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Control of seasonal reproduction in sheep and goats

by light and hormones

J. Thimonier

I.N.R.A., C.R.A.A.G., Station de Recherches Zootechniques, 97170 Petit-Bourg,

French West Indies

Summary. Seasonal variations of reproductive ability have been demonstrated in
male and female sheep and goats. For the female, there is a distinct breeding season.
Whilst there are large breed differences in the duration of the sexual season, oestrous
cycles generally start when daylength is decreasing and end when daylength is
increasing. In some breeds, ovulation without oestrus occurs during the non-breeding
season. Although males are able to mate all the year round, seasonal variations occur
in the weight of the testis and seminal vesicles and in the fructose concentration of the
seminal vesicles. Sexual behaviour and semen characteristics also show seasonal
variations.

These seasonal variations in males and females are related to hormonal levels.
FSH and LH concentrations in the pituitary are reduced to 50% during the
non-breeding season. In the peripheral blood, LH concentrations vary throughout the
year whilst prolactin concentrations follow the pattern of daylength. Steroid
hormones and their feedback actions at the hypothalamo—pituitary axis play a role in
the regulation of seasonal reproduction.

Three different ways are proposed to overcome these seasonal variations. (1)
Males can be introduced into a flock of females before the onset of the breeding
season. This leads to induction of ovulation and oestrus, although the first ovulation
is frequently followed by a short luteal phase. Teasing does not necessitate contact or
sight and is only effective after a period of isolation of the females from the males.
(2) Oestrus and ovulation may be induced during the anoestrous period by hormonal
treatments. Inducers of LH release have to be associated with a progestagen
treatment; PMSG is still the most efficient inducer of LH release. Artificial
insemination is useful in this context to avoid subfertility due to seasonal variations of
the male. (3) The period of reproduction may be controlled by artificial light
regimens. There is a photoinducible period in the circadian cycle of the ewe and it
may soon be practical to breed out of season by timed exposure of ewes to short
periods of light during the normal hours of darkness.

Reproduction in wild animals is often linked to the seasons to ensure that the young are born at a
time which maximizes their chance of survival. In domestic animal reproduction, however,
seasonality of breeding is a limiting factor because farmers can provide additional food during
periods when natural food is short and build shelters to protect the mother and young from the
elements. A knowledge of the biological mechanisms determining seasonality is therefore
important for the management of domestic sheep and goats.
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Seasonality of reproduction in female sheep and goats

Seasonal variations of oestrus and ovulation

In the female, sexual activity is characterized by the occurrence of oestrus but this behaviour
cannot be isolated from that of the male. The acceptance of mounting of a female by a male has
been generally used to determine the duration of the sexual season. However, this method may be
limited by a seasonal change in the libido of the male. The onset and end of the ovulatory period
can be determined by following the appearance and disappearance of corpora lutea. This has
been done by endoscopy (Thimonier & Mauleon, 1969) or by the determination of plasma
levels of progesterone in blood samples collected twice weekly (Thimonier, 1973).

The simultaneous observation of oestrus and ovulation has been made both in the ewe and
the goat (Thimonier & Mauléon, 1969; Y. Cognié, personal communication). Ile-de-France and
Prealpes du Sud sheep breeds were studied at a latitude of 47°N and Alpine and Criollo goat
breeds were studied at a latitude of 16°N. A clear sexual season was observed in all cases
(Text-fig. 1) although there were large breed differences. The anoestrous period was longer for
Ile-de-France than for Prealpes du Sud sheep (185 days versus 100 days) and the Alpine goat
had a longer anoestrous period than did the Criollo (230 days versus 93 days). Some of
the Préalpes du Sud ewes and the Criollo goats showed overt oestrous cycles all year round.
These two studies confirm the reports reviewed by Ortavant, Mauléon & Thibault (1964) and the
observations of others (Land, Pelletier, Thimonier & Mauléon, 1973; Bindon & Piper, 1976;
Wheeler & Land, 1977). The very short sexual season of the Alpine goat resembles that of the
Angora goat in South Africa (Pretorius, 1973). For both species, there is a dissociation between
oestrus and ovulation. For Ile-de-France and Prealpes du Sud ewes and for the Alpine goat, silent
ovulations precede or follow the sexual season. Curiously, for the Criollo goat, the reverse is
observed: oestrous cycles, some of short duration, occur without ovulation.

Oestrus

——-- Ovulation
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Text-fig. 1. Seasonal variations in the frequency of oestrus and ovulation in Ile-de-France ewes at
a latitude of 47°N.

For several breeds, silent ovulations during the anoestrous period are not associated with
regular sexual activity (Thimonier & Mauléon, 1969; Land et al., 1973; Wheeler & Land, 1977)
and such silent ovulations appear to occur when daylength is increasing. Furthermore, cyclic
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ovarian function and oestrous activities start for some females before the longest day which
rather contradicts the hypothesis of Yeates (1949) which implies that decreasing daylength
governs the onset of reproductive activity in sheep.

Seasonal variations in hormone production

In the ewe, during the anoestrous period the concentrations of pituitary FSH and LH are
50% of those on Day 12 of the oestrous cycle, when the concentrations are at their maximum
(Robertson & Hutchinson, 1962; Thimonier & Mauléon, 1969). According to Pretorius (1974),
the mean value for FSH in anoestrous goats was substantially lower than the value recorded for
the oestrous cycle. Pituitary LH levels during anoestrus were similar to those found during the
mid-luteal phase of the oestrous cycle.

Information on hormone levels in peripheral blood is available for the ewe. LH has been
shown to be released in a pulsatile pattern, the frequency of LH pulses varying according to the
season and the stage of the cycle (Yuthasastrakosol, Palmer & Howland, 1975; Baird, Swanston
& Scaramuzzi, 1976; Scaramuzzi & Baird, 1977; Martensz & Scaramuzzi, 1979; Martensz,
Scaramuzzi & Van Look, 1979; Terqui, Gamier, de Reviers, Huet & Pelletier, 1980).

A lot of emphasis has been placed upon the control of LH secretion by oestradiol. In the ewe,
there is a marked seasonal change in the negative feedback action of oestradiol on tonic LH
secretion: the negative feedback of oestradiol increases towards the end of the sexual season
leading to anoestrus. It decreases towards the end of the anoestrous period and resumption of
oestrous cycles is once again possible (Legan & Karsch, 1979; Karsch, Goodman & Legan,
1980).

For the Ile-de-France ewe, peripheral levels of prolactin reach their maximum in the summer
(up to 200 ng/ml) and their minimum in the winter (<10 ng/ml). The first oestrus of the breeding
season appears when prolactin is decreasing and cyclic oestrous behaviour ends when prolactin
levels are increasing (Text-fig. 2) (Walton, McNeilly, McNeilly & Cunningham, 1977;
Thimonier, Ravault & Ortavant, 1978). Prolactin levels are high in the post-partum period and
this may contribute to an additional inhibitory effect on the resumption of ovarian activity (Kann
& Martinet, 1975).
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Text- fig. 2. Seasonal variations of prolactin concentrations under normal variations of daylength
in Ile-de-France ewes (modified from Thimonier et al., 1978).
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For the goat, there is a seasonal variation in the concentration of prolactin released at milking
but daylength is the predominant factor governing the autumn decline (Hart, 1975). Low levels
of progesterone are observed during anoestrus (Yuthasastrakosol et al., 1975). During the sexual
season, the mean concentration of progesterone during the luteal phase is higher in the middle
than at the beginning or the end of the season; this phenomenon is not related to the ovulation
rate (Lamond, Gaddy & Kennedy, 1972; Wheeler & Land, 1977).

Seasonal reproduction in male sheep and goats

Testis size

Testicular weight in the ram follows a marked seasonal variation (Text-fig. 3). For the
Ile-de-France breed, the mean testicular weight is close to 210 g from January to the end of May
and increases to a mean value of 285 g (+35%) by the end of October (Pelletier & Ortavant,
1967). In this study two points are worth noting: (1) the rapid increase in testicular weight
commences before the longest day, and (2) the decrease in testicular weight occurs before the
shortest day. The variation in testicular weight parallels a similar change in the average number
of germ cells in a cross-section of a seminiferous tubule. The epididymal sperm reserves undergo
a similar variation but with a delay which relates to the time course of sperm production. The
increase in weight of the seminal vesicles and their fructose content is rapid between June and
July, i.e. 1 month after testicular weight begins to increase (Text-fig. 3).
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Text-fig. 3. Seasonal variations of testicular weight and fructose content of seminal vesicles in
Ile-de-France rams at a latitude of 47°N (data from Pelletier & Ortavant, 1967).

Libido

Seasonal variations are observed in sexual behaviour in rams and billy goats (Land, 1970;
Corteel, 1973) and there are breed differences. Finnish Landrace rams have a higher libido than
do Scottish Blackface males but both respond to seasonal change in the same way (Land, 1970).
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Libido is not a limiting factor for semen collection with well trained rams or billy goats (Corteel,
1977) although it can be when males are used for the natural breeding of females brought into
oestrus out of season.

Seasonal variations in semen characteristics and sperm production

The frequency of semen collections influences the concentration of spermatozoa in the
ejaculate and the total number per ejaculate (Colas, Personnic, Courot & Ortavant, 1975). With
twice weekly semen collections, seasonal variations in volume and sperm concentration are
observed in the billy goat. The volume is three times higher in autumn and winter than in spring.
Sperm concentration varies from nearly 7 x 109spermatozoa/ml in spring and early summer to
less than 4 x 109/m1 in winter (Corteel, 1977). In the Ile-de-France rams with the same
frequency of semen collections, the quantity of spermatozoa collected varies from 12.8 x 109
spermatozoa/week in April—Juneto 22.7 x 109/week in September—November (Colas & Guerin,
1979). Furthermore, in rams (Colas & Courot, 1977), the fertilizing ability is significantly higher
in 'autumn' than in 'spring' (63.5 and 50.6% respectively; 0.01 < P < 0.02) although the mean
motility of ejaculates taken at random and used in artificial insemination was the same for both
periods. Semen motility is at its highest during autumn in Alpine and Poitevine billy goats
(Corteel, 1977).

Seasonal variations in hormone production

For the ram, pituitary concentration and content of LH is approximately twice as high during
the period between June and November than from the end of December to May. For FSH, two
periods of high activity are observed, one in July and the second in February. There is, however,
no increase in spermatogenic activity in the ram in February (Pelletier & Ortavant, 1967).

Early studies with blood samples collected weekly or fortnightly revealed seasonal variation
in LH and testosterone levels in the peripheral blood of rams and billy goats (Saumande &
Rouger, 1972; Pelletier & Ortavant, 1975). For example, in the Alpine billy goat, an increase in
the testosterone levels occurred approximately 45 days after the longest day, and began to
decrease again before the shortest day. A similar pattern was observed in the ram. Other studies
have shown that LH and testosterone are released in a pulsatile manner (Bolt, 1971; Sanford,
Winter, Palmer & Howland, 1974; Muduuli, Sanford, Palmer & Howland, 1979). Each peak of
LH is followed after about 1 h by a peak in testosterone (Lincoln, 1976; Wilson & Lapwood,
1978; Terqui et al., 1980). Such a relationship may not always be obvious in the male pygmy
goat (Muduuli et al., 1979).

In the ram, the mean LH testosterone values (based on 25 consecutive hourly blood samples)
increased from the non-breeding to the breeding season (J. Pelletier, D. H. Gamier, M. M. de
Reviers, M. Terqui & R. Ortavant, personal communication), but there are marked differences
between breeds. The increase in the mean levels is related mainly to the increase in the number of
LH and testosterone peaks (Ravault, Blanc, Ortavant, Pelletier & de Reviers, 1980). LH and
testosterone peaks are equally distributed between the light and dark phases. However, the
number of LH peaks per 3 h is low just after dawn and increases in the next 6 h. It is suggested
that dawn could be one of the synchronizers of gonadotrophin release (Ravault et al., 1980;
Terqui et al., 1980). Similar variations are observed in the billy goat (Muduuli et al., 1979).

In the ram, during spring and summer, there is a steady rise in the plasma level of FSH,
whilst in September there is a sharp decline (Sanford, Palmer & Howland, 1977; Ravault et al.,
1980). A rise in FSH is also observed during the spring in the billy goat (Muduuli et al., 1979).
FSH concentrations in the blood do not display pulsatile changes (Ravault et al., 1980).

Finally, prolactin in both species shows a seasonal variation, the highest levels being reached
in summer and the lowest during winter (Buttle, 1974; Ravault & Ortavant, 1977; Muduuli et al.,
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1979; Ravault et al., 1980). A marked diurnal cycle, with maximum secretion of prolactin being
observed at night, has been described for the ram (Ravault & Ortavant, 1977; Ravault et al.,
1980).

Control of reproduction

From the previous discussion, it is apparent that there is a parallel seasonal variation in the
ability to mate and reproduce in the male and female. Since the comprehensive study of Yeates
(1949), it has become accepted that the main factor controlling the seasonal nature of breeding
activity is daylength. Until recently sheep and goats have been classed as 'short day' animals by
contrast to other species which become reproductively active when daylength is increasing
(horses, donkeys). However, other environmental factors may be implicated.

In this report, the control of reproduction will be considered only in terms of photoperiod, the
interactions between the sexes and hormonal treatment.

Control of reproduction by light

Male. As early as 1956, Ortavant & Thibault, using a 6-month sinusoidal light cycle,
obtained high spermatogenic activity under decreasing daylengths, and vice versa, thus inducing
two seasons of sexual activity per year. Albério & Colas (1976), using a reversed annual
variation in daylength, showed that testis growth was reversed (Text-fig. 4) and testes increased
in size when daylength was decreasing. Furthermore, as already observed under natural lighting
conditions, LH and testosterone levels were higher with decreasing photoperiods.

Text - fig. 4. Variations of testis diameter of rams housed under different lighting schedules (data
from Albério & Colas, 1976).

An effect of photoperiod on spermatogenesis is also indicated by the work of Schanbacher &
Ford (1979). 'Short-day' rams have testes weighing 45% more than testes from rams exposed to
long days. Sperm production in short-day rams (12.9 x 109 spermatozoa/day) is twice that of
long-day rams (6.5 x 109/day). Long days exert deleterious effects on several steps on
spermatogenesis. Gonadotrophins are probably involved; both serum LH and FSH levels
increase in rams exposed to artificially decreasing daylengths (Lincoln, Peet & Cunningham,
1977). There is by now enough information on the effects of light on hormonal activity, sexual
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behaviour and sperm production to suggest that rams can be treated with light to produce semen
for artificial insemination in the spring. The displacement of the sexual activity is obtained by a
reversal of the annual changes in photoperiod. The quantity and quality of the semen are then
comparable to those of semen normally obtained in autumn.

Female. When the annual photoperiod is reversed the sexual seasons are similarly reversed.
This phenomenon has been demonstrated by the transport of ewes from the northern to the
southern hemisphere and by the application of reversed photoperiods (Yeates, 1949). Several
studies have clearly shown that decreasing daylength controls the date of onset of oestrus
(Ducker, Thwaites & Bowman, 1970) and that increasing daylength (Ducker & Bowman,
1970a) controls the onset of anoestrus. Furthermore, the greater the decrease (or the increase) in
daylength, the sooner the change in sexual activity. The interval between the beginning of the
light treatment and the oestrous response depends also on the time of the year, on the previous
light treatment and on the breed (Ducker & Bowman, 1970b).

Ewes subjected to an artificial 6-month photoperiodic rhythm exhibit two periods of sexual
activity each year (Mauléon & Rougeot, 1962). Curiously, the sexual season under these
conditions starts when daylength is increasing and ends when daylength is decreasing. This may
be_due to the time-lag between light stimulation and the onset of reproduction. Rougeot (1969)
demonstrated that the Corsican Mouflon, a marked seasonal breeder, when kept on a 6-month
photoperiodic cycle would often lamb twice a year. The average duration of post-partum
anoestrus was reduced to 45 days. The shortest time interval between matings was 6.5 months.
Early weaning of lambs could allow further reduction of this interval. The application of a
reversed seasonal photoperiod in winter allows matings 6-10 weeks after lambing in the
following spring. The light treatment has to be applied during pregnancy because of the long
time-lag involved (Ducker & Bowman, 1972).

New trends in photoperiodic control of reproduction

For photoperiodic treatments to be efficient there is a need to have either light-proofed
buildings or to supply additional illumination; both solutions are expensive. So studies have been
designed to obtain basic knowledge of the mechanism of light action in order to eliminate such
expense. Different hypotheses have been advanced as to how the brain measures the daily
variation in illumination. One of them is based upon an endogenous circadian rhythm of photo-
sensitivity with two distinct periods: during the first part, the organism is "light insensitive" and
during the second part, it is "light sensitive" (Bunning, 1960). Thus, the effect of a particular
light—darkcycle depends on the timing of the light change relative to the circadian rhythm of
photosensitivity. To determine if such a hypothesis was valid for sheep, a group of workers at
the Station de Physiologie de la Reproduction, Nouzilly, France, used a so-called "scoto-phase
scan" experiment in the ram and in the ewe. Animals pre-conditioned in short or in long photo-
periods received 8 h illumination split into two periods of 7 h and 1 h duration. The beginning of
the 7 h period was considered to be dawn and the extra hour of light was given at various times
during the dark period (Ravault & Ortavant, 1977; Ortavant, Pelletier, Ravault & Thimonier,
1978; Thimonier et al., 1978).

An analysis of progesterone and prolactin levels in ewes subjected for 15 months to these
light treatments provided three points of interest: (1) the 1-h light pulse given during the 17th
hour after dawn caused a general rise in prolactin; (2) ewes maintained in this constant
photoperiod still displayed seasonal changes in prolactin and seasonal variations of temperature
may have been responsible for these changes; and (3) high prolactin levels did not inhibit the
resumption of ovarian activity.

Blood samples were collected hourly from rams during a 24-h period at different times after
the onset of treatment and concentrations of testosterone, LH, FSH and prolactin were
measured. The diameter of the testes was measured. The results were as follows: (1) a 1-h light
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pulse given during the 17th hour after dawn caused a rise in prolactin; (2) LH secretion increased
when the light pulse was given between 11 and 17-h after dawn; and (3) a 1-h light pulse given
during the 17th hour after dawn stimulated the growth of the testes.

The reproductive processes of the female and the male therefore appear to contain a
photoinducible phase.

As we have already seen with studies of the ewe, the onset of sexual activity is more readily
promoted when the light is decreased quickly. So after having primed rams for 1 month and ewes
for 3 months with a light pulse during the 17th hour after dawn, one group remained in this light
schedule while other groups were formed for which the position of the light pulse was changed to
occur during the 8th, 11th, 14th or the 20th hour after dawn.
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Text-fig. 5. Variations in testis diameter of rams after a change in the position of the 1-h light
pulse in relation to the dawn. (a) The control rams were exposed to normal variation in
daylength. Rams in the other groups received a priming light treatment (horizontal bar) for 1
month of 7L:9D:1L:7D with the 1-h light pulse at the 17th hour. Treatments were then changed
(arrow) to alter the time of the light pulse: (b) 7L:1L:16D (8th hour); (c) 7L:3D:1L:13D (11th
hour); (d) 7L:6D:1L:10D (14th hour); (e) 7L:9D:1L:7D (priming schedule continued, 17th
hour); (f) 7L:12D:1L:4D (20th hour). For each group, the value of 100 was given for the lowest
mean testis diameter on 11 March. There were 6 rams/group. Data from R. Ortavant,
personal communication.
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In rams, the priming light pulse was applied when testis diameter was decreasing. After
testicular regression, the change in the position of the light pulse was followed in all the groups by
an induction of testis growth. The induction was more rapid when the light pulse was given
during the 8th or the 11th hour, but the maximum testis diameter was maintained for a longer
period in the groups for which the light pulse was given during the 14th hour or maintained
during the 17th hour (Text-fig. 5). A similar pattern was observed for the mean 24-h
concentrations of FSH and LH measured at different intervals after the beginning of the light
treatments (M. R. Blanc & J. Pelletier, personal communication).

For ewes, the priming light pulse (17th hour after dawn) induced a quicker onset of anoestrus
than the normal variation in daylength (Table 1). The change in the position of the light pulse
induced an earlier subsequent onset of ovarian activity when the light pulse was given during the
8th, I lth or 14th hour. Irregular ovarian cyclicity was observed in groups for which the light
pulse was maintained at the 17th hour or given during the 20th hour. These treatments were able
to advance the period of ovarian activity by approximately 5 months compared to that in the
controls (Table 1).

Table 1. Effect of a change in the position of the 1-h light pulse relative to dawn in ewes after priming

with a light pulse at the 17th hour

Onset of ovarian activity




Position of the




Priming period End of light pulse after No. of females
15 September- ovarian activity the change with regular

9 January date + s.d. (h after dawn) ovarian activity

7 h light + 18 December 7-8 7/8
1 h 16-17 h + 10-11 7/8
after dawn 21.1 days 13-14 5/8




16-17 7/8




19-20 4/8

Control group* 17 January + 11.6 days




7/7

Date + s.d.t

a28 February + 28.5 days

a2 March + 11.3 days


20 February + 8.6 days

h 9 May + 11-7 days


20 April + 35.7 days

c6 August + 11.1 days

* Normal variations of daylength at 47°N.
t Values with different superscript letters are significantly different at P < 0.05.

Interruption of seasonal anoestrus by teasing

The introduction of rams into a flock of ewes during anoestrus is followed by a peak of
matings: 80% of the females are mated during the period between the 15th and the 24th day
(Prud'hon & Denoy, 1969). Such a phenomenon has also been observed in the goat (Shelton,
1960; Ott, Nelson & Hixon, 1980). This induction of oestrus does not occur when rams are kept
permanently with the females; a period of isolation is necessary (Riches & Watson, 1954;
Oldham, 1980). Recently, the mechanisms involved in the interruption of seasonal anoestrus or
advancement of the breeding season by teasing have been studied in Merino sheep. Within 48 h
after the introduction of the rams, nearly all the females have ovulated (Oldham, Martin &
Knight, 1979). The induced ovulation is silent and is followed in 50% of the females by an
abnormal luteal phase of only 6-7 days (Martin, 1979). Immediately after the beginning of
teasing there is a significant increase in the frequency of LH pulses and a preovulatory LH
discharge occurs within 36 h (Knight, Peterson & Payne, 1978; Cognié, Poindron & Orgeur,
1978; Oldham et al., 1979). Prolactin does not appear to be involved in the process. Teasing is as
effective in ewes with high endogenous levels of prolactin as in females treated with
bromocriptine (Cognié et al., 1978).

Rams do not need to be in physical contact with the females to induce ovulation (Watson &
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Radford, 1960). Induction of ovulation could be mediated by the sense of smell (Morgan, Arnold
& Lindsay, 1972) or could involve a complex of signals (Signoret, 1980).

Furthermore, during oestrus itself, the presence of the male reduces markedly the duration of
the sexual receptivity and hastens ovulation by advancing the timing of the ovulatory LH
discharge (Lindsay, Cognie, Pelletier & Signoret, 1975). This 'ram effect' is in fact well known by
some farmers and has been successfully used for a long time to produce out-of-season breeding.

Hormonal control of reproduction

The problem is not so much to induce oestrus and ovulation but to induce a high fertility. As
early as 1945, PMSG was given alone to induce ovulation in the anoestrous ewe (Zavadosky,
1945) but oestrus was obtained in only a small percentage of females. In fact, the priming of the
central nervous sytem by progesterone is necessary to obtain behavioural oestrus at the first
ovulation of the breeding season (Robinson, 1959). The data presented by Oldham & Martin
(1979) and our own data suggest that during the post-partum anoestrus progesterone acts not
only to facilitate subsequent oestrous behaviour but also to produce a cycle of normal duration.
However, progestagen treatment (progesterone or progestagens) alone given during the anoestrus
does not lead to LH release (Pelletier & Thimonier, I975)—induction of LH discharge is
necessary. In spite of a tremendous number of experiments with oestrogens and releasing factors
to improve LH release at the end of a progestagen treatment, PMSG has remained the most
efficient tool for induction of oestrus and ovulation during anoestrus (Thimonier, 1979) although
the interval between onset of oestrus and ovulation is shortened in 20% of the females (Cognie,
Mariana & Thimonier, 1970). Teasing in progestagen-primed ewes can successfully induce
oestrus and ovulation in the absence of stimulation by PMSG (Cognie, Gayerie, Oldham &
Poindron, 1980). However, more information is necessary to specify the response of seasonally
anovulatory ewes to teasing after progestagen priming.

Several progestagens have been examined for the control of oestrus and ovulation in the ewe
and in the goat, and several routes of administration have been explored. The time to oestrus is
variable depending upon the half-life of the progestagen used, the dose given, the route of
administration, the duration of treatment, the time of injection, dose of PMSG and the breed
(Corteel, 1975).

In fact, the most important problem to be solved with hormonal induction of oestrus and
ovulation during anoestrus is the problem of insemination because seasonal variations are
well-marked in rams and billy goats. Hormonal treatments to increase sperm production and
libido in males have been unsuccessful. Using natural service as the method of breeding needs a
ram to ewe ratio of 1 to 5 or 1 to 10 (Gordon, 1975). Prud'hon, Galindez & Reboul (1975)
have shown that a ratio of 1 to 48 gave a fertility higher than 88%, but this method leads to a
wide range in the time of lambings.

The use of progestagens to control oestrus and ovulation in sheep and goats cannot be
dissociated from artificial insemination (Colas, 1975; Corteel, 1975). It was demonstrated by
Quinlivan & Robinson (1967, 1969) that progestagens disturb transport and survival of
spermatozoa in the female genital tract. The problem of subfertility is now being overcome
(Corteel, 1977; Colas, 1979) in several ways. (1) Sperm production in the ram (18 month old) is
increased by 20% if training is started at 4-7 months of age. (2) Improvements are being made in
the technology for the handling of ram and billy goat semen. For example, temperature,
concentration and diluent are important factors with fresh semen. Removal of the seminal
plasma from the spermatozoa from the billy goat before dilution and freezing improves
subsequent sperm motility and survival and improved fertility results are obtained. (3) It is
necessary to have a high selection rate of males for semen quality. (4) The precise timing of
artificial insemination in relation to the end of progestagen treatment is important.
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Finally, light treatment has been used in combination with progestagens to overcome
anoestrus (Robinson, Fraser & McHattie, 1975) and an average production of 3•5 lambs per
ewe per year has been obtained from highly prolific crossbred ewes.
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