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CIDR studies in North Armerica
Studies reported by Ainsworth and Dewney (1986) from Canada led them
to the conclusion that a 12- or l4-day treatment with CIDR dispensers
presented a useful and acceptable alternative w the POGA-impregnated
sponge for the control and synchronization of the oestrous cycle of adulr
cyclic ewes. However, they note that data for the device were not available
over the range of enwvironmental and physiological conditions covered in
FGA sponge applications; they suggested that further more detailed and
systematic studies were required before the overall effectiveness of the CIDR
could be assessed.

In Minnesota, Hamra et ol {1986 used 12% and 9% CIDR dispensers
in ovariectomized sheep and recorded that they maintained higher
progesterone levels over a longer period than did progesterone-umpregnated
sponges; they reported the CIDRs to be easy to insert and that 87% were
retained. Qui-of-season fertlity trials, in which progesterone sponges and
CIDRs (type 8) were compared with 30mg FGA sponges, were reported
in a further paper by Hamra er af. (1989); the authors record in these tnals,
that the percentages of ewes that were bred and lambed tended ro favour
the FGA sponges over the progesterone devices. In the breeding season,
Carlson ez ol (1988) evaluated CIDR-S dispensers in terms of their ability
to produce a fertile, synchronized oestrus; following a 12-day treatment
period, they record that 91% of ewes were bred and 67% lambed in response
1o matings within five days. Such dara would be in agreement with CIDR
experiences in Ireland (see Table 3.5).

In more recent studies in Minnesota, Wheaton e o/, (1993}, again with
intact ewes, reported using CIDRs to synchronize oestrus in the breeding
season; 74% of treated ewes lambed within a 6-dav period and 20% lambed
16 days later. The same authors compared CIDRs with progesterone sponges,
both in combination with PMSG, for our-of-season breeding and reported
both treatments to be effective.

Elsewhere in the USA, Hunnicutt o1 &l (1995} note that oestrous
synchronization procedures available to them in that countrv have nof been
effective or cost-efficient enough for use by farmers who have large numbers
of sheep under range conditions. These authors tested the effectiveness of
CIDRs applied over a 12-day pertod and record that they outperformed
PGE,, treatment (two PG doses at an interval of 7 days) as a method of
synchronizing oestrus in mature range ewes. The CIDR at that time had not
been licensed for commercial use in the USA,

CHIRs in South Africa
A report by Greyling and Brink (1987) in South Africa compared MAP
sponges with CIDRs in mature Karakul ewes in the breeding season. They
record a higher incidence of loss with the CIDR (13.5% vs. 6.7%) and a
somewhat lower pregnancy rate (72.2% vs. 79.3%) but concluded that the
device warranied further research.
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Onset of cestrus after CIOR treatment

Most of the reports for CIDRs have shown an earlier onset of oestrus, relatve
to the time of withdrawing the device, than that found with progestagen
sponges. In New Zealand, for example, Smith er al. (1991a,b) dealing with
several thousand ewes, recorded that sheep treated with sponges had s
significantly longer (+8h) imterval to heat onset than those trested with
CIDRs; they cencluded thar this time variation was large enough to affect
conception rates when Al was carried out on a fixed-time basis. Other work in
New Zealand, reported by Shackell (1991), recorded that the tme from
intravaginal device withdrawal to oestrus was significantly shorter for CIDRs
{30h) than for MAP (42h) or FGA (40h); this earlier onset was associated with
an earlier preovulatory LH surge and time of ovularion. Studies reported by
Knight ¢z al. (1992) noted that the interval from CIDR removal to ovulation
was about 8h earlier in cyclic ewes intected with 40010 PMSG.

Re-use of CIDRs

The efficacy of used CIDR devices for synchronization of cestrus has been
examined by some workers. In one such study in New Zealand, groups of
sheep in each monih of the vear were treated for 14 days with CIDRs or a
CIDR that had been used for 14 days and washed (Smith ¢r al, 1991a,b); an
itgection of 40010 PMSG was given at time of CIDR withdrawal. The authors
found thar the incidence of oestrus was significantly higher for new CIDRs
{B8%) than for used devices (68.5%); pregnancy rate was also 7% higher with
new CIDRs. Various suthors have reported on the re-insertion of CIDRs inan
attempt to enhance pregnancy rates by providing additional progesterone in
sheep that are already bred. In Japan, for example, Fukw e ol (1994
re~-inserted CIDRs seven days after breeding and left them in place for 14 days;
they recorded no effect on pregnancy or lambing rates.

3.3.8. Oestrus synchronization of sheep in the tropics

The characteristics of oestrus and ovulation in Awassi sheep in Syria were
recorded afrer intravaginal progestagen trearment by Kassem er ol (1990},
Elsewhere, trials were conducted with ewes of several breeds by Godfrey er ol
(1995) on using cestrus synchronization procedures {CIDRs or PG injections)
in the tropics; the authors concluded that both these methods could be used
in sheep in the tropics without adversely affecting fertility.

3.4. The Use of PMSG in Conjunction with Intravaginal Progestagen
Treatment

As already mentioned, the intravaginal progestagen treatment alone (FGA;
MAP) is adequate in controlling oestrus among cyclic ewes in the full breeding
season {Robinson, 1988y, After progestagen withdrawal in such sheep, there
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presumably is a surge of gonadotrophin from the anterior pituitary sufificient
to initdate the sequence of hormonal events thar result in oestrus and ovulation.
However, for progestagen treatment to be effective in the induction of oestrus
inn the non-breeding season, there does need to be sufficient gonadotrophin
avaitlable to initate these preovulatory events snd this necessitates the
augmentation of endogenous gonadotrophin with some amount of exogenous
FSH; the usual agent used for this purpose is PMSG.

3.4.1. PMSG doses

Seversl considerations may influence the decision as to whether an FSH-type
preparation should be employed and, if emploved, the dose level and timing of
its administration. Although, 23 already mennoned, cyclic ewes can be
expected to come in oestrus shortly after progestagen withdrawal in the
absence of exogenous gonadotrophin, a low dose of PMSG (37311 can result
in a more predictable and precise synchronization of oestrus/ovulation, which
can have a favourable effect on the cutcome of set-timne Al applications {Colas
et al., 1973; Tennings and Quirke, 1976).

In certain breeds of sheep, PMSG can alse have the sdditional meric of
inducing a mild superovulatory response; there is evidence that PMSG can
bring the rwinning percentage of breeds characterized by low litter size up to
a more acceptable level (Gordon, 1975b). As 1o the choice of dose level of
gonadotrophin, this would appear to He within the range 375-7501U PMSG;
it is possible, however, to depress rather than enhance conception rate afier
progestagen-PMSG treatment in sheep by increasing the dose beyond a
certain point (Larson e al., 1970; Gordon, 1971b; Botha e of, 1975). It is
believed that overstimulating the ewe can mean 5-6 ova are shed which may
result in subsequent embryo mortality and the birth of a single lamb. In
Ireland, for example, Crosby er al. (1991) found that Increasing PMSG dose
from 300 to 10001U depressed Huter size (1.90 vs. 1.52) in progestagen-treated
cyclic sheep.

Although there is evidence in cvclic sheep thar superovulatory response
may be substantially increased when PMSG is given several days prior to
withdrawal of mntravaginally administered progestagen (Gordon, 19693a), this
does not necessarily apply to anocestrous ewes; Gordon (1969b) reported a
reduced ovulatory and oestrous response in sheep receiving 500IU PMSG
several days prior to progestagen withdrawal in the ewe anoestrus. On the
guestion of administering the gonadowophin, South African evidence has
shown that an intramuscular injecrion of PMSG resulied in a superovulatory
response more than double that observed after a subcutaneous dose (Boshoff
and Burger, 1973).

PMSG source
There have been occasions when the source of PMSG has been shown to have
an effect on the results of oestrus control measures. In Ireland, oestrus was
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syachronized in 2112 ewes with progestagen sponges (FGA/MAP) and doses
of 50010 PMSG using rwo different commercial preparations (Al-Kamali et
al., 1990); the authors recorded that PMSG source significantly affected
conception rate and litter size when the sheep were subsequently bred by Al
It is clearly necessary to have confidence in a PMSG preparation if optimal
results are to be obtained.

3.4.2. Refractoriness to PMSG

Over the vears, several workers have examined the question of possible
refractoriness in sheep to repeated doses of PMSG. Clearly, in some commer-
cial applicatdons {e.g. early lamb production), it may be expected that
individual ewes would be teated with PMSG on several occasions in the
course of their reproductive life. It has been shown in some studies, however,
that even after 17 injections of PMSG given 17 days apart, ewes did not show
evidence of refractoriness or the development of antibodies (Gherardi and
Lindsay, 1980). In the USA, Dickman er ol (1995} injected PMSG afrer
norgestomet implant reatment of ewes in three successive years and noted no
antibody production in the sheep.

3.4.3. Onset of oestrus affer progestagen—PMSG

Several facrors may influence the extent of the interval between the end of
progestagen treatment and the start of the controlled heat period; generally, it
is an inrerval of about 36h, although some ewes may be in cestrus as early as
24h or as late as 48h {(Gordon, 19753). The use of PMSG at progestagen
withdrawal will certainly shorten the interval to oestrus, as shown in South
African studies (Botha ez gf,, 1875).

There has even been some suggestion that the tme of day {moming or
evening) at which intravaginal sponges are removed may influence the interval
to oestrus: Robinson (1980) noted thar a divrnal pattern of mating was evident
in normal cyclic sheep and suggested that oestrus may be affected in some
similar way by the time of day when progestagen treatmment ceases. Elsewhere,
and this time with progesterone implants, it was reported that the time of day
of removing the implant in anoestrous ewes had an effect on the interval from
removal 1o the preovulatory LH surge (Cunningham ez al., 1977). In further
studies, Cunningham e &/ (1980) found that although there was a 12h
difference in the time of removing implants from ewes (17.30 vs. 05.30), the
rimes of matings differed by no more than 2h; the authors suggested that there
may be diurnal variations in the responsiveness of neural centres responsible
for cestrus. For those who may be considering the use of sheep Al on a fixed-
time basis, clearly it is important to have information about all factors that may
influence the time interval between progestagen-PMSG and oestrus/
ovulation.
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3.5. Rams and Mating Management

In commercial sheep farming in Ireland, ewes are normally bred by natural
service; the same is true in most other sheep-producing countries. As already
mentioned, the success or otherwise of controlled breeding in sheep is not
alone a question of influencing the reproductive processes in the ewe, The
outcome is also hkely to depend on the capability of the ram {activity and
semen guality). Part of the difficulty, in fact, is created in keeping weatment
procedure in ewes as simple as possible; 1o ensure this, the standard practice
involves the simultaneous insertion and removal of sponges in all the sheep
selected for treatment. This results in oestrus ocourring a1 the same time in
ewes, about 36h after progestagen withdrawsl. Such a synchronization of heat
periods can result in the ram being confronted with a situation radically
different from any that faces him in the normal course of events (Fig. 3.2).

3.5.1. Ram management praclices

Several factors are known 1o be important for successiul controlied breeding
by natural service in sheep. First and foremost, the ram should be in good
health, sexually experienced and possess a clear record of achievement in

Fig. 3.2, Ewesin oestrus after progestagen--PMSG pose novel problems for the ram.
Rams that are to be used in controfled matings should always be males that have
praviously worked well among sheep. Provided the testes and genitalia are normal there is
nothing o be gained by semen examinations unless these are carried out by someone
well experienced in this area.
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producing pregnancies in the natural breeding season. Ram fertility depends
directly on semen production rate, reserves and quality of sperm and upon
libido and mating competence. Portunately for those concerned with cestrus
control in sheep, the ram belongs to a species which s noted for its large
testicular size and high sperm-production rate. As noted by Harvey and May
(1989), the ram holds sperm reserves equivalent to about 95 ¢jaculates in
contrast to species such as the rabbit with reserves of about 30 and humans
with less than two.

Ram management procedures previously described in the 1960s (Gordon,
1963) suggested that progestagen-PMSG-synchronized ewes should be joined
with rams at the end of treatment, that sheep should be confined to small fields
or paddocks in the first few days after trearment, that a ram to ewe ratio of 1: 10
should be employed and that the size of the sheep groups should not exceed
30 ewes and their accompanying five rams.

Tirming of ram introduction

Towards the end of the 1960s, comparisons were made berween the standard
practice of introducing rams at progestagen withdrawal to an alternative
system in which ram introduction was delayed until 48h later; it appeared thar
conception rate could be improved at the controlled oestrus by this relanively
simple adjustment (Gordon, 1971a), Subsequent reports in Ireland by Jovee
{1972} and Boland and Gordon (1979) provided further evidence in support
of the finding (see Table 3.6). Elsewhere, Bryvant and Tomkins (1976) in the
K recorded observations that were not at variance with the Irish data.

Distribution of sperm doses

It should be mentioned that a substantial body of data had been collected in
the 1960s and 1970s on the tming of cestrus {onset and cessation) in
progestagen-PMSG treated sheep. In introducing rams at 48h it was known
that they were joining a group of ewes, most of which would be several hours
into oestrus {(Gordon, 1971ab). On the basis of well-established sheep
behavioural patterns, as reported by authors such as Hulet {1966}, in studies

Table 3.6 Effect of timing of ram introduction on the conception rate of FGA-PMSG-reated
ewes in late anoestrus (from Boland and Gordon, 1879).

Ram in at pessary Raminat 48h after
withdrawal pessary withdrawal
Shesp 79 80
Bred at induced veslrus 76 (96.2%) 77 (96.3%}
Conceptions at induced cestrus 30(39.5%) 52 (67.5%)
Larmbs bom 43{1.43} 80 (1.54}

Trials with 16 pens of sheep - 10 ewes and Suffolk ram per paddock {P < 0.01).
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in which rams were found to prefer breeding ewes fresh in oestrus and not
recently mated, it is to be expected that the initial ejaculates (with the highest
sperm doses) might be distributed more uniformly than in the usual ram
joining system, in which males may use up their sperm reserves unduly dealing
with the frst few ewes in oestrus in the group.

Changing conditions during oestrus
When ewes are perhaps 12 and more hours into the controlled oestrus before
mating takes place, conditions in the reproductive tract of the ewe may also be
more favourable to sperm transport/survival after the delayed introduction of
the ram. It is known, for instance, that the flow of cervical mucus can be
markedly influenced by progestagen treatment, and that this is probably a
consequence of changes in the way in which oestrogen is being produced
{Smith and Allison, 1971). It may be that a heavy flow of cervical mucus in the
early hours of vestrus may serve to dilute ram semen 1o the point at which it
is more difficult for an adeguate cervical population of sperm to become
established. It is known that the cervix is one of the sperm reservoirs in the ewe
{Matner, 1966) and it seers possible that factors that affect the retention and
survival of sperm in this site may influence fertility.

Mention should be made that mating in the late stages of cestrus may have
its own share of problems; Matmer and Braden (1969) and Killeen and Moore
(1970) showed that the efficiency of sperm transport declines inx the late stages
of the natural oestrus, This may be one of the sheep’s protective mechanisms
aimed ar preventing the fertilizaton of aged oocytes.

3.5.2 Fwe:ramratio

In regard to the ram : ewe ratio, this was held at 1:10 in most of the conmolled
breeding applications in Ireland in the 1960s and 1970s. For most flock
conditions, it would not be considered comumercially feasible to employ a ratio
less than this, although French workers recommended one ram for every five
ewes under some flock conditions (Colas er af., 1974) and Bryant and Tomkins
{197%) in the UK suggested that an individual ram should not be allowed to
serve more than six progestagen-treated ewes if high levels of ferrlity are
sought. There is much anecdotal evidence suggesting that results improve with
greater ram numbers, but convincing evidence is more difficult to find.

Some workers have demonsirated the possibility of employing a normal
ram : ewe ratio of 1 : 50 among synchronized sheep (Galindez er o, 1977);
however, this involves ‘staggering” both the start and termination of intra-
vaginal treatments and it would not be favoured by farmers anxious to have a
very compact lambing period.

One praciical problem which the 1:10 ram:ewe ratio raises is that of the
farmer finding enocugh rams to meer his needs. In Ireland, ram sharing
arrangements have been set up as the means of overcoming this difficulty in
some instances. In this, rams were moved to a farm a day or two before the ewes
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were due to be bred and worked away in the flock on the day of mating; with
such systems, the males can be emploved once weekly for a period of several
weeks.

3.5.3. Hand-mating techniques

Workers in the State research organization (Agricubtural Institute) in Ireland
concentrated time and sttention in ram management routines 1o be used in
association with controlled breeding (Jennings and Crowley, 1972; Jennings,
1976, 1977); the suggestion was made in several reports that near-normal
conception rates in progestagen-PMSBGetreated ewes may be achieved by
‘hand-mating’ ach ewe on one or two occasions during the controlied vestrus.
The Irish workers produced evidence indicating vhar substantial discrepancies
may exist between the number of synchronized ewes ‘marked’ by rams and the
number actually inseminated; it was suggesred thar much of the subfertility
recorded previously among progestagen-ireated sheep was a reflection of
inadequacies among the rams, either in libido or ferylity, in coping with a
situation in which a group of ewes are in cestrus simultancously.

Undoubiedly, there is some truth in this view, but it may not always be
glear what ‘hand-mating” may mean in terms of ram supply and in the dme and
labour involved in its applicason. Australian stud farmers accustomed to
breeding Merinos by hand-service regard the pracrce as expensive, time-
consuming and generally less effective in getting ewes pregoant than paddock
mating. Used with synchronized sheep which are housed and accustomed to
handling and with plenty of rams 1o choose from, the hand-mating sysiem can
be the means of inseminating larger than usual sperm doses into the ewe’s tract
at stated intervals during oestrus. In Scodand, J.J. Robigson {1974), in his
intensive lamb producdon studies at the Rowett Research Institute, achieved
excellent conception rates in Finn x Dorser crossbreds afier two ‘hand-
matings’ during the synchronized oestrus with an interval of 12h separating the
WO Services.

With ewes and rams gocustomed (o pastoral conditions, it becomes a
matter of establishing clearly just how far the lambing outcome can be
improved beyond that found in unsupervised mating systems and whether this
justifies the time and lsbour invelved in its application. In fact, evidence
reported by Joyce (1972) made it clear that when rams are kept away from ewes
until 48h after terminating cestrus control treatments, paddock matings
resulted in conception rates equal 1o those achieved by a “hand-mating’ routine
{one hand-service at 48h and ewes thereafter exposed to rams in the fieid). o
more recent dmes, Crosby e al (1991) examined the effect of mating
management systems (hand or paddock mating) in breeding progestagen/
progesterone-PMSG-treated ewes in late anoestrus; they record that mating
method did not affect the percentage of ewes mating or lambing, although
there were indications that paddock mating resulted in & higher litter size.
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3.5.4. Other considerations

Of the several possible methods that are commercially available for the control
of oestrus and ovulation in the sheep, the intravaginal sponge (impregnated
with FGA or MAP) or CIDR are the simplest to apply; indeed, these
rreatments can be handled by the farmer after a minimum of training.
Alternatives such as the implantation method, using the norgestomet ear-
implant, may not have this same advantage. Other agents, such as prosta-
giandin F,_, and its analogues, have probably even less appeal, on the basis of
the variable ferdlity data which is associated with them.

Rarns and fertifization rates
There & ample evidence to show thar any subfertlity associared with
progestagen treatment in sheep is probably the result of a failure in the
fertilization process rather than anvthing else; this failure stems from some
mnpairment of normal transport and survival of sperm in the cranial part of the
cerviz (Robinson, 1973). For such reasons, fertilization failure can possibly be
avoided in ceriain ewe categories (dry” anoestrous and “dry’ cvclic sheep) by
emploving a much larger than usual number of sperm, whether by delaying
ram introduction untl 48h, using 1 “hand-mating’ routine or an appropriate Al
procedure. In considering ram management routines, it may be relevant 1o
guestion whether ‘hand-mating’ under certain conditions may constitute an
additional siress factor which may reduce rather than enhance conception at
the synchronized ocestrus; it is possible that with cermzin flock conditions or
perhaps with some ewes and rams, the application of the ‘hand-mating’
rechnique may be counter-productive. Similar argumenys could be used with
reference to Al carried out under condidons in which ewes are subjected to
unusual stresses and strains,

3.5.5. Irish rams in controlled breeding

It should be noted that the Irish results for ram performance in synchronized
sheep flocks relate mainly to males of the Suffolk breed, the predominant fat-
lamb sires in the country. They also relate to those rams that are known to have
previously ‘worked’ satsfactorily in flocks. As mentioned at several points
previously, it would appear that Suffolks and rams of other breeds in Ireland
produce semen apparently of good guality {see Table 3.7), and maintain their
sex drive at a high level throughout the vear. This is not to say that the most
intense sexual activity and highest quality semen is not to be found in the
autumn season, but there is no evidence that serious ram inadequacies occur
in the ewe anoestrus comparable to those recorded elsewhere (Colas er af,
1974: Colas, 1979).
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Table 3.7 Effsctof season on the iIncidence of sperm abnormaiities in Texel rams (from Gordon,

19683},
Morphologically abnormal sperm
Secondary (%)
Mo of
Season coligctions Primary (%} Free heads Bent tails Total
Winter 43 .18 2.24 (.30 2.54
Spring 41 .21 2.96 0.48 342
Summer 42 N 2.29 0.20 2.48
Autumn 44 N 157 0.14 1.71
Totals 170 (.10 228 0.29 258

French workers have reporiad a significantly higher proportion of sscondary sperm abnormalities
{espacially sperm showing the cytoplasmic droplet in the distal position) among He-de-France rams
when daylight increased than when it decreased (22% vs. 10%).

3.6. Compactness of Lambings

The spplication of controlled reproduction, when ewes in the flock are bred
on the one day, can mean that op to 80% of lambs born in the flock are
produced within a period of little more than a week, thus giving an extremely
compact lambing. As mentioned previously, the sheep which can be expected
1o give the most compact lambings, on 2 flock basis, are Bkely 1o be those
belonging to highly prolific breeds thar usually have a high conception rate
1o first service.

Compact lambings can have several advantages, especially in flocks of ess
than 100 ewes where the hours spent atiending ewes can be literaily halved and
the potential for saving lambs around the time of birth can be increased. Atan
earlier stage, of course, scanning by wlirasound for identifying ewes with singles
and multiples is that much easier in flocks where ewes are at similar and
accurately known stages of pregnancy. A compact rather than a protracted
lambing also ensures that supplementary meal feeding can be more accurately
tmed according 1o the stage of pregnancy, producing at time of birth a2 more
even-sized batch of lambs. The cross-fostering of lambs at birth is made much
easier than ususl and management of lambs for clostridial disease control and
castration/tail-docking can be carried out at optimumn times. Advantages carry
on through until markedng, when the lambs for sale are likely to be ready at
much the same time,

Other advantages of compactness

Sheep farmers in Ireland traditionsily join rams with the ewe flock for a
6--B-week period during the autumn breeding season, a practice which may
often result in a very prowmacted lambing sesson. For thar reason, the
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concentration of both mating and lambing into 2 short and prediciable period
has several advantages, over and sbove those already mentioned. A fore-
knowledge of the matng and lambing dates can permit economies in feed
requirernenis, both at “flushing’ in the aurumn marting period and during the
supplementary period prior to lambing; parturition in ewes can be supervised
more closely and optimum use made of overnight housing and shelier, thereby
assisting in reducing lamb losses.
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Fixed-Time Sheep Artificial
Insemination

4.1. Introduction

Artificial insemination (Al) of sheep has been applied most extensively in the
former Soviet Union and associated countries of Eastern Europe where the
technigue has been used on a vast scale {Ozin, 1968; Jheltobruch, 1979).
However, the sheep Al procedure as emploved in the former USSR involved
the use of teaser rams 10 detect those sheep in cestrus and inseminating each
ewe as she exhibited ber natural heat period; most ewes have been bred using
3.05ml of undiluted semen within 20 min of raking the collection from the
ram. Such a system wouwld not have been practicable but for the large-flock
conditions that existed in the former USSR which permitted an acceptable
number of ewes 10 be available for insemination on a daily basis.

For such reasons, the application of sheep Al in Ireland and many other
countries was, until the 1970s, confined 1o experimental work. For any serious
thonght of applying Al under the same flock conditions of Ireland, it is
essential that any need for oestrus detection be eliminated and thar all
mermbers of the flock or selecred group be inseminated at a pre-determined
hour.

Much valuable information on Al in sheep is to be found in the excellent
book of Bvans and Maxwell (1987).

4.1.1. Advantages of sheep Al

Artificial insemination could offer the sheep farmer three possible advantages
over natural service in controlied breeding applications: it could be used 1o
overcome the nead to gather a bunch of rams 1o meet the 1:10 ram : ewe ratio,
to avoid instances of poor conception rates in sheep arising from ram
subfertility and it could bave merit in making rams of superior genetic merit
freely available to farmers. There is also the important possibility of employing
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sheep Al in breeding improvement programmes In order to identfy the
genetically superior sires (sec Fig. 4.1).

In Ireland, as in many other countries, breed improvement s effected by
what is done in the pedigree flocks where the pure-bred sires are produced for
sale to the commercial flock-owners. Any improvement that is achieved in the
pedigree flocks will eventually be reflected in the guality of the commercial
sheep populadon. However, if there is lirtle improvement i the quality of
pedigree stock, there can be little movement in the commercial flocks using
rams from such sources. There are many ways in which Al can play a valuable
role in the progeny testing of rams.

Faster progress in improving genetic quality required
The desirability of achieving faster progress in improving the genetic gquality in
sheep in New Zealand has been discussed by Gretton {1992). This author
studied production parameters of the New Zealand sheep flock between 1950
and 1980 showing that during this period lambing percentages changed from
05.6% to 98%, average wool vield from 5.1 10 5.2kg and lamb carcass weight
from 16.0 to 13.7kg; failure to fully udlize the available genenic technigues is
identified as the cause for this slow rate of change. The application of progeny
testing of rams, using sive referencing, and other means of improving genetic
gquality are examined by the author. It should be noted thet sire referencing

Padigree . .
Hocks - "~

tmported "Lw.,
fams Lcem?g?

%I T&pﬁ_s&‘ \ l,/ Top 5% /j

Performance g’fc;ii@ﬂ? /“
; es /
testing | group e ’“‘L?* Base and
/ finkage rams

fs'

e
~
Fatl lamb P
producers{+”

Present structure

————— The role 1o be played by Al

Fig. 4.1. Diagrammatic representation of a proposed breeding and testing systei for the
use of Alin Suffolk ram breeding (from Smith, 1977).
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technigques are used to esrablish an overall breeding value ranking of the rams
being rested in a number of separate flocks.

A report by Hanrahan (1995) in the Irish Republic presented results of an
evalugtion of ‘commercial’ (i.e. non-pedigree) Suffolk rams and ‘superior’ (Le.
those. chosen by top pedigree breeders) used as terminal sires in lamb
production; the author found essentially no difference between the two ram
categories, in terms of progeny growth rate. The author suggests that pedigree
breeders need to examine critically their present breeding policies and
implement more effective improvement programmes. Artificial insemination
coulkd be the means of implementing such programmes. In France, for
example, where it is estimated that well in excess of 700,000 ewes are bred
annually by fixed-time Al {Mesnil du Buisson, 1994), the technigue is
employed to the greatest extent in the milking Lacaune breed, very much with
a view to making the greatest use of the superior sires that have been identified
by progeny testing through the use of AL

4.1.2. Al and conception rates

As well as making genetically desirable rams available, sheep Al should also be
capable of establishing pregnancies in sheep as readily as when rams are
emploved in breeding by narral service. Certainly, if the technigue is 1o be
widely used in commercial practice, the cost and labour nvolved in its
application can only be justified if there is 3 consistent and scceptably high
conception rate 1o the Al service. However, Al is not @ magic wand thar can
be waved over the flock; it does have technicsl problems of its own (especially
storage and dilution of semen) and there is the important question of cost.
Untl the 1970s, concepion rates with Al in sheep after controlied breeding
procedures were quite unacceptable in the great majority of reports.

4.2. Progestagen—PMSG Techniques

French investigators were the first to develop sausfactory semen handling
procedures and ro show that it was possible to achieve acceptable conception
rates, using the intravaginal sponge and pregnant mare serum gonadotrophin
(PMSG) to control ovulation, and a two-dose insemination technique (Colas,
1975, 1879). In their work, there was no attempt to detect oestrus and the
fming of the two inseminarions was based on progestagen withdrawal rather
than on the time of cestrus onser; the times chosen were 50 and 60h after
terminating freatment.,

In using Al after the progestagen—-PMSG technique, it was known that the
oestrus control measures could be appled without reducing the ewe’s fertility
to any great extent. Although the studies of the 1960s had shown that pre-
trearment of ewes with progestagens could result in an impairment of sperm
transport with a consequent reduction in fertility {Quinlivan and Robinson,



Fixpdd Time Shesp Artifichl nserrdnation 119

1669), later studies showed that this need not alwayvs be so (Allison and
Robinson, 1970): it was 2 matter of the particular physiological state of the ewe
at time of weament. Applying an optimal conmrolled breeding technigue to
cveclic ewes in the autumn breeding season could result in ewes exhibiting a
degree of fertlity much the same as that shown by untreated sheep.

4.2.1. Irish efforts in sheep Al

In Ireland, farm applications of Al were first attempiad in the early 1970s,
using the semen processing techniques described by Colas ez 4l (1968) as the
basis of the work. The sheep Al application involved two inseminations, each
of 200 million sperm in 0.2m! volume, with an interval of 10-14h separating
the two sperm doses. Smith er ol (1977a) used fluorogestone acetate (FGA)-
PMSG 1o contrel oestrus in 853 cyclic sheep, the ewes being either narurally
mated or artificially inseminated (see Table 4.1). There was no significant
difference between the two breeding methods in the pumber of sheep
conceiving 1o first service (Al, 70%; natural service, 75.5%); these results were
comparable with those reported elsewhere for a double insernination proce-
dure. Thus, French siudies reported average concepiion raies varying from
60.5% to 73% (Colas e af., 1968; Colas, 1975); in the UK, the Meat and
Livestock Commission in their field trials, tavolving 1000 sheep reated with
medroxyprogesterone acetate (MAP)-PMSG, reported conception rates rang-
ing from 52% to 78%, with an overall average of 39% {Anon, 1978).

4.2.2. Progestagen and PMSG

Oral progestagens
Some studies siill report the use of Al in conjuncron with the oral dosing of
sheep with progestagens. In Mexico, Quispe er ol (1994} synchronized 540
cyclic ewes with melengestrol acetate (MGA) given at the level of 0.22mg daily

Table 4.1, Effoct of PMSG dose level on lambing outcoms in ewes concsiving at the controled
pestrus (from Smith ef al 1877a).

Litter size

PMBG  No. Ewes Lambs Lambs
Breeding method {1}y ewes 1 2 4+ lambing (%) bom ewe

a3

Astificiad 378 244 70 8 10 1 146 (882 234 160
insemination 750 210 48 77 20 § 18t (719y 287 189
Natural 375 214 15 B0 V7 2 188 (72 277 177
Service 780 215 45 83 30 10 188 (781 343 204
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for two weeks, with the ewes being inseminated with fresh or frozen semen at
the first or second oestrus. Artificial insemination after oestrus detection
during the controlled oestrus resulted in a substantial decrease in fertility using
fresh (28% vs. 80% in untreated controls) and frozen semen (12% vs. 28%).
The authors note that the detrimental effect of MGA on fertility could be
partially offset by programming the breeding period to start on the second
oestrus post-treatment. For good fertility after breeding at the progestagen
controlled oestrus, regard 1o the type of progestagen used and the dose of
PMSG associated with it are of paramount importance,

Progestagen sponges

In Ireland, several trials have been conducted in examining the effect of PMSG
dose level and the particular progestagen emploved in the intravaginal sponge.
Such studies have shown a small but significant difference in conception rate
to Al in favour of FGA (30mg dose level) when compared with MAP (60mg
dose level) and no material improvement in conception rate when 750IU
rather than 37510 was the gonadotrophin dose level emploved (Smith ef al.,
1681). Further work reported by Al-Kamali er o/, (19920} found FGA and MAP
sponges to be equally effective (Table 4.2). These data are of some interest, in
view of the facr that most French efforis in sheep Al are apparently based on
the use of sponge pessaries impregnated with 30-40myg FGA (Colas, 1975,
1976 whereas efforts in the UK by the Meat and Livestock Commussion and
in sheep Al work in Ieeland were usually based on the 60mg MAP intravaginal
sponge {(Barlow er o, 1974; Dyrmundsson, 1977).

Need for PMSG
The importance of using PMSG in conjunction with intravaginal FGA in
improving the precision of ovulation was mentioned by Canadian workers

Table 4.2. Lambing outcome in relation 1o progestagen employed {(all sheep received 500U
PMSG at spongs withdrawal} (from Al-Kamali ef al, 1880}

Progestagen FGA MAP
No. ewes treated 878 1176
No. ewes lambed 628 848
No. lambs bomn 1157 11580

% ewes lambing 718 719
Lambs bom per ewe lambing 1.80 1.80
% ewes with singles 382 34.7
% ewes with twins 48.8 50.3
% ewes with iriplels or more 16.0 15.0
Lambs per 100 ewes traated 131 131

FGA: fluorogestons acelate.
MAP: medroxyprogasterone aceiate.
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{Langford and Hacketr, 1980; Langford, 1982); they also reporied that very
low doses of serum gonadomophin (150-300I0) were effeciive in thelr
particular sheep breeds. Those who have compared PM3G with human
chorionic gonadotrophin (hCQG), have clearly shown serum gonadotrophia to
be the appropriate preparation, In Brazil, for example, Perrenoud er o (19913
used 12-14-day wreatments with 50mg MAP sponges followed by either 30010
of PMSG or hCG at sponge withdrawal. Sheep were inseminsted at 51-60hb
after sponge withdrawal; of ewes injected with PMSG, 73% did not return w0
oestrus versus 34% of those injected with hCG.

4.3. Collection and Preparation of Semen for Set-Time Al

Remarks in this section are based on experiences in Irelsnd in operating 2
small-scale sheep Al service for sheep farmers over a period of some years. This
involved the collection and preparation of semen during most months of the
year, but especially in the aurumn season, when most inseminations on farms
were conducted (Fig. 4.2,

According to workers in the Mear and Livestock Commission in the UK,
although it is possible 1o collect acceptable semen ejaculates From rams of
British breeds throughout the vear (Anon, 1982), semen production ;
highest between Seprember and January (ejaculate volume for Suffolk ramn
1.1mb and lowest between January and June (vohune = 0.8mi).

Fig. 4.2, Sheep Al service for making avallable Texel rams in irefand.
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4.3.1. Semen collection

Rams should be carefully trained for semen collection by the artificial vaging.
Most rams can be readily wained, using ‘teaser’ ewes that have been ardficially
induced 1o show ocestrus (spaved ewes treated with intvavaginal progestagen
and a dose of 25-50ug oestradiol benzoate at sponge withdrawal). A method
for markedly prolonging oestrus in intact ewes has been described by Lewis
and Goebel (1993); this involved injections of zeranol which doubled the
length of oestrus, both in ewes showing spontaneous or progestagen-regulared
oestrus. Ram training takes between one and two weeks during the normal
breeding season. It is important that rams are not excited and become used 1o
the semen collector’s presence. There have been some reports emphasizing the
importance of preparing rams for the breeding season. In Russia, German
(1988) recorded a pregnancy percentage of 66.4 in Karakul ewes inseminated
with semen from prepared rams in contrast to 20.9 for those not prepared. The
preparation procedure took the form of collecting from rams 2--3 times daily
for three weeks before the Al season.

Teaser ewe effects
Various methods may be employed to increase sperm output per collection in
rams. In Ireland, for example, McGrath er @, {1979) showed that the presence
of an oestrous rather than a non-oestrous teaser ewe significantly increased
total sperm numbers collected by 17% (see Table 4.3); a beneficial effect was
also gained by exposing rams to the sight of collections being taken from their
companions. Work elsewhere has shown that testcular function may be
enhanced under certain conditions if rams are constantly kept in close
proximity to oestrous ewes (Sanford and Yarney, 1980). There is ample
evidence to show that the artificial vagina, rather than electro-ejaculation, is
the preferred method of collection for semen destined for use in Al (Memon
and O, 1981).

In passing, it might be mentioned that studies in the USA have shown that
removal of the fliform appendage increases semen collection efficiency in rams

Table 4.3, Effect of vesirous teaser on total sperm cutput in rams {from McGrath ef 8/, 1978},

QOestrous teaser Non-ocestrous teaser
Rams
Total sperm output Totai sperm output
Breed No. {sperm/ejaculate x 10%) {sperm/ejaculate x 10%)
Suffolk {53 210 1.85
Texel 5 1.63 1.23
Dorset Hom 5 229 202

Total {15} 2.01 1.70
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without affeciing semen quality (Thomas 2 af., 1991). Back in Bakewell’s day
in the cighteenth century, master breeders ampurated the filiform appendage
{‘worming the ram’) before puring spare rams in the market in the belief that
this rendered them sterile,

Semen doses
Inwork in Ireland, the usual procedure is to take one or rwo collections per day
from each ram during the working week (Monday-Friday) and to provide the
males with a 2-day rest pericd over the weekend; ar this rate of semen
collection, it is possible to plan on each ram providing 30 semen doses per week
{400--500 million sperm per dose) for just as long as the Al season lasts.
Elsewhere, semen collection studies in the UK carried out with Suffolk rams
by the Meat and Livestock Commission showed them to be capable of
producing some 220 semen doses weekly during the breeding season as
compared with only about 50 doses in the ewe anoestrus (Anon, 1978); this
1s some measure of semen production as between autumn and spring.

As mentioned elsewhere, French workers have reported that ram semen
collected in the spring contains a significantly higher incidence of morpho-
iogically abnormal sperm than that collected in the avtumn and have suggested
that this may markedly influence fertility of the males (Colas, 1979, 1983);
these studies were with He-de-France rams and it is not always clear how far
these findings apply to other breeds. Certainly, in Ireland, there has been no
evident increase in the morphological abnormalides in the semen produced by
rams in the spring.

4.3.2. Preparation and processing of semen

In operating an Al service in Ireland, semen was collected from rams and used
to inseminate ewes within 6h; only those rams vielding elaculares of high
quality were allowed to contribute to the dav’s Al programme. The guality of
semen was assessed on the basis of motility, concentraton and morphology of
the sperm. Modlity of sperm, or wave motion as occurs in undiluted semen
under low-power microscopy, was described by a grade (0 = no wave motion;
5 = very fast moving waves). Smith er ol (1979} used semen samples with a
wave-motion grading of 3.0 or above in their Al work; this involved rejection
of about 20% of samples collected from Suffolk, Texel and Dorset Horns in
their programume.

Pooled semen and mik divent
Pooled semen (at least three rams contributing) was extended in a skim-milk
diluens, the formulation being based on that described in the report of Colas
er al. (1968). Most diluents for ram semen have either egg volk or mitk or a
combination of the two as a basic ingredient. The reconstitured skim-milk
diluent was heated (92°C for 10min) to inactivate a spermicidal factor
(lactenin) present in the protein fraction of the milk before adding trace
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amounts of anribiotics and other agents (penicillin, streptomycin, sulphanila-
mide, catalase). Semen was then diluted to provide a standard sperm density
of 2000 million per m! and the dilured semen cooled from 30 to 15°C over a
30-min period before being loaded into 0.25mli capacity Cassou straws and
packed into vacuum coniainers for transportation to the farm. A storage
temperature of 15°C was maintained up to the time of carrying out the
inseminations on the farm.

EBlsewhere, Canadian workers reported using skim-milk and adjusting the
sperm density to a value of 900 million sperm ml™; a 0.5ml volume of diluted
semen was emploved to provide a sperm dose of 450 million for insemination
(Langford and Hackett, 1980). The influence of storage time and temperature
on the fertility of rams was reported by Langford and Fisher (1980); at sperm
doses of 450 million in 0.5ml, storage at 4°C allowed semen to be kept for 24h
without reducing fertility, whereas at 15°C, fertility decreased markedly when
storage tme exceeded 6h,

When ram semen is preserved in the non-frozen state, the protective
properiies of diluents depend very much on temperature and duration of
storage. At 15°C, and for a short storage period, reconstituted cow’s skimmed
milk is regarded as more efficient than egg-yolk-based media (Colas, 1983); at
4°C, the reverse is true. For that reason, skim-milk diluents should not be used
in cooling ram sperm down 1o 4°C,

4.3.3. One vs. two inseminations

An impormant advance in the development of a commercially acceptable sheep
Al technique came by way of reducing from two inseminations to g single one
in suitable categories of sheep (Colas, 1979; Smith 27 ol, 1978). In adopting
this simplification, however, it was apparently necessary for ewes fo be
inseminated with the same total sperm numbers (400-300 million) as
emploved with the two-insemination procedure {2 x 200 million or more).
Dara from some of the Irish attempts to simplify procedures are given in Table
4.4,

In regard to insemination timing, it proved to be a question of using the

Table 4.4. Efect of sperm doses on outcome of sheep Al {from Gordon, 1983).

First services only
Sperm
Ewesto lambs Conception  Litler doses
Seasen Al Lambed  bom rate (%) size {million)
if 5072 3461 6171 68.2 1.78 2% 200
Autumn bresding season % 398 250 458 63.2 1.82 1% 200-300
Vo478 354 60 740 170 1x400
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Table 4.5. Lambing cutcome 1o sheep Al with Texel ram semen in counties Roscommon and
Wesdord {single inseminations) {from Gordon, 1983}

Eweslambing o Al

Sheepio Lambs Conceplions
County Year Al Lambed bom to Al Litter sizs
1980 758 581 1023 73.9% 1.82
Roscommon 1981 630 485 808 72.8% 174
1980 428 329 650 70.3% 1.91
Waxtord 1981 265 183 388 69.1% 1.94
Totals - 2145 1538 2838 71.7% 1.85

figure mid-way between the two times previously emploved (making it 35-57h
afier progestagen-PMSG for most single-dose Al techniques). In Ireland,
experimental results were borne out in subsequent farm applications in which
conception rates of 70% have been achieved after breeding cyclic ewes at 56h
after progestagen withdrawal (see Table 4.5).

Simpilification of the Al technique to a single insemination greatly eased
the cost and labour involved in applying this breeding procedure on the farm
and opened the way to greater exploitation of Al in sheep breeding unprove-
ment programmes. In the Irish experience, the denser semen (2000 million per
mi) emploved in single inseminations has a shorier storage fife in the 0.25 straw
than the semen previously emploved in double inseminatons (1000 million
ml™*); to meet this difficulty, a 6h rather than a 12h storage period was
adopred.

The timing of Al, when two inseminations have been emploved after
progestagen-PMSG treatment, differed in 2 minor way from country to
countrv. French workers inseminated ewes at 50 and 60h after sponge
withdrawa!l whereas workers in the UK inseminated at 48 and 58 (McClelland
and Quirke, 1971) or 48 and 64h (Barlow er &/, 1974). In Ireland, rwo variants
were employed in timing double inseminations. In one system, the first
insemination was timed for 09.00h and the second for 19.00h; this was on the
second day after sponge withdrawal (i.e. at 48 and 58h). The alternartive to this
was a system where the first insemination was at 19.00 on the second day and
the final one at 09.00h on the third day (48 and 62h). The percentage of ewes
conceiving after Al was much the same in the two systerns (Smith er al,
1977b).

fnsemination and ovulation
As already mentioned, much is konown about the timing of oestrus and
ovulation after progestagen-PMSG weatment in sheep in Ireland. It is usual
for oestrus to commence about 36h after sponge withdrawal, for the heat
period to be about 36h in length and for ovulation to occur about 70h or so
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afrer progestagen withdrawal (Boland er o, 1978). Thus, a single insemination
at 56h should permit sperm 1o be available in the reproductive tract for some
hours before ovulation.

For ease of applying the Al technique on the farm, there would be much
in favour of carrying out insemination at 48 rather than 56h. In the Al service
operated in Ireland in the 1970s and 1980s, progestagen sponges were
withdrawn at 08.0Ch 1o permir a 16.00 insemination two days later. In view of
evidence showing that ovulation in FGA/MAP-treated ewes occurs about 70h
after sponge removal (Boland er o, 1978), carrving out the insemination at
48h would not seem appropriate, although such timing would greatly facilitate
the planning of on-farm operations.

Elsewhere, with different breeds and conditions, it should be noted that
there may be considerable variation from flock 1 flock in fertility results after
Al In France, Maurel 7 ol (1992) used ELISA kits to detect LH pesks in the
milk of two sheep breeds receiving FGA-PMSG treatment; they detected an
earlier occurrence of the LH peak in Manech ewes than in Lacaune sheep
which could explain fertility differences. These suthors suggested thay the LH
kit could be g useful and stmple 1ool in desling with some infertility problems,
especially in investigating the timing of ovulation in different sheep breeds after
oestrus control. In Australia, using 30mg FGA sponges and 4001TU PMSG at
their removal, Maxwell {19862 recorded the median time of ovalaton as
being 58.7h after pessary withdrawal.

Sheep Al by way of traveling rams

In the UK, albeit on a very limited scale, some farmaers have provided a fresh
semen Al service from rams in the top 5% of rams in sire reference schemes
in that country. This involves transporiing rams and equipment 1o commercial
flocks where ram isolation pens, semen collection facilities and insemination
stalls are set up. Semen is collected from rams about six times a day and diluted
with an equal volume of skim-milk for immediarte use in Al For insemination
of progestagen-PMSG-treated ewes, 2 0.1ml volume of semen is empioyed.
Under such an arrangement, it is possible for g ram to produce enough semen
for 100 ewes and mere. Although excellent conception rates to Al have been
claimed (75%), in view of remarks made elsewhere about possible adverse
effects of stress in the handling and insemination of sheep, it would not be
surprising if the travelling vam Al system ran inwo difficulties on that score
under some farm conditions.

4.3.4. Use of controlled internal drug releasing dispensers

As mentioned elsewhere, the CTDR is a nylon core over which a progesterone
containing medical elastomere is moulded. Inidal work in New Zealand
employed CIDRs containing 12% (0.5g) of progesterone, but trials showed
that the steroid level could be reduced w 9% (0.38g) and this is the
progesterone content of the devices that are available commercially. A report
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by Harvey ez al. {1984) used CIDRs without PMSG in synchronizing oestrus
in cyclic ewes for Al results indicated that a higher conception rate might be
achieved by inseminating after oestrus detection rather than by way of a fixed~
time schedule. As mentioned earhier, PMEG has been regarded as essential for
fixed-time Al systems,

In Japan, Fukui er al. (1993a) reported on conception rates by fixed-time
Al with frozen semen in seasonally anoestrous cwes treated with MAP-
impregnated pessaries or CIDRs. An injection of PMSG was given the day
prior to removal of the intravaginal devices and Al was intrauterine with the aid
of laparoscopy. The time of onset of oestrus was significantly earlier for sheep
rreated with the CIDRs than with the sponges (24.9 vs. 30.0h). Results
indicated that the optimum time for intrauterine insemination is different for
the two devices.

Other work by this author and co-workers examined the effects of self-
made progesterone (500mg) sponges and CIDRs when used in anoestrous
ewes that were inseminated 44--52h after trestment using a laparoscope (Fukui
et al., 1993h). There was no significant difference in lambing outcome between
the two intravaginal treatments. A semen dose (0.05ml) containing 36 million
sperm resulted in more than 60% of CIDR-treated ewes lambing by inwa-
uterine insemination with frozen-thawed semen.

A study by McMillan (1994) in New Zealand attempted to identify some
of the factors (PMSG, time of year, ewe body weight) influencing the interval
to oestrus following CIDR treamment. It was concluded thar the actual tming
of Al to achieve near maximum fertility is dependent on the average interval
to oestrus in a given flock. If this is unknown, the ‘universal’ timing for a single
fized-time Al during the breeding season is 42-46h after CIDR removal.

4.4. Insemination Procedures

In cervical sheep Al because of the type of cervical canal found in this species,
semen can only be deposited inside the cervix or into its first fold. As well as
that limitatdon, the retention capacity of the ovine cervix is very low, only
0.1-0.2m!. One major difficulty with fixed-time Al procedures is the fact that
a very large sperm dose is required {400-500 million total sperm in one or two
inserninations), and this has to be given in as low a volume as possible. In
normal Al, as employed, for example, in the former USSR, the sperm dose was
of the order of 120-150 million. In Austrslia, various workers have shown in
AT studies that something of the order of 120 million sperm could be regarded
as the minimal sperm dose for acceptable conception rates in spontaneously
ovulating cvclic sheep.

Fixed-time Al applications in France and Ireland has involved using the
Cassou sheep inseminating gun to deposit semen in the first fold of the cervix
{Colas, 1975; Gordon, 1975). Artempts were made by Smith er al. {1978} in
Ireland, using a specially designed insemination instrument, to deposit semen
deeper than usual in the cervical folds but this significantly depressed rather
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than enhanced the conception rate. However, it should be noted that work
elsewhere with Bozen-thawed semen recorded evidence of an improvement in
concepton rates with increased depth of deposition in the cervix {(Eppleston
er af., 16047,

4.4. 1. Inseminator effects

As in cattle, the ability of the inseminator can have a marked effect on the
outcome of sheep Al this has been recorded in France (Aguer and Le Provost,
1976) and elsewhere {(Gordon and Crosby, 1980; Schakell et al., 1990). In the
UK., izl were conducted on the possibility of suitably trained farm staff
carrying out inseminarions with semen supplied from a central ram stud
{(Anon, 1978}, Working with 444 MAP-PMSG-reated ewes and using semen
stored for up 1o 8h, the average concepton rate achieved by farm staff as
nseminators was 53% compared with 66% for professional inseminators. The
work did show, however, that in certain instances, farm staff were as capable
as the professional inseminators.

4.4.2. Hestealning ewes

Work i Ireland showed that sheep-handiing facilities on the farm need not be
elaborate; the usual method employed for restraining was to hold the ewe over
g steaw bale (Fig. 4.3); an alterngtive method is shown in Fig. 4.4. The actual
inserminanon. although requiring some degree of skill and experience on the
part of the operator, generally occupied less than one min per animal.
Bfficiency in locating the mouth of the cervix may vary with the ewe’s
reproductive history {parous/non-parous) and the equipment used. In the Irish
experience, it was regarded as essential that ewes for Al were handled as gently
as possible at the thme of insemination and the flock as a whole was never
subjected 1o any unnecessary agitarion (barking dogs and such). French
experience sppeaved to agree with this and workers in that country suggested
that the group awaidng insemination should not exceed 40-50, no matter how
many sheep sre 1o be dealt with (Aguer and Le Provost, 1976). This group size
phenomenon is presumably a measure of the agitation which may arise among
mdividual sheep i they are constantly being disturbed as members of a larger
group.

4.4.3. Stress and sheep Al

‘There is evidence that ewes subjected to relatively short-term nutritional or
handling stress around the tdme of mating can show markedly reduced fertility,
whether this stems from problems that interfere with fertilization or from a
highsr than usual loss of embryos in the early weeks of pregnancy (Guno and
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Fig. 4.3. Standard method adopted for restraining the ewe for Al using the straw bale.
Among the various considerations in sheep Als the amount of time and laboir involved
in carrying out the actual inserination. What Is needed is a simple straightiorward
method of restraint, which involves a minimum of discomiort to the ewe — and which is
capable of permitting a rapid throughput of sheep. Every effort should be taken to
prevent undue agitation of the ewes around the time of Al — on the understanding that
such care will assist the fertifzation process.

Doney, 1975; Doney ez al, 1976). It has always been a rule, with controlled
breeding technigues in Ireland, that farmers should handle the ewes {(and
rams) with the minimum of disturbance sround the time of oestrus; the
observance of this principle probably becomes all the more irnportant when
breeding sheep by Al rather than natural service.

Robinson {1973) was one worker who noted that the passage of sperm
through the ewe’s cervix may be impaired in stressed sheep; such stress could
arise from having ewes in unfamiliar surroundings, the presence of dogs and
even the act of inseminadion itself. Manipulations of the cervix to collect mucus
in progestagen—-PMSG-treated sheep bred by Al apparently decreased concep-
tion rate in a study reported by Le Roux (1976}, It should also be mentioned
that, other things being equal, it would seem preferable to operate sheep Al on
the basis of a single insemination technigue rather than one requiring multiple
inseminations, for the reason of minimizing stress effects; such considerations
might be especially relevant in dealing with sheep unaccustomed to regular
handling.

125
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Fig. 4.4, Allernative method of restraint emnploved for ewes bred by AL This method s
not designed for use with large breeds of ews — but it can be useful with ight breeds that
are accustomed 1o handiing and which do not respond to such treatment by showing
unchue agitation,

4.4.4. Sheep Al and prostaglandins

The results from some studies in Ireland did indicate that a single-set-time
insemination at 36h {after the end of treatment) was much less effecrive in
achieving fertilization in prostaglandin (PG)-treated ewes than in those
synchronized by the PGA-intravagina! sponge (Boland er al., 1978). Tt was fek
that there was need for further investigations before PGs could be recom-
mended as an alternative to intravaginal progestagen treatment when breeding
was by Al

Elsewhere, in the UK, one study reported by the Meat and Livestock
Comimnission involved a comparison between MAP-progestagen-treated ewes
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and sheep receiving two-dose prostaglandio anslogue treatment {8-day inter-
val); the work involved 300 ewes, and concepsion rates were 26% for
prostaglandin and 61% for MAP-trested ewes, respectively. In Canada,
Hackett @ al. (1980) also presented evidence of varisble fertility when
prostaglandin trearment was followed by timed Al in differens breeds of sheep;
it appeared that breed type influenced the timing of ovulation in the ewe. In
Australia, a study by Wales and Fairnie {1984} evaluared the potential for the
use of the PG analogue, cloprosienol, in Merino sheep Al programmes in that
country. The PG was administered in two dosss ar intervals of 8-14 days;
because of the wide variability in the response of sheep to the use of the
analogue, the authors concluded that there was little merit in the use of PG in
sheep Al programmes. Conclusions drawn from such PG studies indicated
that this approach did not offer a viable alternative to intravaginal sponge
treatment when fixed-time ‘Al was 1o be the method of breeding.

4.4.5. Breeding ewe-lambs by Al

It is well accepted that reproductive performance of ewe-lambs is generally
poor and varies among breeds. Although much of the subfertility shown by
ewe-lambs has been artribured to 2 high incidence of embryo mortality, there
have been reports suggesting that poor oestrous behavioural responses of ewe-
lambs to rams may also reduce or inhibit mounting behaviour in rams. In
Canada, Langford (1986} attempted to eliminate such ram behavioural
problems by inseminating ewe-lambs with fresh semen; results indicated that
even when ewe-lambs were bred by Al sheep with heavier body weights
showed the higher pregnancy rates. Such results supported the recommenda-
gon of Thimenier and Cognie (1971) thar ewe-lambs selected for breeding
should weigh two-thirds of the mature body weight.

4.4.6. Other considerations

Considerable effort has been made over the past 30 years in bringing the
reproductive processes of the ewe under close and effective control. Having
gone to the trouble and cost of doing this, it may seem a retrograde step to leave
the guestion of conception 1o the behavioural whims and variable fertility of
rams under a system of natural mating. Fixed-time Al as developed in France
and ireland during the 1970s, remains the simplest form of Al possible for any
of the farm species. There was the problem thar insemination ar 56h after
progestagen-PMSG made careful planning on the farm necessary, both in
terms of terminating treatment and conducting the Al However, the insem-
inarion procedure itself is technically less demanding than either cattle or pig
Al so that farmers or shepherds could be expected to carry out the procedure
themselves, where necessary. There is no reason why further improvements in
the Al technigue cannot be expected, either as adjustments to the oestrus



132 Chapter 4

control procedure or to certain aspects of semen quality.

Of course, there is much more 1o the inwoduction of sheep Al than the
technical problems associated with it. For example, there peeds 1o be an
organization within the country to offer a widespread and continuing service.
Sheep farmers in France were fortunate to have a national agency such as
INRA 1o implement their Al programmes.

4.5. Intrauterine Insemination and Frozen Semen

4.5.1. Frozen semen limitations

Frozen semen has a number of potential advantages for use in a sheep Al
programine:

1. itallows an increased use of superior sires;

2. withintrauterine insemination it perniits lower spermdoses to be emploved;
3. it gives an opportunity to accumulate stocks of semen from rams for use in
the breeding season;

4. it enables countries to import and export ram scrmen,

Srudies in Australia have shown that ram semen extended in Tris-based
diluenys, cooled in ‘one-step” and frozen in PVC mini-straws is capable of
maintaining adeguate moulity on thawing in comparison with peller-frozen
semen (Hunton e 2, 1987); such semen, used in intrauterine inseminations,
was aizso capabie of giving satsfactory pregnancy rates. A study by Molinia o7
al, {1994) examined the cryoprotective effects of DMSQO, ethylene glycol,
glycerol and propanediol alone and in combinations with each other in Tris—
citrate~glucose diluents on sperm characteristics after pellet-freezing; they
concluded that glveerol was the single most effective cryprotectant and there
was nothing 1o be gained by the addition of the other compounds.

Limited usage of frozen ram semen

It is clear from the Hterature thar frozen semen has been used on a limited scale
in sheep breeding programumes. In France, for exampile, although the sheep
inseminations in 1986 numbered 452,293, only 8000 of these were with frozen
semen. While there is ample evidence in the literature showing that fresh
semen Al permits a reproductive performance in the ewe comparabile with that
obtained by natural mating, results also clearly show that the performance
achievable with fresh semen was seldom obtainable with frozen semen {Colas,
1972, 1979; Smith e al, 1975; Langford er al, 1979; Dyrmundssen and
Olafsson, 1989).

Decline in sernen fertifity with storage

In South Africa, Grobbelaar and Joubert (1986) reported accepiable concep-
tion rates after cervical inseminations of MAP-PMSG-synchronized gwes
(54-63%) using frozen He-de-France semen imported from France; however,
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the same workers recorded 2 significant decline in conception rates (25-28%)
after the sernen had been stored in lquid nitrogen for a further 15-20 months.
It should be noted, however, that such experiences have not been recorded for
bull semen stored in liguid nitrogen.

Depth of semen deposition in cervix
A paper by Salamon and Maxwell (19982} reviewed the literature on the
freezing of ram semen and the fertility of ewes after such semen is used in
cervical inseminadions. The authors note that conception rates after cervical
insemination with frozen semen have been low in comparison with those
obtained with fresh diluted semen. The suthors concluded that cervical
insermination with frozen-thawed semen has lmited application in sheep. A
further review article by the same authors (Salamon and Maxwell, 1995b)
dealt with the causes of low ferubity after cervical insemination and the
attemprts that have been made to trv and unprove conception rates. They note
that the most effective of such attempts is to increase the depth of deposition
of the fozen-thawed semen in the cervical canal, However, despite all the
attemnpts made to date, only intrauterine insemination by laparoscopy can be
relied upon w give acceptable and reliable lambing results.

Reduced sperm viabiity after freeze-thawing
iIr is believed that frozen ram semen fails primarily because of the reduced
vighility of the cells and the impairment of sperm transport through the cervig
this results in a marked reducton in the number reaching the site of
fervilization (Mattner ez ¢/, 1969; Lightfoot and Salamon, 1870). Aveiding the
cervix by way of uterine insemination, whether via laparoromy (Lightfoor and
Salamon, 1970; Bolang et ol , 1978) or by laparoscopic intrauterineg insermina-
don (Killeen er ol , 1982) initially appeared to give similar fertilization rates for
both fresh and frozen semen.

Incidence of embryonic mortality
Langford er af. (1979), however, did report some evidence of increased
embryonic mortality when using frozen rather than fresh semen (33% wastage
ve. 6% in the period from day-18 and term); differences between frozen and
fresh semen were also poted in some previous studies {Lightfoot and Salamon,
1970). In more recent times, Haresign (1992} records experiences at Notting-~
ham showing that conception rates after intrauterine Al with frozen semen
were considerably below those achieved with fresh semen (55% vs. 80-90%),
even when the same number of motile sperm were emploved. On that basis, the
author suggests that the fertilizing capacity of the sperm may be reduced, even
though they show good motility.

4.5.2. Pregnancy rates after intrauterine Al

Since the early 1980s there bave been reports from several countries by
workers evaluating the intraurerine insemination of sheep with frozen semen.
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Intrauterine insemination with fresh and frozen semen was reported from New
Zealand by Tervit ez ol (1984); these workers used a laparoscopic procedure
to mtroduce volumes of .03-0.04ml semen into the lumen of each vierine
horn. A lambing rate of 83% for fresh and 38% for frozen semen was recorded.
Elsewhere, at that time, lambing rates of about 40--60% were being achieved
with frozen semen (Killeen ez 2l 1982; Maxwell o1 ol , 1983; Maxwell, 1584,
1986b; Maxwell and Hewitr, 1986}, Investigations on the possible application
of intrauterine Al using frozen semen in the UK were reported by Haresign &
al. (1986), the authors concluding that the technique justified further research
to identify optimum rirmes of inseminarion and sperm doses to achieve optimal
conception rates in sheep,

Progestagen effects

Studies by Eppleston and Roberts (1986) examined the effect of inseminanion
tming on fertility as well as the effect of type of progesiagen treatment,
following intrauterine insemination with frozen semen. They recorded a
significantly greater proportion of ewes lambing after treatment with FGA
sponges compared with ewes treated with MATP sponges (55.4% vs. 43.4%);
no significant effect of tme of Al on the pregnancy rate was recorded (41.5%
vs. 57% vs. 48,7% for 48, 60 and 72h, respectively).

Tirning of Al

Barlier work by Maxwell ¢z «f. {1983) had shown a Unear relationship between
ferulity and the tme of intrauterine insemination. Fertilization rates with fresh
semen increased from 71% 1o 97% as the time of intrauterine insemination
increased from 24 to 48h after sponge withdrawal; with frozen semen, high
ferrilization rates were achieved by Al at 48 or 55h after pessary withdrawal
{(Magwell &2 o, 1984a,b). A study of Hunton @ &l {(1987) indicated that
intrauterine insemination with semen diluted at g high rate prefreezing (up 1o
24-fold) and frozen in straws, may be as effeciive as insemination with sermen
diluted a1 a low rate prefreezing and frozen in pellets. The authors note that the
use of high prefreezing dilution rates and packaging in straws permiis more
accurate measurement of the inseminate dose and more convenient storage
and transport of seroen.

Pellets, straws and minitubes

A report by Maxwell er 2f. {1995 has compared post-thaw survival and fertility
of ram sperm frozen in pelleis, PVC straws and German minitubes (Minitub
GmBH, Tiefenbach, Germany); they found that the 0.25ml minitubes
provided a useful alternative 1o pellets as a storage package for ram sperm, and
they allowed for individual dose identification and easier storage while
maintaining fertilivy indistinguishable from thar obtained with pellet-frozen
semen. Bwes were synchronized with 60mg MAYP pessaries and received
40011 PMSG at sponge removal; intrauterine inseminations were performed
by laparoscopy 60h afier sponge removal, using 6.08ml per utenine horn {10
million sperm per horn). In contrast o the findings of Hunton er of. (1987),
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they did find pellet freezing 1o be superior to PVC sixaws in terms of fertilivy

Semen quality considerations
In Brazil, Luz and Neves (1991) studied the effect of quality of frozen semen
on the conceptdon rate of ewes bred by an intrauterine inseminadon 60h after
MAP-sponge withdrawal and PMSG injection; doses of 30 million sperm were
used and conception rate was significanty higher in ewes bred with sperm
showing the higher post-thawing motility percenrages.

4.5.3. Timing of Al and sperm doses

In Scotand, McKelvey er ol {18853) evaluated a laparoscopic insemination
technigue in sheep and in 2 later report, McKelvey (1988} described the
developrent of novel laparoscopic technigues for inrrauterine insemination,
embrvo recovery and embryo ransfer. According to this author, intrauterine
Al gave ferdlizagion rates of > 90% (fresh semen) and 55% (frozen-thawed).
Blsewhere in the UK, experiments were reported by Findlarer ¢r ¢l (1991} in
which ewes in commercial flocks were synchronized, using intravaginal
sponges and an injection of 30010 PMSG at sponge withdrawal, and bred by
intravterine insernination with frozen semen. Maximum conception rates were
achieved when inseminations were carried out ar 54--60h after sponge removal;
the overall conception rate to Al for vwo wials, each involving 900 ewes, was
56% and 58%. The authors found no significant difference in conception rate
when motile sperm numbers were reduced from 52.2 million to 13 million
spermatozoa per wierine horn. Investigations reported by Taliaard er ol (1991)
in South Africa showed thar the techmique of inwrauterine Al did not affect the
length of subsequent oestrous cycles,

In Brazil, Souza er 2l {1991a.b) inseminated synchronized Texel ewes with
varying doses of frozen sperm by means of laparoscopy; they used intrauterine
Al doses containing 30, 50, 100 and 150 million sperm and reported finding
no significant difference in non-refurn rates. In France, Vallet &2 ¢/ (1992)
reported results showing a significantly higher pregnancy rate after uterine
insemination (10 or 20 million sperm) than after cervical insemination with
200 million sperm (61.5 and 63.7% vs. 43.9%).

In Spain, Lopez Sebastian (1992} reported intrauterine Al with frozen
semen of ewes synchronized by treatment with FGA sponges and doses of
300-50010 PMSG at sponge withdrawal; conception rates {(55-58%) and
litter sizes after laparoscopic Al were similar for sheep inseminated in October,
April and August. Other studies in Spain were reported by Garde er of. (1993}
who inseminated 675 synchronized ewes; for ewes inseminated into the uterus
with frozen semen, the conception rate was significantly higher (67.8% vs.
51.1%) than for sheep cervically inseminated with fresh semen.
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Austrakian Al research

In Australia, Eppleston er ¢/ {1994) examined the depth of cervical insemina-
ton and site of intrauterine insemination and their relationship to the fertility
of frozen-thawed ram semen. It was possible to penetrate the cervix deeper in
adult than in maiden ewes and the mean depth of insemination increased with
age of ewe (47 years). A significant linear increase in fertility was evident as
the depth of insemination increased but there was no advantage in dividing the
inseminate and inseminating 12 and 24h after oestrus detection. The
pregnancy rates on day 35 after Al (16.4-27.7%) were not significantly
different among ewes inseminated with varying sperm doses (80-320 million
sperm). In terms of semen deposition, fertilization rates were not significantly
different for Al into the common body compared with the left uterine horn.
There was, however, a Binear increase in fertilization rate as motile sperm doses
increased; a dose of 65 million gave a ferdlization rate of 72.8%.

4.5.4. Ram effects

In 2 further study, Eppleston and Maxwell (1993) examined the sources of
variation in the reproductive performance of ewes inseminated with frozen-
thawed ram semen by laparoscopy; only the total and motile sperm numbers
imseminated per ewe were found to be correlated with fertility. The same
authors regarded the most important finding of their study to be the large
variation in the pregnancy rate of ewes inseminated with the semen from
different rams; ferdlity ranged from 17.3% to 86.1% (69 percentage points)
but such differences between males were not deteciable using conventional
microscopic methods of quality assessment.

Frozen semen in breeding improvement programmes

Considerable progress has been made in the use of frozen sheep semen in
breeding improvement programmes, This has been possible by using intra-
uterine rather than cervical inseminatons. A paper by Moroz e 2l (1993)
recorded results of the frst stage of an Australian-Russian project in which
laparoscopic insemination of synchronized ewes with frozen semen from
Australian Merino rams was carried out on farms in Russia; results indicated
that high conception rates can be achieved under optimal conditions.

In 1992, staff from the Scoudsh Agricultural College carried out the
insemination of 16,000 ewes, with most of the inseminations being carried out
in pedigree flocks 1o support sire~referencing schemes. It was reported that
intrauterine insemination with frozen semen by the laparoscopic route
achieved a success rate of about 64%; this compared with 80% for fresh semen
and 65-70% for cervical Al using fresh semen.

(IDR treatment
In Japan, Fukui ez ol (1694) examined the effect of varying insertion periods
with CIDRs on conception rate by fizxed-time intrauterine insemination with
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frozen semen in seasonally anocestrous Suffolk ewes. In this, ewes were treated
with CIDRs for 6, 9 or 12 days, with PMSG injected the day prior to CIDR
withdrawal. Ewes were inseminated 42-30h after PMSG with frozen semen;
lambing rates were not affected by the durstion of the insertion period.

Unilateral Al
In Chile, Correa ez ol (1994} have reported on fertilizarion rates in sheep
unilaterally inseminated with frozen semen at 60h after the cessation of 60mg
MAP treatment, with 400U PMSG given at sponge withdrawal; fertilization
rate in such sheep was 84% as compared with 19% for ewes inseminated
cervically.

Welfare aspects of intrauterine insemination
In the UK, there are government advisory comumittees that deliberate on the
ethical issues raised by emerging farm anima!l breeding technologies. Intra-
uterine insemination in sheep has been one of the issues considered and there
have been suggestions that routine use of this technique should not be
permitted. Current codes of practice in the UK require the use of sedation and
local anaesthesia before carrying outl intrauterine Al. An attempt to measure
objectively the stress responses of sheep 1o laparascopic procedures under local
anaesthesia was reported by Haresign o2 al. {1993); results of their study
showed that sheep express a temporary stress response to laparoscopy but that
this was little above that attributable to resmaing alone. The magnitude of
responses (heart rate and cortisol levels) was similar to those reporied in the
literature for such husbandry procedures as handling, penning, visual isolation
and introduction to a new flock. The authors suggest that their data show that
the stress imposed by laparoscopy may be much less than the public perception
of the technique might indicate.

4.5.5. Transcervical Alin sheep

There were some reports during the 1970s of attempts 1o deposit ram semen
in the lumen of the uterus non-surgically by forcing a catheter through the
cervical canal. The success rates claimed for such attemprs at cervical
penetration were low (Anderson er af, 1973; Fukui and Roberts, 1977). In
more recent times, work in Canada has resulted in whatr is known as the
Guelph System for Transcervical Artificial Insemination (GST-AI) technique
or sheep Al Contrary to earlier reports (Dun, 1955; More, 1984). Canadian
workers found that transcervical passage is possible in the ewe using instru-
ments for insemination (Halbert ¢ al, 1990a). However, the same authors
showed that there are a number of reasons why such passage may be difficult
and in some instances impossible. These include the presence of blind spaces
from folds of vaginal tissue which make identification of the cervical opening
difficult and various other features.

A technique was developed by Halbert e ol (1990b) in which ewes were
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positioned in dorsal recumbency with their hindquarters elevated; the vagina
was dilated using a duck-billed specuhun, the cervix was grasped and retracted
using forceps. and an inseminating instrument introduced into the cervical
opening and manipulated through the cervical canal. The authors described
the difficulty in Jocating the cervical opening, the force required to retract the
cervix and the time required to insert the instrument into the uterus were
recorded. The authors reported that uterine penetration was achieved in 82%
of 89 mulnparous ewes,

The field evaluation of the Guelph Al technique is reported in a paper by
Halbert er al. (1990c) who report lambing rates of 50%, 55% and 40% in three
flocks that were insermninated transcervically with fresh semen and 65% for ewes
inserninated laparoscopically. The authors note that transcervical insemination
is not likely to be possible with all ewes and that a time limit of perhaps 5 min
should be established for the manipulation, 1o avoid unnecessary trayma to the
cervical canal. Despite such limitations, the authors suggested that such results
demonstrated that the technique was suitable for further evaluation using
frozen semen.

Field trials with GST-Al techrigue

Such evaluation, using previcusly frozen semen, was reported by Buckeell ez ol
{1994). In this, 2060 parous ewes on 65 farms were inseminated over a two-
year period. As in the previous work, oestrus was synchronized using
progestagen-impregnated vaginal sponges and PMSG, with Al ar 54h from
pessary withdrawal. Success of penetration increased from 76.3% in the first
500 ewes 1o 97.9% in the last 300 ewss and was higher in ewes from an
acceterated lambing programme {(22%) than in those from an annual lambing
programme (82.4%). The lambing rate for ewes bred during the sutumn
breeding season was 50.7% compared with 24.4% for shecp inseminated at
other periods. The average time required for handlng and insemination
decreased from 8.62 min in the first 500 ewes to 3.62 min in the last 500 ewes,
The authors note that the average time requirved per sheep (5.8 min) compared
favourably with the laparoscopic technique under small-farm condizions.

Oxytocin and relaxin to difate the cervix

Elsewhere, a report by Khalifa & 2/ (1992) in Virgima indicated ithar
exogenous oxyiocin was effective in dilating the ovine cervix to the extent that
a stainless steel rod could be passed into the uterus m 33 of 43 (77%) ewes.
In a more recent repors, Khalifa {1993) has reported non-surgical intrauterine
Al in Rahmani sheep in Egypt using exogenous oxvtocin., According to this
report up to 100% of ewes could be penetrated after administering 200 USP
units of oxytocin. The author does, however, refer to depositing semen in the
os cervix if the inseminating pipette could not be passed through the cervix
within 10 min: this hardly seems a feasible proposition for a farmer with several
hundred ewes awaiting insemination. In the USA, Akinbami ez al. {1990) has
reported vnsuccessful attempts at cervical dilation, using injections of porcine
relaxin ar 24 and 36h after the cessadon of MAP-sponge-PMSG synchroniza-
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tion freatment. In Argenting, Veksler Hess and Cisale (1992) examined the
possibility of selecting the most sultable ewes for Al on the basis of the
conformation of their cervix; it was concluded that this was not possible on the
basis of external cervical orifice measurements.
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Advancing the
Sheep Breeding Season

5.1. Introduction

Although it is generally held that the beginning and end of the sheep’s breeding
season is controlled by natural daylength changes, the precise onset of the
season in any one year is probably the result of many modifving factors. The
breed, age and previous reproductive history of ewes, changes in the environ-
mental temperature and the sudden introduction of the ram 10 ewes can all
have a modifying effect on the occurrence of oestrys, It is generally believed
that the onset of breeding is probably not materially affected by the nutridonal
status of the ewe, unless it is exceptionally low (Hafez, 1952; Ducker and Bovd,
1974).

As mentioned elsewhere (Section 2.3}, the relationship between photo-
periodicity and ovarian activity in the ewe is probably more complex than once
was assumed. Almost 20 years ago, Robertson {1977) noted that no con-
rinucusly successful system of breeding ewes on a production basis at
6~8-month intervals by the use of controlled lighting alone had been perfected;
the same remains true today. In the various studies which have been made with
a view to advancing the breeding season, it has been a matter of looking at
possible light manipulations, at hormonal treatments and at developing breeds
and crossbreeds which are capable of showing oestrous cycles earlier than
usual,

Reviewing technology for out-of-season breeding with New Zealand
sheep, Smith er ol {1989) noted that stimulation of earlier ovulation by the
sudden introduction of rams has been much studied, but with highly variable
results. They observe that progestagen-pregnant mare serum gonadotrophin
{(PMSG) wreatment is effective but that ewes failing 1o conceive may show
anoestrus. In terms of using melatonin, it is clear that such trearment can
induce earlier oestrus, but its efficacy varies with genotype and depth of
ANn0estrus.
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5.2. Manipulation of the Light Environment

According to Robinson (1990}, the role of photoperiod in timing the breeding
season of ewes is in synchronizing a rhythm in reproductive neurcendocrine
function, including luteinizing hormone (L) and prolactn secretion, rather
than to generate this rhythm. Only part of the annual photoperiodic cycle is
necessary for this entrainment, and it appears 10 be long daylengths which tdme
the onsetr of breeding. Short days stimulate ovarian activity in sheep from
temperate latitudes, bur f used for a long time, cause refractoriness. This
refracroriness may be overcome by exposing ewes 1o long days; it is evident that
an ahernadon between long days and short days is essential for the photo-
periodic control of seasonal reproduction in the sheep. Malpaux ez ol (1989)
reported findings which led them 1o conclude that the lengthening photo-
period between the winter and summer solstices is required for the occurrence
of the autumn breeding season. French workers have shown that it is possible
to induce consistent reproductive activity in rams by monthly alternation
between long days and short days (Chemineau er of., 1992); such treatment
greatly improved sperm production and quality. In the ewe, however, such
rreatment did not abolish seasonality of ovulatory activity.

Gradual or abrupt fight changes
There are two main types of artificial davlength contro! thar are capable of
influencing reproductive activity in ewes: it may be a matter of providing a
gradual decrease or increase in artificial davlength, similar to that cccurring
under a natural davlength environment or it mav be done by subjecting the
ewes to an abrupt decrease on one day and thereafter maintaining them at that
daviengih unil a response is shown (Hafez, 1952; Fraser and Laing, 1969},
Inevitably, the response of ewes to any light manipulation is not immediate
and it raay often be a matter of months rather than weeks before a response is
evident. However, the time of year at which light treatment is applied is known
to have a marked effect on the speed of response (Ducker and Bowman,
1970b); the greater the decrease or increase in daylength applied, the faster the
ewes responded (Ducker and Bowman, 1970a; Ducker ez o, 1970). Inducing
ewes in the UK 1o breed by light control soon after the longest day in June was
reported by Ducker and Bowman (1970b} to be much more effective than if
attemnpts were made when natural daylength is increasing and ewes have just
entered anoestrus (in the March to May period). One practical disadvantage
of using light control is the fact that individual ewes show oestrus after varyving
intervals; several weeks may elapse between the time the first and last sheep in
the flock comes into heat.

5.2.1. Lighting systems employed

As to lighting regimes employed by different investigators, Duckler and
Bowman (1972} used one involving the abrupt extension of daylength 1o 22h
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either in late pregnancy or at parturidon followed by a reduction 1o that of
natural daylength; such a system had the merit of dispensing with the need for
a light-proof building, which would be difficult 1o justify on the basis of the
high costs mvolved (reguirement for forced mechanical ventilaton, among
other things).

Newrton and Bers (1972), on the other hand, used a regimen involving an
abrupt increase in daylength to 18h for one month during late pregnancy
followed by an abrupt decrease to a constant level of 8h; this proved effective
in inducing a fertile pestrus within about 3 months after parturition in March-
fambing ewes. Despite experimental work in the UK in developing such light
control measures, it appeared that only one large-scale commercial unit in
England employed the light control approach to advancing the breeding season
{(Murdock, 1975} the unit’s practical objective was to achieve matings in the
month of June for early lamb production.

5.3. Employing the Ram Effect

Seasonally anogstrous ewes of many breeds, if preconditioned by a period of
isolation from rams, respond to the re-introduction of the male by exhibiting
a relatively well-synchronized heat period about one oestrous cycle mterval
later, as shown in studies with Merinos in Australia (Underwood er al., 1944;
Fulkerson ¢f &/, 1981), with Romneys in New Zealand (Edgar and Bilkey,
1963; Knight er 2., 1981} and with many flocks elsewhere. This phenomenon,
known as the ‘ram effect’ has been employed in commercial sheep flocks with
varying degrees of success (Fig. 5.1).

Eftect on ovudlation rate

There have been suggestions that the ‘ram effect’ may elicit two different
responses: advancing the breeding season and a higher ovulation rate. In
France, Cognie oz ¢l (1980) observed a higher lambing rate in Ile-de-France
ewes that were exposed to vasectomized rams as compared with non-‘teased’
sheep; Oldham (1980) alse recorded a higher ovulation rate in ewes at first
gestrus than at later ocestrous cycles. Elsewhere, however, studies (Knight ez al.,
1980; Hudgens e al, 1987; Thompson e al, 1990) have revealed lHitle
evidence of an effect on the Jambing rate.

Rams in New Zealand sheep farming

Coop and Clark (1968) suggested that an acceptable result for their South
istand conditions in New Zealand was to have 80% of Romney ewes mated in
six days, 55~66% of ewes lambing within a week, 12% of ewes lambing in one
day at the peak of lambing and this date predictable to two days. Results from
ram introductions conducted elsewhere in New Zealand, however, particularly
in the North island, showed that there was no response among ewes 1o the ram
effect in some seasons vet a satisfactory response in others (McDonald, 1971).
There was evidence that some ram breeds {Dorset) could induce a greater
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Fig. 5.1. Use of the ram to stimulate an earfier start to breeding in the ewe. The
inrroduction of the ram among ewes during late anoestrus has been shown by many
workers 10 be effective in inducing ovudation and subsequently oestrus. The response of
the ewe to the ram will certainly vary according to a number of factors and i s unwise to
rely on such an approach under Irish conditions.

response than others (Romney) among Romney ewes (Tervit er al, 1977); an
even greater effect, in which Dorset ‘teaser’ rams indtiated cyclic breeding in
ewes about rwo weeks earlier than Romney teasers was recorded in sirailar
work conducted by Meyer (1979).

Working with ewes in New Zealand, Knight #z al. {1983) observed that
although stmulation of the ewe with teaser rams caused an earlier onset of
ovulatory activity it did not increase the number of heat periods shown by the
ewe during their breeding season; earlier onser of breeding was accornpanied
by an earlier return 1o ancestrus. In more recent times, Scott and Johnstone
{1994} have recorded variations between years in the ram effect when
Coopworth or Dorset rams were introduced to seasonally anoestrous Coop-
worth ewes; the authors concluded that the variation in expression of the ram
effect is probably governed by the depth of anocestrus of the ewes at the time
of their exposure to rams.

5.3.1. Ram pheromonal effects

It became apparent some years ago that rams do not need to be in physical or
visual contact with the ewe 1o produce an effect (Watson and Radford, 1960)
and that ewes with their sense of smell impaired would not exhibit oestrus after
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being stimulated by rams (Morgan e al, 1972). Such evidence led to the
suggestion that pheromeones may be produced by the rams which led to a
stimulation of breeding activity. There was the possibility that differences
between Dorset and Rommney rams in their ability to stimulate ewes might arise
from differences in the production of pheromones (Tervit and Peterson,
1978).

Knight and Lynch {1980) also recorded thar pheromones present in the
wool and/or wax of sntire rams were able to produce a response in ewes,
further strong evidence that olfactory cues constituted the main sensory
input from the rmm at teasing. As a means of alleviating the problem of
a slow onset of ocestrous acuvity in New Zealand Romneys early in the
breeding season, Kunight and Lynch (1980) suggested the isolation and
subsequent commercial use of this pheromone in concentrated form 1o
stimulate ewes to exhibir oestrus earlier and as the means of achieving partial
synchronizadon of heat periods.

5.3.2. Timing of oestrus and ovulation

As already noted, the introduction of rams in the latter weeks of the ewe’s non-
breeding season will often stimulate some proportion of anoestrous ewes o
ovulate within 2-3 days {Knight ez ol, 1978; Oldham & al., 1979) although
behavioural oestrus is not exhibited at this time bur usually after about three
weeks. Subsequently, it became evident that the response of cwes, in ovarian
terms, was rather more complex than initially thoughy, It became apparent that
thers were often two peaks of oestrous activity in response io the ram effect,
the first ar about 18 days after contact with the male and the second at zbowt
2224 days (see Fig. 5.2}. If ovulation did occur within three days of exposure
to the ram and the normal jifespan of the ovine corpus luteuwm is taken as 14
days, then clearly some other factor was operating in ewes that showed oestrus
after three weeks or later,

Silent heats — ovuialions First gestrus
without cestrug with ovislation
grm—— ’J\m‘“‘”"”a e "M"’k‘“‘“"""’“"‘\ Iy
5 H
‘§ 40 ~ 80% swes have premalure regression CL ;
[
e | Z
=& 8
l H :é H L Fl i /. A i i i } 5 o\?
Day 1 3 5 7 I ¥4 19 21 23 25
1 !

40-80% ewes have normal CL

Fig. 5.2. Schematc diagrar of the time after ram introduction when ovulation and
regrassion of the corpus luteum (CLY oceurs (after Knight, 1983},
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An explanation of this delayed cestrus was advanced in the report of Tervit
et al. (1977}, who drew attention to the fact that many of the Romneys in their
study ovalated twice before exhibiting oestrus; it appeared thas the first corpus
futeum had regressed after 6-8 dayvs. This was in agreement with earlier work
elsewhere in which premarure regression of corpora hutes by day 10 had been
recorded in Merinos stimulated to ovulate by rams (Oldham and Martin,
1979) and was supported in later studies reported by Knight er ol (1981). In
the latter report, a small peak of progesterone indicared that such corpora lutea
did secrete some amount of the steroid. It was well accepted by this time that
adeguate progesterone priming is essential if behavioural oestrus is 1o
accompany oestrus (Robinson, 1968).

5.3.3. Ram introduction and progesterone treatment

In fact, when progesterone was administered 1o anoestrous ewes prior to
teasing, there was no evidence of premarure regression of corpora lutea
{Hunter e al., 1971); this suggested to Oldbam and Mardn (1979) that a
progestational phase not only facilitates behavioural oestrus but also prevents
premature regression of the ram-induced corpora Iutea. A subsequent report
by Oldham and Pearce (1984) dealt with various straregies for the inducten
of oestrus using the ‘ram effect’ in combination with progesterone or
progestagens. They noted the work of Cognie er o/ (1982} who found that
single dose of 20mg progesterone, injected imunediately prior to ram introduc-
tion, was the simplest and cheapest method of preventing the premature
regression of corpora lutea and of inducing oestrus in anovulatory ewes within
a short time span.

Variable results with progestagen/progesterone treatments
In more recent times, Hanrahan and O’Ricrdan (1990} in Ireland exploited
the ram effect in inducing early breeding, treating ewes with medroxy-
progesterone acetate (MAP) for 11 days and introducing rams at sponge
removal. Rodriguez Iglesias or af. (1992) in Argentina reported on the daily
distribution of teaser-induced heat periods in Corriedale ewes injected with
progesterone or MAP. Elsewhere, in Turkey, Aksoy e ol {1994} concluded
from studies with ancestrous Merino sheep that a combinaton of ram
introduction and progesterone treatment is an effective method for the
induction of oestrus; in France, Lassoued er al (1995) reported studies from
which they concluded that 20mg progesterone administered on the day of ram
introduction was effective in preventing the occurrence of short ovarian cycles.
In the USA, Umberger ez al. {1994) reporred on the ram effect in seasonally
aniovulatory ewes treated with melengesirol acetate (MGA) or norgestomet;
they found thar ewes treated with progestagens without exposure to rams
showed little luteal activity. The workers concluded that progestagens alone
were not adequate for inducing oestrus in anovular ewes. Other studies in the
USA, reported in the same year by Wheaton and Windels (1994), indicated
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that a single progesterone injection prior to ram introduction in August did not
effectively substitute for a 12-day controlled internal drug release (CIDR)
treatment.

Ram effect and LH levels

According to Michigan workers (Legan and Karsh, 1979), lack of ovulation in
ewes during the anocestrous period is the result of an increased negative
feedback action of cestrogen upon tonic secretion of LH. Ram introduction is
believed to result in a sustained increase in gonadowophin by way of increased
LH pulse frequency. Chesworth and Tait (1974) recorded increases in ILH
concentrations within one hour of exposing Greyface ewes to the ram just prior
to the breeding season. The LH pulse frequency was recorded to increase
markedly within minutes of ram introduction in studies reported by Martin ef
al. (1980).

In Australia, Atkinson and Williamson (1985) showed that the ram was
capable of stimulating ovarian follicular development in anocestrous ewes when
the concentrations of circulating gonadotrophins were low. Further studies by
Atkinson ez ol {1986) led them to suggest that a lack of hCG binding sites in
ram-induced follicles may be the cause of poor luteinization and suboptimal
development of luteal tissue after induced ovulation in ewes during anoestrus.
In terms of breed differences in response of ewes to rams, there is evidence that
LH pulse frequency may be greater in Merinos than in some other breeds
during anoestrus; this may explain why breeds such as the Merino are capabie
of responding to the ram even in mid-anoestrus {Schinkel, 1954).

BEwes stumulated by the ram effect apparently experience a preovulatory
LH surge similar to that of spontancously ovulating sheep and have been
observed to ovulate aboutr 40h after exposure to the male (Oldham er al,
1970%, It would seem possible thar ram-induced ovulations occur because
there is a lowering of the sensitivity of the hypothalamus to the negative
feedback action of oestrogen (Martin er al., 1980); this permits an increased
LH pulse frequency, which may be easier 1o activate in Merinos than in some
other breeds.

5.3.4. Ram sexual activity

As well as pheromonal eoffects, the sexual behaviour of the ram may be
important in initiating ovarian aciivity in anoestrous ewes. In California,
Perkins and Firzgerald {1994) recorded that a significantly higher percentage
of ewes exposed to rams exhibiting a high level of sexual activity (on the basis
of serving capacity tests) ovulated than of sheep exposed to low-activity rams
{95% vs. T8%:}. It was also found that on the first day of exposure, high-activity
rams spent significantly more time near ewes than did the males of low activity.
Ram sexual drive may be a further factor to add to those variables that
influence the outcome of studies on the ‘ram effect’.

A review by Haynes and Haresign (1987} suggested possible practical ways
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in which the ram effect may be strengthened 50 as to obiain 2 good response
in ewes, These included:

1. the use of older rather than younger rams;
2. the use of high libido rams (identified by mating tesis);
3. running the rams with ewes prior to their introduction 10 the main flock.

Enhancing ram sexual activity
Mindful thar fluctuations in the concentrations of LH and testosterone have
been associated with variadons in ram sexusi activity {(Schanbacher and
Lunstra, 1976), workers at Aberdeen used imjectiops of hwrnan chorionic
gonadotrophin (hCG) to enhance the secretion of testosterone and 1o improve
the mating performance of vasectomized ‘teaser” rams (Thrabeem a1 ¢l , 1990).

Lise of oestrus-induced ewes
Work in New Zealand by Muir ez ol (1989) led them to conclude thay social
facilitation by the introduction of 10% cestrous ewes (progesterone + PMSG)
could improve the ram effect, parucularly when rams were introduced prior o
the commencement of the breeding season. Work in Irsland reporied by
O’Callaghan ez ¢l (1994) found no effect from introducing oestrous ewes o
other anoestrous ewes in late summer on subsequent LH pulse frequency or
time of ovulation. Presumably, when rams are present, the increased sexual
activity is what influences the response of anoestrous sheep.

5.3.5. Overexposure to rams

Schinckel (1954) did observe that ewes which had been continually exposed o
sterile rams during the non-breeding-season resumed their seasonal repro-
ductive activity at a later date than sheep isolated from males during anoesirus,
It is known that individual ewes differ in their sensitivity t¢ ocestyogen
(Robinson and Moore, 1956; Moore, 1988) and it is possible thst the
continuous presence of the ram during the anovestrous season might modify the
sensitivity of the neural mechanisms mediating ceswrous behaviour. There have
been reports which indicate that when ewes are subiected to the ram stimulus
for several months, adaptation to this stmulus occurs and such sheep
apparently become less sensitve to stimull which induce breeding sctivity
{Underwood e al., 1944; Lishman, 1975). As noted by Pearce and Gldham
{1984), the precise requirements of isolation from rams have not been
gquantified, but isolation from the sight and smell of rams for one month has
been the genera!l recommendation. The practcal point here is that farmers
should ensure that rams are well and securely separated from the ewes during
the summer meonths if they are to seriously consider using the ram to induce
an early start to breeding. This has been the general principle observed in work
in Ireland.

Not all authors may agree with this. In California, for example, Cushws e
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al. {1992 concluded thar the induction of oestrus in ewes by the presence of
rams counld be achieved without prior isolation of ewes from rams. The same
authors recorded ovulation in anoestrous ewes occurring 8 days after joining
with rams, which would appear to be markedly different from most reports.

5.3.6. Possible ram substitutes

The inroduction of vasectomized ‘teaser’ rams was employed at one time in
New Zealand flocks to induce early breeding (Edgar and Bilkey, 1963).
However, vasectomy is a relatively expensive procedure to employ and more
care is necessary in managing rams than wethers or ewes; for such reasons, an
alternative systern in which ewes or wethers are employed as the teasers could
be of advantage. Lishman e @/ (1969) and I’ Occhio and Brooks {1976) were
among authors who suggested that hormone-treated castrate male sheep
(wethers) may be reasonable substitutes for vasectomized rams.

Following on from Ausrralian studies showing the oestrus-inducing
activity of testosterone in the ewe (Lindsay and Robinson, 19613, Marit er all
{1979) demonstrated that treatroent with doses of 50mg testosterone propio-
nate at 2-day intervals for 20 days (induction regimen)} and at 10-day intervals
thereafter (maintenance regimen) would produce male-type behaviour in
ewes; not only did testosterone-treated ewes exhibit mate behaviour but other
ewes regarded them as such. It is believed that testosterone is aromatized 1o
oestrogen 3s a result of the partcular capacity of neural receptor sites. Other
studies reported by Fulkerson er al. (1981) also showed thar wethers mreated
with oestrogen or testosterone, but not untreated wethers, could be employed
effectively in the initiation of breeding activity in ewes in late anoestrus.

5.3.7. Ram exposure and prostaglandin treatment

Studies in the USA examined the possibility of sharpening the timing of
oestrus onset in anoestrous Finn-cross ewes exposed to rams mn mid-fuly by
applying prostaglandin treatment 16 days after ram introduction (Smith ef @l.,
1986). As noted earlier, there are different patterns of luteal function in ewes
exposed to the ram in late anoestrus. About half the sheep responding to the
ram may be expected to have a normal luteal lifespan whereas the other half
have a short luteal lifespan followed by a second silent ovulation and a normal
luteal lifespan. By administering prostaglandin F,,, after 16 days, Smith e ol
{1986) succeeded in synchronizing oestrus in the ewes much more closely than
ram exposure alone.

5.4. Use of Progestagen—~PMSG Treatments

In the summer of 1973, lowland sheep farmers in most counties in the Irish
Republic could telephone their local Caitle Al Centre and request the services
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of a technician to treat sheep for ‘early lamb production’ with intravaginal
sponges (fluorogestone acetate {(FGAYMAP) and PMSG. The 60p per sheep
charge covered two farm visits by the vechnician: the first to insert sponges, the
second. 12 days later, to remove them and administer the dose of 500-7501U
PMSG. On the basis of considerable experimental evidence, the farmer could

the space of about one week in late December or early January; between the
first and second services, some 80% of the flock would produce early lambs.
The sheep ‘sponging’ service, based on natural mating, was used by several
hundred farmers in that first year of operation (Fig. 5.3); sponges and PMSG
have been used routinely by Irish sheep farmers ever gince.

The inroduction of a cheap, effective and simple controlled breeding
rechnique for advancing the sheep breeding season was the result of consider-
able research and development work during the late 1960s and early 1970s by
staff in the state agriculrural research organizatdon (An Foras Taluntais) and in
University College, Dublin (see Table 5.1). Due credit is also deserved by the
State Department of Agriculiure, the body that initally sponsored extensive
field-testing of the progestagen-PMSG technigue and arranged with catde Al
centres to provide countrywide coverage in 1973,

Fig. 5.3. Progestagen—PMSG treatment for early breeding made avallable 1o sheep
farmers in the Irish Republicin 1973,

RFE

38
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Table 5.1. Lambing outcoms in irials sponsored by State Department of Agriculture on early
breeding in sheep.

Birth of ‘early-lambs’

Lambed to first and second
Lambed 1o first service services
Lambs per Lambs per
No. %  Lambsper 100ewss %  Lambsper 100swes

Yaar flocks  Sheep  ewses conceplion lreated  ewes conception treated

1972 207 8314 618 16 100 80.2 18 126
1973 307 11,158 658 1.6 1056 79.3 1.6 124

5.4.1. Late ancestrus in Irish sheep

As already mentioned, davlength plays an important role in maintaining
seasonal reproductive activity in Irish and British sheep breeds, although other
factors, such as temperature, ram effect and possibly nuotrition, may exert an
effect on the initiation of the maring season. Irish sheep which lamb ar their
wsnal time in February/March and nurse their lambs for 12-16 weeks certainly
do not show evidence of spontaneous heats in the month of July; these are the
sheep which are generally treated for early-lamb production.

The controlied breeding treatment offers the sheep farmer three possible
advantages:

1. the birth of most lambs at an accurately predicted time in December/
January;

2. a litter size which is in keeping with the mid-season performance of the
sheep breed; and

3. that most lambs will be born in 2 compact period of about one week.

It should be mentioned here that ewes breeding spontaneously show a
significantly lower Htter size at the start of their season than they do a month
or two later (see Fig. 5.4); the use of an appropriate dose of gonadotrophin as
part of the controlied breeding technique can eliminate that problem. The
Irish experience is that the hormonal approach gives an acceptable early-
tambing result when applied 1o adult sheep. Whether the sheep farmers gain
financially is very much a question of their adopting low-cost lamb rearing
Systems.
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5.4.2. Time of treatment in anoestrus

The usual period of treatment for early lambs in the Irish Republic extends for
some six weeks, sponges being inserted from about the end of June unul mid-
August. Within this period, the percentage of ewes becoming pregnant (first
and second services) should rise as the summer progresses; to the farmer, the
lambing outcome can almost be the same in sheep bred in early July as in those
bred a month later in August (see Table 5.2). The fact that the response of ewes
to the progestagen—PMSG treatment is little affecred during the last several
weeks of anoestrus is of general interest because it agreed with observations
made in the 1960s (Gordon ez al., 1969) in which dry anoestrous ewes, treated
in May and June (mid-anoestrus), were often found 1o exhibit a second
{spontaneous) heat period when conception did not occur ar the controlled
oesrrus. Clearly, cyclical release of pituitary gonadotrophins may be initiated
some months prior to the normal autumn season, and not only during the last
few weeks of the ewe anoestrus.

As already noted, the general view is that daylength is the over-riding
environmental factor controlling reproductive activity in the ewe; the results
from the early-lamb studies suggest that hypothalamic centres involved in
gonadotrophin release can be activated to maintain cyclical activity, even when
a factor such as daylength is not operating favourably. This may suggest that
much of the ewe’s early anoestrus is really a refractory period in which neural
centres become unduly sensitive to the negative feedback effects of ovarian
oestrogen; however, such refractoriness presumably lessens to the extent that
certain stimuli become capable of initiating ovarian activity some thime prior to
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Table 5.2. Early-lambing outcome in relation to time of treatment during late anoesiyus (from
Gordon, 1983}

Lambing to 1st+ 2nd
Lambing to 1st service 5evIces
Time of treatment Sheep No. %o No. %
Early 30 June to 14 July 2632 1524 58 2085 79
Medium 15 July to 28 July 4278 2718 83 3487 81
Late 28 July to 11 August 1085 728 87 918 84

that usual with decreasing davlength as the main controlling exteroceptive
factor.

5.4.3. Sheep breed considerations

Of the various breed-types of sheep entered by Irish farmers for early-lamb
production, using the intravaginal progestagen-PMSG treatment, the best
results were achieved with the more prolific ewes (e.g. Half-Breds or
Greyfaces); they have shown the highest conception rates and litter sizes in
response 1o a standard FGA-PMSG regimen {see Table 5.3). It was also
observed that the prolific Half-Bred/Greyface wype of sheep often showed a
greater readiness than some other breeds to maintain cyclical activicy, when
conception did not occur ar the induced oestrus; this resulted in a high
percentage (86%) of the treated ewes becoming pregnant to first and second
services. It may be that the gonadotrophin levels associated with prolific sheep
permitted them to maiatain cycles in the summer in a way less likely with other
breeds,

Freatment with CIDRs

The development of early lamb production systems in New Zealand has been
reported by some guthors. Lowe er ol {1988) used CIDRs, followed by PMSG
with 1402 Rommney ewes and recorded 71% of the sheep conceiving at the
controlled oestrus. The authors suggested that early lambing systems may offer
economic benefit in areas of that couniry characterized by good winter and
spring growth rates.

Enhancing fertiity at the progestagen—-PMSG controlled oestrus

In Japan, attempts were made by Fukut er ol (1991) to improve the ferality of
Suffolk ewes induced to show oestrus using 60mg MAP sponges and PMSG
treatments during anoestrus; it was concluded that an injection of gonado-
trophin releasing hormone {(GnRY) or hCG at the controlled oestrus had no
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Table 5.3. Lambing cutcome affer sarly breeding in relation to breed or cross of ewe (from
Jennings, 1973; Gordon, 1874).

Data from Jennings {1873} Data from Gordon (1574)
%

Breed or PMS lambing to
cross of dose  No.of % Litter  No.of % Litter istand2nd
ewe () ewes lambed size swes lambed size  services
Galway 500 891 52.9 1.55 7874 838 1.54 774

750 1027 582 1.85
Suiffollk- 500 827 588 1.67 5884 84.4 1.71 82.5
Cross 750 788 607 1.77
Cheviot 500 316 649 1.51 1743 &1.7 1.58 765

750 332 852 1.75
Border 500 293 850 1.72 1234 68.1 1.71 85.8
Leicester x 750 280 890 1.85
Blackface/
Bordsr
Leicester x
Chaviot

beneficial effect; the same authors used successive injections of hCG and MAP
sponge treatment after mating (attempted progesterone supplementation),
also without effect.

5.4.4. Progestagen—PMSG in Fecundin immunized anoestrous ewes

A paper by Robinson and Scaramuzzi (1994) in Australia has deali with the
induction of breeding in anoestrous ewes previously immunized against
androstenedione-7-human serum albumin (Fecundin) which were treated
with FGA pessaries and PMSG at sponge withdrawal. The response to
irmmunization was affected by the interval from the booster injection to the
induced oestrus; an interval of 21 days gave the best results. The Fecundin
treatment markedly increased ovulation rate, did not reduce the percentage of
ewes lambing, and resulted in a 47% increase in lambs born to ewes from
which lambs had recently been weaned.

Lse of GnRH
The work of McLeod and Haresign (1984) demonstrated that the administra-
tion of low doses of GnRH, cither as pulsed injections or as a continuous
intravenous infusion over 48h was effective in inducing a fertile oestrus in
progestagen-primed seasonally anoestrous ewes. According to Haresign
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{1992a), such treatment gave more normal ovulation rates than PMSG but it
has not vet proved possible to develop a form of GnRH treatment suitable for
field applicationn. On a cost basis, the application of GnRH in the form of a
biodegradable slow release implant may also be a consideration.

5.5. Treatments with Melatonin

Inthe 1980s, the importance of the pineal gland and hormone melatonin in the
control of the breeding season in the ewe became increasingly apparent. In the
1970s, it had been shown that the secretion of this indole amine had a
distinctive diurnal rhythm, with increased levels coinciding with darkness. It
was evident that the pattern of melatonin secretion could afford the ewe a
mechanism by which changing photoperiod could be monitored. In the 1980s,
it became clear that exposure to short davlength or administration of melatonin
by daily treatment or by implants significantly advanced the sheep breeding
season and could also increase ovulation rate and embryo survival,

5.5.1. Prenatal effecisin sheep

ju

Srudies have shown that results from using exogenous melatonin vary
according w factors such as recent photoperiodic history, season of birth and
age. For example, it is not only in postnatal life that female sheep are influenced
by melatoning photoperiod, and therefore the melatonin signal, is even more
crivical for the mming of the first oestrous cycle at puberty. There is now
evidence that the photoperiodic history of a ewe commences in uterg, the ferus
being receptive 1o the maternal melatonin signal from early in pregnancy; the
photoperiod experienced by the dam is apparently transmitted to the fetus and
modifies the subsequent response of the lamb to the photoperiod.

5.5.2. Research and reviews of research

Various workers have demonstrated that melatonin may be given by daily
injection, oral administration, by a soluble glass bolus containing melatonin
{designed for intraruminal administratdon) and by different forms of slow-
release suboutaneous implants. Treatment of ewes during late anoestrus with
melatonin has clearly been demonstrated to be effective in advancing the start
of the breeding season (Kennaway er al., 1982; Arendt er ol., 1983; Nowak and
Rodway, 1985; English er al., 1986; Luhman and Slyier, 1986; Wigzell er ol
1986; Amir 22 ¢, 1987; Poulton er al, 1986, 1987, 1988; Poulton and Kelly,
1988; Wallace o af. 1988; Guerin ¢ al., 1989, 1994; Ronavne ez al., 1989;
Yang et al., 1989; Haresign e o, 1990; Robinson er af, 1991; Croker ¢ 4l
1992; Staples ef ol , 1992; Daveau er af, 1994; Donovan et of., 1994; Skinner
et al., 1994).
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The availability of melstonin also permitted a reappraisal of photo-
stirmulation as a treatment for breeding sheep in the early period of anoestrus
for autemn lambings (Williams and Ward, 1988); in this, the hormone could
be emploved as an alternative to the costly long night phase of treatment.
There have also been some number of papers in which the use of melatonin in
controlled sheep breeding has been reviewed (Poulron, 1988; Haresign, 1990,
1992a,b,¢; Lincoln, 1992; O’Callaghan er gf., 1992; Chemineau e o, 1993;
Laliotis and Vosniagkou, 1993; Williams and Helliwell, 1993; Williams, 1994).

5.5.3. Melatonin in advancing the breeding season

In New Zealand, McMillan and Sealey (1989) studied the effect of tme of
joining rams on the reproductive performance of Coopworth ewes implanted
with melatonin one month before ram introducton; they concluded that the
response to melatonin was very sensitive to the time of joining. However, it was
found that joining treated ewes in late-December to mid-January could result
in 20-40 more lambs per 100 ewes joined, compared with untreated animals.
Various designs of slow-release melatonin implants {(daily release rates of
0.25-1.7mg) were tested by Durotoye e af. (1991) at Leeds University with
Swaledale X Blueface Leicester ewes in Mayv and July, There was linde
difference between the various melatonin dose levels but implants given in May
were less effective than those given in June or July.

A paper by Williams er al. (1992) reviewed results of five research trials and
108 clinical trials in three countries in which subcutaneous melatonin implants
were employed to enhance the reproductive performance of sheep. They report
that melatonin treatment of ewes resulted in more ewes conceiving early in the
breeding season and that the duration of the lambing period was reduced.
Work reported by Haresign (1992b) showed that increasing the interval from
melatonin implantation to ram introduction from 4 to 6 weeks was associated
with a progressive and significant reduction in the time from ram introduction
to mating as well as a reduction in the spread of mating. It was concluded that
melatonin influenced the pattern of mating and increased litter size in ewes.
Further work by the same author (Haresign, 1992c) suggested that the
optimum implantation date was mid-May to mid-June for Suffolk-crossbreds
and mid-June to mid-July for Mule ewes.

Lack of response under some conditions
It is of interest to note that melatonin treatment has not always been effective
in stimulating an earlier onset of the sheep breeding season, In Iceland, Eldon
{1993) found that melatonin wreatment for 75 days had no significant effect on
the onset or duration of the breeding season of ewes. The author draws
attention to the fact that Icelandic sheep came from Norway in the ninth and
tenth centuries and constitute an isolated, genetically pure, highly domesti-
cated breed living for many centuries under great seasonal change in
photoperiod (summer photoperiod of almost 24h). It has been suggested that
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the lack of response 1o melatonin may be the result of entrainment of the
reproductive system by the large seasonal changes in daviength that the ewes
had experienced both before and during treatment.

Greek and South African studlies

In Greece, Laliots and Vosniakou {1993} have presented results of trials
carried out in different areas of that country; these showed that oral
administration or iroplantation of melatonin at the end of anoestrus stimulated
oestrous activity and shortened the average interval to first oestrus. In South
Africa, Nowers ez af. {1994} conducted work to determine whether melatonin
implants in Dohne Merino ewes during spring was 2 more successful
alternative to increase lambing percentages than traditional management
practices such as flushing and the use of teaser rams; they concluded thar
melatonin rreatment enhanced seasonal oestrus and increased concepaion and
ovulation rates during spring matings.

Medatonin x nutrition interactions

In Spain, Forcads ez ol (1993) examined the effect of exogenous melatonin
{18mg ear-implant) and plane of nutrition after weaning on ocstrous activity
in Salz ewes lambing in the seasonal anoestrus. The Salz breed is a genotype
obtained by crossing the prolific Romanov breed with a local breed and usually
displayvs a short ancestrous period between May and June. Melatonin
wreaument was found to reduce significanty the interval from weaning to first
oestrus as compared with that found in untreated ewes (51 vs. 88 days); at the
second oestrus, ovulation rate was significantly higher in the melatonin-
treated amimals and there was g significant melatonin x nutrition interaction.
Although it is evident that melatonin treatment can increase ovulation rate
early in the hreeding season, sheep exposed o & constant melatonin treatment
signal eventually become refractory and become anoestrous,

Attempts to extend the breeding season

A study was undertaken by Jordan e al (1990) in Ireland with Scottish
Blackface ewes to determine whether melatonin trearment in the mid-breeding
season would extend the duradon of the current breeding season or affect the
onset and duration of the subsequent breeding season; resulis showed that
such treatment did not extend the sesson but it did advance the onset of
ovarian activity in the following season. As noted elsewhere, an unexpected
finding in this study was a significant decrease in ovulation rate after prolonged
administration of melaronin.

5.5.4. Effect of administration method

As noted by Robinson et al. {1992a), unless melatonin is administered by a
method that stimulates a marked advance of the breeding season, it may offer
little benefit over alternative treatments such as the progestagen-PMSG



Advancing the Sheep Breeding Season 1653

rechnique. There bas, however, been evidence suggesting that the magnitude of
the advance in the breeding season that can be achieved by a slow-release implant
may be considerably less than that for daily administration. The insertion of
melatonin implants in ewes in mid-May in the UK was found to be ineffective in
advancing the breeding season (Mowak and Rodway, 198%), whereas daily
dosing with 3mg melatonin at 15.00h from carly March (Wigzelleral, 1986) or
late March (Wallace ez al., 1988) resulted in behavioural oestrus in late May-
early June, four months ahead of unireated conwels. The only method of
administering melatonin that ensures a marked advance of the breeding secason
in sheep is by way of a daily oral dose in mid-afternoon (Robinson eral., 1992b),
which is not practically feasible under commercial conditions.

Prolonged melatonin administration in ewes
An unexpected adverse effect of melatonin treatment in ewes during the
breeding scason, as a consequence of prolonged exposure to high circulating
levels of the hormone, was reported by workers in Ireland (Jordan ez al., 1990);
they recorded a significant decrease in ovulation rate. The explanation for such
an effect was not apparent.

Melatonin treatment and the ram effect
Various authors have studied the effect of ram inrroduction on the response of
melatonin-treated ewes. In Spain, Brunet er ¢/ (1993) found that weated and
untreated anoestrous ewes responded to the ram effect with a sigrificant
increase in LH pulse frequency but there was no effect on pulse anplitude or
mean concentration of the gonadotrophin. A preovulatory surge of LH was
detected 8-26h after ram introduction, but melatonin treamment sffected
neither the mean interval from ram introduction to the LH pesk nor the
magnitude of the LH response.

5.5.5 Melatonin vs. progestagen—PMSG comparisons

Some number of authors have reported comparisons between melatonin
treatments and intravaginal progestagen pessaries with PMSG in advancing
the breeding season in sheep. In Ireland, Crosby and O'Callaghan (1988)
conducted a comparison between melatonin administered by way of a soluble
glass rumen bolus and as standard progestagen-PMSG regime. The lambing
data for these sheep are presented in Table 5.4, An ohvious feature of the
results is the wide spread in lambing dates in the melatonin-treated animals
and the concentration of lambings towards the end of the lambing period; the
authors concluded that the progestagen~-PMSG technigue was the weatment
of choice for early lamb production under the conditions of their trial.

In the UK, Rajkumar ¢ . {1989) inserted intravaginal implants contain-
ing melatonin in silastic tubing eight weeks ahead of the target mating date in
August; MAP sponges were used for a 12-day period with 50011 PMSG given
at their removal. The authors concluded that the melatonin treatment was an
effective method of advancing the breeding season.
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Table 5.4. {ambing oufcomes in melatonin and progestagen-PMSG-treated sheep (from Crosby
and O'Callaghan, 1988).

Maiatonin Progestagen-PMSG
Lambing Lambing
1o, (%) Litter size no. (%) Litter size
26 December to 1 January 1 {28} 2.0 32 (80.0) 2.06
2 January to 8 January 41100y 1.75 3 (7.5 1.33
9 January fo 15 January 8{20.0 1.38 0 -
16 January to 22 January 11{27.5) 1.55 1 (2.5 20
23 January to 29 january 10{25.0) 14 6 - -
All periods 34 (85.0 15 36 {90.0) 20

At Nottingham, Haresign (1992a) made various comparisons between the
use of sponge-PMSG weatments and melatonin in the inducton of early
breeding in sheep (Table 5.5). In this, it was noted, for example, that
implantation with melstonin must be undertaken 50-60 days before the
proposed time of mating, whereas progestagen-PMSG treatment was g matier
of starting two weeks before the mating date. Clearly, with oestrus-
synchronized flocks, a marked increase in the number of rams is necessary, but
that has not presented insurmountable problems to farmers who have routinely
used progestagen sponges for the past two decades. Depending on flock size,
there may be much in favour of having the compact lambings which follow
from the progestagen-PMSG method. It 1s also mentioned that with sponges
and PMSG, non-pregnant ewes revert 1o anoestrus and will not cycle again
until the start of natural breeding. This apparently has not been the experience
in Ireland, where a very high proportion of non-pregnant ewes have been found
to recycle, even when treated several weeks ahead of the breeding season.

Melatonin and breeding ewe-lambs

Smdies in New Zealand have shown that when melatonin was given at 3.5-4.5
months until eight months of age, it reduced the time of conception of spring-
born Romney ewe-lambs (Moore o ¢f, 1984). Elsewhere, this time in the
USA, Stellflug ez ¢l (1989} drew attention to the fact that unlike spring-born
lambs, which normally reach puberty at 6-8 months of age, lambs which are
born in late sumemer or autumn reach the critical age for puberty in the spring
under an inhibitory photoperiod. In Idaho, Stellflug er ol (1989) showed that
exposure of autumn-born lambs to 12 weeks of long days 16h light : 8h
darkness) before melatonin treatment improved reproductive efficiency at
spring breeding over ambient controls or melatonin treatment alone.
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Table 5.5, Comparison of progestagen-PMSG and melatonin treatments for the induction of
early breeding in sheep (from Harasign, 1892a).

Atlribute Sponges plus PMSG Reguiin {melatoning

Ability toinduce early  Atany time during ancestrus bt Only during a limited treatment

bresding the efficacy is greatest just before  ‘window’ just befors the natural
the natural start of the season start of the breeding season

Time of treaiment 14 50~-80

before maling (days)

Ewe:ram ratio 7:tor8:t 40:1

recommentdad

Synchrony of mating Highly synchronized, but atthe Spread evenly over 3-4 weeks,
and lambing axpense of fewer ewes pregnant  but with a very high proportion of
ewes lambing

Litter size Variation in both fitter size and The distribution of litter size and
tfamb birth weights is common tamb birth welghts is typical of that
owing to the superovulatory for the breed in the mid-bresding
effects of PMSG ina proportion of  season with no induction of
the treated animals superovulation

5.5.6. Ram response to melatonin

There have been reports from the UK making the poiot that rams of most
breeds in that country show marked seasonal fluctuations in reproductive
performance, as revealed in decreased testicudar size, libido and semen quality
during the spring and sumumer months. It has been suggested that problems of
subfertility frequently encountered in out-of-season breeding in ewes may, at
least partly, be attributable to the ram. Although this is 2 view apparently at
variance with the data of Gordon (1938, 1963) and with Irish experiences, it
is of interest 1o record ways in which melatonin can be used 1o manipulate
reproduction in the ram.

In London, Williams er o/, (1990} showed that the continuous administra-
tion of melatonin to Suffolk rams from mid-March, after a six-week period of
priming with artificial long days, resulted in improvemenis in ram reproductive
performance; however, the authors recorded that the testes of the treated rams
also regressed prematurely in early July, This obviously would not be a
response favourable for the use of such rams in early lamb production. At
Nottingham, Bateman and Haresign {1991) have reported resulis suggesting
that implantation with melatonin in mid-May may well extend the period of
pesk feruility in Suffolk rams, making them more suitable for use in early-
lambing flocks without compromising their fertility for autumn mating. They
noted, however, that before practical recommendations could be made, more
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information was required for some of the other terminal sire breeds such as the
Texel,

in Japan, Kusakard and O'Hara (1993) fed Suffolk rams melatonin pellets
and presented results suggesting that such {reatment increased thelr repro-
ductive activity; scrotal circumference reached a maximum after 45 days of
reatment and remained maximal for sbowt 30 days after the cessation of
reatment. The authors recorded, however, an abrupt decrease in scroial size
some 45 days after the cessgtion of melatorun feeding. As with the Nottingham
work, the indications are that melatonin treatmer of rams may not be capable
of maintaining improved reproductive performarnce beyond a certain period.

5.6. Induced Hypothyroidism and Reproductive Activity in Sheep

It is now evident that thyroid hormones gre necessary for the expression of
seasonal changes in reproductive neurcendocrine activity in sheep. I the
thyroid glands are removed from ewes before or during the breeding season,
the sheep do not return to an anoestrous state due to a continued high rate of
secretion of GnRH. It is beheved that lack of the thyroid hormones affects the
reproductive refractoriness that otherwise cccurs in sheep. Refractoriness in
this context may be defined as the physiological state developing after
prolonged exposure 1o 8 fixed photoperiod and shows itself in the form of a
sponganeous reversal in the prevatling neuroendocrine state, Le. a spontaneous
turning off after being rurmed on, or a spontaneocus turning on alter being offl
Thus, sheep that are held on short days do not remain reproductively active
continuously but after some months the actvity ends spontancously as
refractoriness develops.

As noted by Feollert and Potts (1990}, ceperunents with birds have shown
that both the acquisidon of refractoriness under one davlength, and is
dissipation under the opposite daylength, are dependent on thyroid hormones.
Because of certain similarities between refractoriness in birds and mammals,
thyroidectomy was extended to sheep and their reproductive activity was
followed in thyroidectomized ewes exposed to various daylengths (Nicholls er
al., 1988); a high proportion of such ewes did pot enter anoestrus at the same
time as thyroid-intact sheep and some continued o show oestrous cycles for
very long periods of time.

5.6.1. Use of goitrogens

Workers at Bristo! extended such observations by using a goitrogen, thus
providing a reversible means of ahering thryoid function (Follett and Potts,
1990), Weish Mountain ewes were rendered hypothyroid by daily treatment
with methylthiouraci] starting in early August and ending in late February.
Treated sheep showed a longer breeding season than did the controls (122 vs.
91 days). Although the authors had hoped that such reversible thyroidectomy
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by treatment over the winter period with goltrogens might so delay the onset
of anoestrus as to permit spring-lambing ewes to return in oestras for out-
of-sesson breeding, this did not prove to be so.

In Michigan, Dah! et gl (1992} showed thar in the absence of thyroid
hormones, the reproductive neurcendocrine axis appears o be uncoupled
from photoperiodic influence between melatonin and the GnRH neurosecre-
tory system. Further work reported by Dabl e ol (1994) noted that the
decrease in the episodic release of GaRY, as ewes enter anoestrus, is
independeni of an increased secretion of thyromophin-releasing hormone
(TRH).

{se of thyroxine
In Ircland, ’Callaghan e al {1993} found evidence suggesting that the
administration of thyroxine during the breeding season could advance the
onset of anoestrus in the ewe but that the wearment did not affect the time of
onset of the subsequent breeding season. The authors took such results as
reinforcing the concept that the thyroid gland plays a role in seasonal
reproducton in the ewe. Elsewhere, Porter & od. {1995) have recorded some
evidenice suggesting a seasonal variston in thyroxine metsbolism: such
variation may have a bearing on the timing of the non-breeding season,

5.6.2. Effects of thyroidectomy on the ram

Much less information is availsble on the effecrs of lowered thyroid activity in
the male than in the female. However, there has been evidence in red deer that
thyroidectomy almost abolished the non-breeding season, with males retaining
full-grown testes throughour the year (Shi and Barrell, 1992}, In Bristol,
Parkinson and Folletr (1994) have examined the effect of thyrotdectomy upon
testicular functon in Welsh Mountsin rams, maintained cither on natural or
controlied photoperiods; results supported the view that the thyroid gland
exerts g crucial role in wansitions between the breeding and non-beeding
seasons of the ram. The anthors reported the scrotal circumference of
thyroidectomized rams to be significantly greater than that in intact males
beiween April and August.

A further paper by the Bristol workers showed that thyroidectomy
abolished seasonal testicular cycles of Soay rams (Parkinson and Follet, 1995).
Other work in Bristol dealt with the responses of prepubertal and mature rams
1o thyroidectomy; in both cavegories, scrowl circumference increased sig-
nificantly within five weeks of thyroidectorny (Parkinson o o, 1995).
However, although high FSH concentrations were mamtained in mature rams,
in prepubertal animals they decreased during the late spring; results were taken
as indicating that the timing of puberty in scasonally breeding manunals is a
thyroid-dependent phenomenon.

It is clear, from studies in both ewes and rams, that such informadon
on the crucial role of thyroid hormones i likely to be valuable in
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understanding the means by which reproductive activity in sheep is inhibited
in the non-breeding season. In terms of practical weatments for advancing
the breeding season, however, such knowledge may have less impact,
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