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ABSTRACT 

Exposure of previously isolated anoestrous ewes to a ram induces an almost 

instantaneous rise in luteinising hormone (LH) pulse frequency. This physiological 

response, a phenomenon coined 'the ram effect' is commonly sufficient to override 

the seasonal suppression of the hypothalamic-pituitary axis and induce a synchronous 

first ovulation. 

The objective of the first series of experiments in this thesis was to develop a non

pharmacological method of oestrus synchronisation, using socio-sexual cues, for 

natural mating of mule ewes during the breeding season. Initially two experiments 

were conducted to investigate the effect of short-term fence line and vasectomised 

ram exposure repeated every 17 days on three occasions during the transition into the 

breeding season. Ewes repeatedly exposed to the ram had a significantly compacted 

mating period compared to ewes maintained in isolation from rams prior to mating. 

This compaction persisted through to lambing with no significant negative effect on 

litter size. Artificially inseminated ewes synchronised using the above method of ram 

synchronisation had higher conception rates than progestagen synchronised ewes. 

The second objective was to compare the efficacy of different durations and 

frequencies of ram exposures as methods of oestrus synchronisation. Ewes maintained 

continuously with rams over the pre-mating period had a more compacted mating and 

lambing period than ewes exposed intermittently to rams. 

Maiden ewes typically show a poorer level of reproductive competence than adult 

ewes. Similarly maiden ewes induced to ovulate using the ram effect have been found 

to have a lower ovulatory response. The next objective of this thesis was to determine 

if pre-exposure to the ram during anoestrus or the breeding season would modulate 

the hormonal and behavioural responses of maiden ewes when re-introduced to rams 

during the breeding season or anoestrus. There was no major effect of prior 

experience of the ram on any parameters of the LH response to ram introduction. 

However ewes with prior ram experience did have more positive interactions with the 

rams and demonstrated more ram seeking behaviour. 
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Incorporation of socio-sexual cues with artificial methods of reproductive control has 

to date been restricted to ram exposure post progestagen sponge withdrawal. 

Therefore the final objective of this thesis was to investigate the effect of ram 

exposure towards the end of a progestagen synchronisation protocol on ewe fertility. 

There was no significant difference in conception rates between ram exposed and 

control ewes, however ram exposed ewes had a significant depression in mean litter 

size due to a greater number of ewes having single lambs. 

The studies in this thesis show a robust and repeatable endocrine response to ram 

introduction in mule ewes exposed to the ram during the transition between anoestrus 

and the breeding season. The potency of the socio-sexual cues from the ram permits 

modification of the distribution of oestrus within randomly cycling ewes. The findings 

in this thesis highlight the potential for application and development of pre-mating 

strategies using socio-sexual cues within seasonal breeds of sheep. 
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1. GENERAL INTRODUCTION 

Reproduction in the ewe involves a cascade of endocrine and neural events that are 

heavily influenced by season, nutrition and social interactions. From an evolutionary 

perspective it is critical to coordinate reproductive activity between the male and 

female and to relate the timing of reproductive activity with the supply of food and 

water to permit successful conception and species survival. 

1.1 THE OESTROUS CYCLE 

The oestrous cycle is a self perpetuating senes of events that are under 

neuroendocrine control (Figure 1.1). The beginning of the oestrous cycle is initiated 

by ovulation of a mature Graffian follicle that under the continuing influence of 

luteinising hormone forms a corpus luteum. The corpus luteum releases progesterone 

that maintains low circulating concentrations of LH and prevents ovulation of any 

developing follicles. This period of progesterone dominance is termed the luteal 

phase, where oestradiol and progesterone act synergistically to maintain a low level of 

LH pulse frequency (Martin et al., 1983a). An increase in prostaglandin F2cc causes 

regression of the corpus luteum and the onset of the follicular phase (Figure 1.1) 

where the endocrine milieu is primarily dominated by oestradiol (Review; Clarke, 

1984). Due to the relatively weak inhibition of LH by oestradiol during the breeding 

season, there is a progressive increase in LH pulse frequency (Review; Karsch, 1980). 

Figure 1.1 shows the progressive increase in oestradiol and LH relative to the 

declining concentrations of progesterone induced by regression of the corpus luteum. 

The progressive increase in LH and oestradiol from the developing follicle eventually 

reaches a critical threshold and the initiation of an LH surge that leads to ovulation of 

the follicle and resumption of another cycle. 

1.1.1 NEUROENDOCRINE CONTROL 

The control of the oestrous cycle is exerted by interplay between hormones 

synthesised in the hypothalamus, anterior pituitary gland and the gonads as illustrated 

in Figure 1.2. 

1.1.1.1 GONADOTROPHIN RELEASING HORMONE 

Gonadotrophin releasing hormone (GnRH) is synthesised in the neurons of the 

hypothalamus and is released into the median eminence for transport by the 

hypophyseal portal system to the infundibulum (Sherwood et al., 1976). GnRH 



release is pulsatile and Figure 1.2 shows the direct relationship between pulses of 

GnRH and pulses of luteinising honnone (LH). 

PreovuJatory surge .v ofLH (and fSH) 

Ovulation 

J 

.......................... ~ ............. , ..... I·····;···· ..... U ...... ~PO 

" ...,.. ~ 

\ 
Progcsreronc 

Figure 1.1 Schematic representation of the endocrine events during the oestrous cycle 

of the ewe (Martin and Thomas, 1990) 

1.1.1.2 LUTEINISING HORMONE 

Luteinising hormone (LH) is released from the anterior pituitary gland and is critical 

to follicular development and ovulation and is so called, as it is responsible for 

luteinsiation of the ovulated follicle and formation of a functional corpus luteum. At 

all stages of the oestrous cycle, a pulse of LH stimulates synthesis and secretion of 

oestradiol from the granulosa cells of mature Graffian follicles (review; Baird and 

McNeilly, 1981). 
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During the luteal phase, LH release is suppressed by a complex interplay between 

progesterone and oestradiol (Karsch et ai., 1977) and LH pulse frequency is low and 

pulse amplitude high (Martin, 1984). At luteolysis the declining levels of 

progesterone are associated with an increase in LH pulse frequency as oestradiol 

alone is a poor suppressor of LH release (Martin, 1984). During the follicular phase 

oestradiol alone is unable to suppress LH release, thus resulting in an increase in high 

frequency, low amplitude pulses ofLH. The cumulative increase in LH and oestradiol 

concentrations eventually reaches a threshold and stimulates the onset of the LH 

surge. The LH surge is composed of frequent, low amplitude pulses of LH (Baird, 

1978; Martin et ai., 1987) 

1.1.1.3 FOLLICLE STIMULATING HORMONE 

Follicle stimulating hormone (FSH) is released from the anterior pituitary gland and is 

critical to follicle development. FSH concentrations fluctuate over the oestrous cycle 

in a similar way to LH however release is not pulsatile or as markedly constrained by 

progesterone (Findlay and Clarke, 1987). FSH release is controlled almost entirely by 

hormones produced from the developing antral follicles, namely oestradiol and 

inhibin, which act synergistically to suppress FSH release at the level of the anterior 

pituitary gland (Martin et ai., 1988). 

1.1.1.4 OESTRADIOL 

Oestradiol is synthesised from the thecal cells of the developing follicle and is 

involved in regulation of follicle development within the follicular wave (Scaramuzzi 

et ai., 1993). Oestradiol production increases with the size and developmental stage of 

the follicle and acts synergistically with inhibin to suppress FSH below that required 

for development of smaller, gonadotrophin dependent follicles (Scaramuzzi et ai., 

1993). 

1.1.1.5 INHmIN 

Inhibin is synthesised by the granulosa cells of gonadotrophin independent and 

ovulatory follicles and as outlined above directly inhibits secretion of FSH. 

Immediately after the pre-ovulatory surge of LH, inhibin levels decrease which 

coincides directly with a surge ofFSH (Findlay et ai., 1991). 
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1.1.2 OESTROUS BEBA VIOUR 

Expression of oestrous behaviour requires a period of progesterone priming to permit 

elicitation of oestrogen induced oestrous behaviour (Robinson, 1954) 

1.1.2.1 NEURAL CONTROL OF OESTROUS BEBA VIOUR 

Recent work (Fabre-Nys et at., 2003) has highlighted the role of a number of 

neurotransmitters in the medial basal hypothalamus critical to the expression of sexual 

behaviour in the ewe, specifically mesolimbic dopamine and noradrenalin. Dopamine 

has been shown to have a biphasic role in optimising specifically the receptivity of the 

ewe to the ram. Levels of dopamine are elevated for the duration of the declining 

progesterone phase associated with the regressing corpus luteum that has the effect of 

placing a hypothetical brake on the neural processes occurring within the medial basal 

hypothalamus. The increase in oestradiol that occurs with the growth and 

development of the dominant follicle induces a sharp drop in the levels of dopamine 

that subsequently remain low, and is ensued by an increase in levels of noradrenalin 

and rapid expression of behavioural oestrus (Fabre-Nys et at., 2003). The function of 

this stimulation/suppression pattern of dopamine release is to prime the neural 

mechanism and result in optimum receptivity of the ewe to the ram. If the endocrine 

pattern of events alters, such as during the onset of the breeding season where the first 

cycle of the breeding season is not preceded by a sustained period of elevated 

progesterone (Karsch et a/., 1984), this pattern of dopamine release is affected and 

behavioural oestrus does not occur and the receptivity of the ewe to the ram is low 

(Fabre-Nys et ai., 2003). 
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Figure 1.2 Schematic representation of the endocrine links between the hypothalamus, 

pituitary gland and ovary. Important points to note are the pulsatile nature of release 

of GnRH from the hypothalamus that stimulates pulsatile release of LH from the 

anterior pituitary gland. This is in contrast to GnRH stimulated release of FSH that is 

not pulsatile. (Thiery and Martin, 1991) 
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1.2 SEASONALITY 

Seasonal breeding has been termed natures contraceptive as it coordinates the onset of 

reproductive activity with the projected time of plentiful food and water supply 

(Lincoln and Short, 1980). The majority of sheep breeds are anoestrus for at least 

some proportion of the year (Rekwot et al., 2001) with the degree and depth of 

seasonality dependent upon breed and climate. Studies have found that within sheep 

native to temperate climates, photoperiod plays the preponderant role in controlling 

the onset and succession of reproductive activity (Karsch et al., 1984). This greater 

dependency on photoperiod corresponds with a greater 'depth of anoestrus' in 

temperate breeds of sheep. In contrast, breeds of sheep native to more tropical 

climates have a short and light anoestrous period with food supply and temperature 

playing the major role in dictating the distribution of reproductive activity (Karsch, 

1984). 

1.2.1 ANNUAL PATTERN OF REPRODUCTIVE ACTIVITY 

The breeding season of the ewe is characterised by spontaneous behavioural oestrus 

and ovulation, on average every 17 days. In the absence of fertilisation and pregnancy 

the pattern of events outlined in Figure 1.1 occurs recurrently until the cessation of 

breeding activity and the onset of the anoestrous period. The transition into anoestrus 

occurs gradually with an increased sensitivity of the GnRH pulse generator to the 

negative effects of oestradiol (Karsch, 1984) that will be outlined in detail in Chapter 

1.2.2. The anoestrous period is characterised by low LH pulse frequency (one pulse 

every 8-12 hours; Karsch et al., 1984) which is a marked depression even compared 

to pulse frequency during the heavily progesterone influenced mid luteal phase (one 

pulse every 3-4 hours; Yuthasastrakol et al., 1977). During anoestrus, follicles 

continue to grow and develop to a similar size observed in the breeding season 

(Review; Rawlings et al 2003). However the potency of oestradiol to suppress LH 

release is markedly enhanced (Legan et al., 1977) and thus prevents ovulation 

The period of transition from anoestrus to the breeding season commences between 1 

and 4 weeks before the onset of the breeding season (1' Anson and Legan, 1988) and is 

characterised by fluctuating sensitivity of the hypothalamic-hypophyseal axis to 

oestradiol resulting in shifts in LH pulse frequency (Karsch et ai., 1984). These 

spontaneous, episodic elevations in LH concentrations last only 1-3 days and are 
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typically followed by a transient rise in progesterone (rAnson and Legan, 1988) 

thought to synchronise follicular dynamics and ensure a normal luteal phase at the 

onset of cyclicity (Legan et al., 1985; Ravindra and Rawlings, 1995). Short oestrous 

cycles (5-6 days) are common at the onset of the breeding season and typically occur 

without oestrus (Review; Bartleswki et a/., 1999). 

1.2.2 PHOTO-NEUROENDOCRINE CONTROL 

Photoperiod controls the onset and cessation of breeding activity through a gradual 

decrease or increase of the sensitivity of the hypothalamic-hypophyseal axis to the 

negative effects of oestradiol (Karsch et al., 1980). During the transition into 

anoestrus the regression of the corpus luteum of the last oestrous cycle induces the 

characteristic increase in concentrations of LH. However the increase in LH is 

constrained by the accompanying increase in oestradiol from the developing follicles 

thus preventing ovulation (Karsch et al., 1980). The negative effects of oestradiol on 

LH release during anoestrus are mediated at the level of the hypothalamus by a 

reduction in GnRH pulse frequency, rather than a depression in pituitary 

responsiveness to GnRH (Karsch et al., 1987; 1993). 

The sensitivity of the hypothalamic-hypophyseal axis to the negative effects of 

oestradiol is dictated by photoperiod. The mechanism behind the mediation of the 

photic stimuli to the hypothalamus process is clearly represented in Figure 1.3. Light 

is detected by photoreceptors on the retina and relayed to the suprachiasmatic nuclei 

of the hypothalamus (Karsch et ai., 1984). The neural input is converted into a 

hormonal signal at the level of the pineal gland with the duration of melatonin 

elevation directly proportional to night length. Therefore as sheep are short day 

breeders, diminished melatonin that is indicative of a short night length, sensitises the 

GnRH pulse generator to the negative effects of oestradiol thus suppressing GnRH 

release (Figure 1.3). In contrast extended melatonin release stimulates the GnRH 

pulse generator and desensitises it to the negative effects of oestradiol thus permitting 

an increase in GnRH pulsatility (Karsch et ai' J 1984). However as outlined above, the 

transition in the sensitivity of the hypothalamic hypophyseal axis to the suppressive 

effect of oestradiol is not an acute change (Karsch et al., 1984). 
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Figure 1.3 Schematic representation of the model for neuroendocrine control of 

control of oestrous activity and inactivity during the anoestrus and breeding season 

(Karsch et al., 1984). Abbreviations explained: -

• SeN represents the suprachiasmatic nuclei 

• + / - MELATONIN indicates inhibitory or inductive action of melatonin on 

the hypothalamic-hypophyseal axis 

• -FB indicates the negative feedback between ovanan steroids and the 

hypothalamic-hypophyseal axis. 

Although photoperiod is critical in dictating the pattern of reproductive activity, it can 

also be modulated by other external factors (Karsch, 1984). Introduction of a ram to 

anoestrous ewes stimulates an increase in LH pulse frequency that overrides or 

bypasses this photoneuroendocrine control of reproductive activity to induce an LH 

surge and ovulation (Review; Martin et al. 1986). 
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1.3 PHARMACOLOGICAL METHODS OF MANIPULATING OESTROUS 

CYCLES IN THE EWE 

Pharmacological control of oestrus usmg synthetic progestagens was developed 

during the 1950s and permits synchronisation of breeding both during the breeding 

season and anoestrus (Robinson 1954). Intravaginal pessaries are commonly used to 

synchronise the oestrous cycles of sheep, as the pessary mimics the action of a corpus 

luteum by providing an artificial source of progesterone that is sufficient to suppress 

gonadotrophin production (Robinson 1974). Removal of the pessary removes the 

progestagen block and induces synchronous re-instatement of gonadotrophin release 

and subsequent ovulation in treated ewes. Artificial progestagen synchronisation is 

frequently associated with administration of equine chorionic gonadotrophin (eCG) 

that is also known as pregnant mare serum (PMSG). The purpose of these substances 

is to improve ovulation rate and synchrony at the synchronised oestrus (Boscos et al., 

2002). 

1.4 NON-PHARMACOLOGICAL METHODS OF MANIPULATING 

OESTROUS CYCLES IN THE EWE 

Ram introduction to anoestrous ewes elicits an almost instantaneous increase in LH 

pulse frequency, typically within 2-4 minutes of ram introduction as shown in Figure 

1.4 (Martin et al., 1986; Gelez et al., 2004a). This physiological response was first 

identified by Underwood et al., (1944) and was termed the 'ram effect'. Under certain 

physiological states, this endocrine response is sufficient to overcome the seasonal 

suppression of the hypothalamic-pituitary axis and induce an LH surge and ovulation. 

Within responsive breeds of sheep, the subsequent distribution of oestrus and 

maintenance of cyclic activity is relatively predictable and permits out of season 

breeding (Reviews; Martin et al., 1986; Walkden-Brown et al., 1999; Rosa and 

Bryant 2002). Manipulation of reproductive activity of anoestrous females using 

oestrous females (Zarco et al., 1995; Nugent and Notter, 1990; O'Callaghan et al., 

1994) is a contentious issue and will be discussed fully in Chapter 2.3.2. 
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Figure 1.4 Schematic representation of LH release in anoestrous ewes introduced to a 

ram - The 'ram effect'; Gelez and Fabre-Nys (2004) 
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1.5 WHY IT IS IMPORTANT TO STUDY NATURAL METHODS OF 

MANIPULATING REPRODUCTION THAT ARE APPLICABLE TO UK 

SYSTEMS. 

Oldham and Pearce (1984) identified the ram effect as a potential method of 

controlling sheep breeding to provide farmers with a cheap, reliable and non

phannacological method of oestrus synchronisation. The ram effect is used widely in 

sheep production in Australia and New Zealand for breeding of ewes during anoestrus 

(Review; Martin et al., 2004) and in artificial insemination protocols (Corke, 1980). 

However in the UK, application of the ram effect is limited to late anoestrus and the 

magnitude, repeatability and predictability of the response is lower than in less 

seasonal breeds of sheep. Therefore development of pre-mating strategies using socio

sexual cues remains a relatively untapped resource. 

In the absence of modification of the seasonality of British breeds of ewe using 

melatonin implants (Rekik et al., 1991; Rosa et al., 2000), adoption of management 

techniques using the ram effect for out of season breeding may never be applicable to 

UK sheep production. However evidence of an endocrine and ovulatory response to 

the ram effect late in anoestrus (Rosa et al., 2000; AI-Mauly et al., 1991) infers the 

potential for developing ram effect strategies that are specifically designed for 

seasonal breeds of sheep. 

The specific importance of development of non-pharmacological strategies for 

manipulating reproduction is highlighted by the increasing consumer demand for 

more "clean, green and ethical" farm practices (Martin et ai., 2004). Furthennore 

pharmacological synchronisation procedures are unacceptable in organic production 

systems (Compendium of organic standards, 2004) therefore preventing the potential 

for genetic improvement through artificial insemination. 

11 



2. REVIEW OF THE RELEV ANT LITERATURE 

In the wild, ewes and rams will spend the anoestrous period in isolation from each 

other, which results in an intense period of stimulatory sexual activity at the time of 

reunification (Shackelton and Shank, 1984). The co-ordination of sexual receptivity 

between males and females plays a vital role in the reproductive and thus evolutionary 

success of a species (McClintok, 1983). This is of particular relevance within prey 

species such as the sheep, where the co-ordination of reproductive activity and thus 

parturition is a defence mechanism against predators (Walkden Brown et al., 1999). 

Pheromones are an airborne chemical substance secreted externally from an animal 

that result in a specific reaction in another animal, resulting in an endocrine and/or 

behavioural response (Doty, 1976). Olfactory communication plays a critical role in 

the coordination and transmission of physiological receptivity between males and 

females (McClintok, 1983). However though the concept of pheromonal 

communication is well established in insects and rodents, the relevance of the term 

'pheromone' to sensory communication between the ewe and the ram has been 

questioned. Martin et al., (1986) identified many inconsistencies between the 

definition of the term pheromone and the stimulus responsible for the ram effect. I 

have outlined below the definition of the term pheromone and the contradictions 

identified by Martin et al., (1986) with further modifications based on recent work in 

the area of the ram effect. 

1. A pheromone should be a single (or very few) characterised compounds 

Sheep: The ram pheromone has only been partially identified and IS 

composed of substances from both neutral and acid fractions (Cohen

Tannoudji et al., 1994) and is a complex not simple substance (Gelez and 

Fabre-Nys, 2004). 

2. Evoke responses which are not learned or genetically programmed 

Sheep: It has not been conclusively determined if learning plays a role in 

the elicitation of the endocrine response to the ram. Gelez et al., (2004c) 

found some evidence of a necessity for pre-exposure of sexually naIve 

maiden ewes to the ram, in order for them to respond to the ram 

pheromone. 
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3. Be specific to one particular action or effect 

Sheep: This appears to concur to the definition of the pheromone, as it is 

associated with an increase in LH secretion (Martin et al., 1986). 

4. Not be able to be substituted by any other stimulus 

Sheep: In sexually experienced ewes, the olfactory stimulus can be 

completely substituted by exposure to audio, visual and tactile cues from 

the ram (Cohen-Tannoudji et al. 1986). 

5. Be specific for a particular species 

Sheep: It is not a species-specific response as exposure of anoestrous ewes 

to buck odour elicits a comparable endocrine response (Knight et al., 1983). 

Therefore due to these inconsistencies and in particular the additive (Pearce and 

Oldham, 1988) and substitutive roles (Cohen-Tannoudji et al. 1986) of the non

olfactory stimuli, it is more appropriate to refer to the stimuli responsible for 

mediating the ram effect as socio-sexual cues. 

2.1 THE MALE EFFECT IN ANOESTROUS SHEEP - "THE RAM EFFECT" 

2.1.1 THE ENDOCRINE RESPONSE 

As stated previously, ram introduction to anoestrous ewes elicits an almost 

instantaneous increase in LH pulse frequency that in continued ram presence is 

sustained for at least 12 hours (Martin et al., 1986). Within anoestrous ewes, LH pulse 

frequency is infrequent due to the suppressive action of oestradiol on the 

hypothalamic-hypophyseal axis (Legan et al., 1977). However this increase in LH 

pulse frequency is, in certain breeds of sheep and under certain physiological states, 

sufficient to override the seasonal suppression of the hypothalamic-hypophyseal axis, 

resulting in an LH surge and ovulation as shown in Figure 1.4 (Martin et al., 1980). 

FSH plays a less critical role in the ram effect and changes in circulating 

concentrations are less rapid (Martin et aI., 1983a). Reports of the timing of the LH 

surge are very variable both within and between breeds (Review; Martin et al., 1986). 

Studies investigating the ram effect in Merino ewes have reported the timing of the 

LH surge between 12 ± 3 hours (Pearce et al. J 1985) and 37 ± 5 hours (Oldham and 

Pearce 1983) after ram introduction. More seasonal breeds typically have a later LH 

surge such as the Prealpes-du-Sud ewes, where timing of the LH surge was recorded 
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as 40 ± 2 hours (Martin et al., 1985). The period between the LH surge and ovulation 

is not affected by the presence of the ram and occurs at between 22 and 26 hours after 

the LH surge (Cumming et al., 1973). Overall however, Martin et al., (1986) 

suggested that the period available for follicular growth, i.e. that between ram 

introduction and ovulation, is typically less than 60 hours, which is shorter than 

during the follicular phase of normal cycling animals. 

Therefore in summary most ram affected ewes ovulate between 30 and 72 hours after 

ram introduction (dependent on breed and depth of seasonality, factors that will be 

discussed in more detail in Chapter 2.2.1) with the majority of variation from breed 

and individual differences in time from ram introduction to the LH surge (Martin et 

al., 1986). 

It is reportedly the increase in LH pulse frequency and not pulse amplitude that is the 

critical factor in determining if ewes ovulate in response to the ram effect (Martin et 

al., 1986). However it is of interest that LH pulse frequency is not always a reliable 

indicator of whether ewes ovulate in response to the ram effect. Oldham and Pearce, 

(1983) found that within ewes ovulating in response to the ram effect, a proportion 

showed a minimal increase in LH pulse frequency yet ovulated within 72 hours of 

ram introduction. 

2.1.2 LUTEAL FUNCTION AND DISTRIBUTION OF BEHAVIOURAL 

OESTRUS 

Conventional application of the ram effect during anoestrus is associated with a 

biphasic spread of behavioural oestrus between 18 and 25 days after ram introduction 

(if ram presence is maintained) as shown in Figure 2.1 (Underwood et aI., 1944; 

Oldham and Martin 1978; Pearce and Oldham, 1984). The first peak of oestrous 

activity around Day 18 is due to ewes that ovulated and had a full-length oestrous 

cycle in response to ram introduction. The second peak of oestrous behaviour around 

Day 25 reflects the luteal activity of ewes having a short luteal phase after the initial 

ram induced ovulation, followed by a normal length luteal phase (Oldham and Martin, 

1978). Premature regression (within 5-6 days of ovulation) of the ram induced 

corpora lutea occurs within 50-60% of ewes (Martin et al.) 1986). The rise in 

progesterone associated with these short lived corpora lutea is typically insufficient to 
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prime the system, thus resulting in ovulation but again in the absence of oestrus, with 

the first expression of behavioural oestrus at the third ovulation relative to ram 

introduction (Pearce et al., 1985). Within the remaining proportion of ewes having 

normal length luteal phases, behavioural oestrus occurs at the second ovulation 

relative to ram introduction (Martin et al., 1986). 

Short oestrous cycles are not exclusive to ovulations stimulated by the ram effect and 

occur at the onset of puberty (Keisler et al., 1983) and the breeding season (Legan et 

al., 1985). The cause of short cycles in ewes stimulated to ovulate by the ram effect 

was initially thought to be a function of the period available for follicular growth and 

the random distribution of follicle development within follicular waves (Martin et aI., 

1986). This was deduced by the eradication of short cycles when ewes are treated 

with an artificial progestagen prior to ram introduction and the association of this pre

treatment with a lengthened interval between ram introduction and the LH surge 

(Martin et al., 1980). Furthermore administration of progestagen treated ewes with 

GnRH to advance the LH surge to the time typically associated with the ram effect 

resulted in a similar proportion of ewes having short cycles (Pearce et al., 1985). 

However more recent work has shown that hysterectomy eliminates the occurrence of 

short cycles in ewes stimulated to ovulate with the ram effect thus indicting that it is 

premature release of uterine PGF21X that is the cause of premature regression of the 

ram induced corpus luteum (Chemineau et al., 1993; Lassoued et aI., 1997). The 

method in which progesterone mediates this premature action of PGF2ac is currently 

unknown, however Lassoued et al., (1997) proposed a possible effect of progesterone 

priming that restricts up regulation of uterine oxytocin receptors on Day 5 after ram 

introduction. Furthermore Beard and Hunter (1994) previously identified the delayed 

decline in oxytocin receptors in ewes not primed with progesterone as the principle 

mechanism in premature luteolysis of the corpus luteum, 
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Figure 2.1 The patterns of ovulation and oestrus induced by introduction of rams to 

anoestrus ewes. Oldham and Martin, (1978) 
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2.1.3 MODE OF ACTION OF THE RAM EFFECT 

Discovery of the ram effect led to investigations into how the ram stimulus can 

overcome the refractory state of the ewe during anoestrus and elicit an almost 

instantaneous increase in LH pulse frequency. The hypothesis behind the mode of 

action of the ram affect has been modified over the years (Review; Martin et al., 

1986). Two main mechanisms have been proposed, a reversal of the negative effect of 

oestradiol at the level of the hypothalamus (Martin and Scaramuzzi, 1983) and 

alternatively a direct effect on LH release that is independent of oestradiol (Martin et 

al., 1980). Martin et al., (l983c) implanted ovariectomised ewes with oestradiol 

implants in spring (anoestrus) and oestrogen and progestagen implants during autumn 

(breeding season) to mimic the reduction in LH pulse frequency observed during both 

anoestrus and the luteal phase. Ram introduction to these modified ewes resulted in a 

rapid increase in LH pulse frequency (Martin et al., 1983c). However even in the 

absence of steroid implants, ram introduction was associated with an increase in the 

basal levels ofLH in ovariectomised ewes (Martin et al., 1983c). Martin et al., (1986) 

concluded a direct effect of the socio-sexual cues from the ram that bypasses the 

neural circuitry that constrains LH release. They suggested that it was merely easier to 

detect this effect in ewes under the influence of seasonal suppression of LH by 

oestradiol due to the low pulse frequency prior to ram introduction (Martin et al., 

1986). 

2.1.3.1 PHEROMONES 

Pheromones play a critical role in male and female communication in rodents 

(Review; Izard, 1983) thus it was deduced that they would playa critical role in male 

to female communication in sheep (Martin et al., 1986). There are two types of 

pheromones, specifically primer pheromones that elicit a physiological response and 

releaser pheromones that modify an animal's behaviour (Reviews; Silverman 1977; 

Brennan and Keveme, 2004). The chemical substance or pheromone associated with 

elicitation of an LH response in anoestrous ewes exposed to a ram is released from 

sebaceous glands in the skin and wax collected from the ante orbital region of the eye 

(Knight and Lynch, 1980). Ram urine is not effective in stimulating an endocrine 

response in anoestrous ewes (Knight and Lynch, 1980) in contrast to evidence in 

rodents (Review; Izard, 1983). The capacity for ewes to respond to rams wool alone 

indicated that the endocrine response observed when rams are introduced to 
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anoestrous females was due to a specific primer pheromone similar to that in rodents. 

Furthermore wether lambs treated with testosterone are as effective as rams In 

inducing ewes to ovulate by the ram effect (Fulkerson et ai., 1981). 

2.1.3.2 NON-OLFACTORY STIMULI 

The mediation of the ram effect by olfactory stimuli is well documented in the 

literature (Knight and Lynch, 1980; Rekwot et ai., 2001; Signoret et ai., 1982). 

However more recent work emphasises the concept of a synergistic relationship 

between pheromones and the other exteroreceptive cues of behavioural, audio, visual 

and tactile stimuli (Cohen-Tannoudji et ai, 1986; Pearce and Oldham, 1988; Perkins 

and Fitzgerald, 1994). Consideration of the ram stimulus as a combination of socio

sexual cues is an important concept when considering the ram effect, however there is 

some division in the literature as to importance of the non-olfactory stimuli. Morgan 

et ai, (1972) found that ewes with an impaired sense of smell did not exhibit oestrus 

in response to ram introduction thus inferring that non-olfactory cues are insufficient, 

in the absence of chemical stimulation, to elicit an ovulatory response to the ram 

effect. However, in contrast Cohen-Tannoudji et al., (1986) found that anosmic ewes 

(identified as anosmic using a repulsion test and post-experimental dissection) 

responded to ram exposure with a comparable LH response to intact ewes. 

Furthermore exposure of the same sample of ewes to wool extracts alone resulted in a 

zero response rate. This theory is further supported by the work of Pearce and 

Oldham, (1988) that examined the effects of restricting certain aspects of the ram 

stimulus on the ovulatory response of adult ewes. Specifically ewes were given full 

ram contact, opaque or clear fence line ram contact or isolated from rams prior to 

mating. Pearce and Oldham (1988) found a progressive increase in the number of 

ewes ovulating from no contact to visual contact through to a maximum ovulatory 

response from full ram contact. Therefore it was concluded that though pheromonal 

involvement undoubtedly forms a functional part of the ram stimulus, the ram effect is 

not associated solely with olfactory cues and that the other socio-sexual cues are of 

critical importance to the expression of this phenomenon (Pearce and Oldham, 1988). 

Identification of the ram as a mate is important to coordination of male and female 

activity (Review; Pfaus et al., 2001). Kendrick and Baldwin (1987) identified the 

ability for sheep to distinguish between visual characteristics of other sheep and 
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animals that thus permits differentiation between sexes, dominance ranking and the 

potentially threatening faces of dogs and humans. Of particular interest is the 

preference of anoestrous females for female faces and a change in preference towards 

male faces when the same ewes were in oestrus (Kendrick et ai., 1995). This evidence 

shows that sheep are able to distinguish between faces of individuals within and 

between breeds and sexes (Kendrick et ai., 1995). The shift in gender preference with 

physiological state also supports evidence of ewes actively seeking rams during the 

oestrous period (Fletcher and Lindsay, 1968). 

2.1.3.3 DETECTION AND PROCESSING OF THE SOCIO

SEXUAL CUES 

In mammals olfactory signals are detected through one of two pathways; the 

accessory olfactory system and the main olfactory system. Each of these systems is 

physiologically separate from the other both in terms of anatomical location and 

function. Figure 2.2 outlines the current knowledge regarding the role and anatomical 

pathways of these two systems in rodents and in sheep. 

MALE 

Accessory olfactory system 

Vomeronasal 
organ 

Accessory 
olfactory bulb 

Main 
olfactory 

bulbs 

Main olfactory system 

Direct connections to the hvpothalamus 

Cognitive 
regions of the 

brain 

Indirect connection to hypothalamus 
via regions of the brain involved in 
cognitive processing 

Fig 2.2 Schematic representation of the roles of the accessory and main olfactory 

systems in male elicited endocrine and behavioural responses in rodents and sheep. 

1. Accessory olfactory system - The vomeronasal organ (VNO) and the 

accessory olfactory bulbs (AOS). 
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Chemosignals are detected by receptors in the vomeronasal organ that has 

axons projecting into the accessory olfactory bulb. This message is then 

communicated directly to the hypothalamus due to projections from the 

accessory olfactory bulb into the ventromedial and preoptic area of the 

hypothalamus (rat; Scalia and Winans, 1975, sheep; Jansen et al., 1998). 

Rodents - Critical role In detection of chemosignals that induce a 

neuroendocrine response; Example; male induced LH response and 

spontaneous abortion on exposure to a novel male (Bruce, 1960). Destruction 

of the VNO blocks the endocrine response to the chemosignals responsible for 

these processes (Wysocki and Lepri, 1991) 

Sheep - Destruction of the VNO does not restrict the LH response to ram 

introduction in sexually experienced ewes (Cohen-Tannoudji et al., 1989). 

Destruction of the main olfactory epithelium whilst leaving the accessory 

olfactory system intact renders ewes incapable of responding with an LH 

response to ram introduction (Gelez and Fabre-Nys, 2004). However 

introduction of a ram to ewes induces a significant increase in Fos activation 

in the both the accessory and main olfactory bulbs (Gelez et aI., 2002) thus 

indicating an as yet undetermined accessory role in the detection and 

processing of ram odour (Gelez and Fabre-Nys, 2004) 

2. Main olfactory system. 

Chemosignals mediated through the main olfactory system (MOS) are subject 

to a degree of neural processing within the brain before acting upon the 

hypothalamus due to projections from the main olfactory system into the 

processing regions of the brain (Jansen et al., 1998). 

Rodents - Introduction of a sexual partner does not induce an increase in F os 

activation in the main olfactory bulb (Halem et al., 1999). Destruction of the 

olfactory epithelium does not modulate the responses to male urine or 

pregnancy block by novel male (Review, Gelez and Fabre-Nys, 2004). 

Furthermore the main olfactory system cannot compensate for the destruction 

of the vomeronasal organ (Wysocki and Lepri, 1991) thus indicating that 
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pheromonal cues from the male are mediated exclusively through the 

accessory olfactory system (Gelez and Fabre-Nys, 2004). 

Sheep - As outlined above the mam olfactory system is crucial to the 

mediation of the ram effect by the ram pheromone alone (Gelez and Fabre

Nys, 2004). However when the olfactory epithelium is obliterated completely 

and ewes are incapable of smell (anosmia), sexually experienced ewes 

exposed respond to a ram with an endocrine response that is comparable to 

intact ewes. Anosmic ewes exposed to rams fleece alone do not exhibit an LH 

response (Cohen-Tannoudji et al., 1986) 

2.2 FACTORS AFFECTING THE RESPONSE OF EWES TO THE RAM 

EFFECT 

2.2.1 DEPTH OF ANOESTRUS 

Depth of anoestrus both between and within breeds is critical to the predictability of 

successful ovulations in response to the ram effect (Lindsay and Signoret, 1980). Less 

seasonal breeds of sheep such as the Merino have a significantly greater propensity to 

ovulate in response to the ram effect with an estimated ovulatory response rate of 

between 40 and 100% (Martin, 1984). In contrast however, the efficacy of the ram 

effect is considerably more limited in more seasonal breeds of sheep such as Suffolk 

and Scottish Blackface ewes resulting in limited application of the ram effect in these 

breeds (Knight, 1980). However it is interesting that the reduced ovulatory response 

of Suffolk ewes during anoestrus does not appear to be due to an inability to acutely 

release LH in response to ram introduction (Minton et ai., 1991). The depth of 

anoestrus is a function of endogenous breed seasonality and climate, thus Merino 

ewes in the more temperate UK climate would not respond as readily to the ram effect 

as Merinos kept in more tropical climates. 

A widely used measure of depth of seasonality both between breeds and over time 

during the annual cycle of reproductive events is the numbers of ewes spontaneously 

ovulating. Lindsay and Signoret (1980) demonstrated clearly that the percentage of 

ewes ovulating in response to the ram effect was directly proportional to the 

percentage of ewes spontaneously ovulating at the same stage of the annual 

reproductive cycle. Pearce and Oldham (1984) however also suggested that this might 
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be a function of the spontaneously cycling ewes facilitating the response of the 

anovular ewes to the ram introduction. This theory is widely supported by the 

extensive evidence of a positive effect of exposure of rams to oestrous ewes (Knight, 

1985; Knight et al., 1998) and introduction of rams with oestrous ewes (Nugent and 

Notter, 1990) on their ability to induce successful ovulations in anovular ewes. 

However this topic will be discussed fully in Chapter 2.3 

The proportion of ewes that return to an anoestrous state after ovulating in response to 

the ram effect is heavily dependent on the timing of the initial ram introduction 

relative to the onset of the natural breeding season (Oldham and Cognie, 1980). There 

is a direct relationship between the proximity of the breeding season and the number 

of ewes having sustained oestrous cycles. This is of particular relevance in the more 

seasonal breeds of sheep that typically only have an acceptable level of ovulatory 

response to ram introduction towards the end of the anoestrous period (Rosa and 

Bryant, 2002) 

2.2.2 DURATION OF RAM PRESENCE 

Several studies have shown that maintained ram presence is necessary to maintain the 

occurrence of oestrous cycles within ewes induced to ovulate by the ram effect 

(Signoret et al., 1982; Oldham and Pearce, 1983; Murtagh et al., 1984b). Murtagh et 

al., (1984b) found that continued ram presence enhanced the proportion of ewes 

exhibiting regular oestrous cycles after ram introduction. The work of Oldham and 

Pearce (1983) clearly showed that removal of the rams from anoestrous ewes after 6 

hours was associated with a return of LH pulse frequency to pre ram exposure levels. 

Furthermore Signoret et al., (1982) identified a direct relationship between the 

duration of ram presence and the percentage of anovular ewes ovulating in response 

to the ram effect. 

2.2.3 ISOLATION AND THE ISSUE OF NOVELTY 

The requirement for isolation of anoestrus ewes from within 500m metres of rams 

prior to ram exposure was first identified by Underwood et al., (1944) and has been 

utilised as a template for conventional ram effect studies undertaken during anoestrus 

(Martin et al., 1985; Perkins and Fitzgerald, 1994). However work undertaken by 

Oldham and Cognie (1980) demonstrated that two weeks was a sufficient isolation 
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period for a full ovulatory response to the ram effect. Furthermore Cohen-Tannoudji 

and Signoret (1987) demonstrated that a period as short as 24 hours was sufficient 

isolation for elicitation of an LH response during subsequent short term (3 hour) ram 

exposures, however the endocrine response was not followed through to ovulation. 

As previously outlined, continued ram presence is thought to be necessary for 

sustained endocrine and ovulatory responses to the ram effect (Pearce and Oldham, 

1983). However Oldham and Martin, (1978) found a decline in reproductive function 

and a return to an anoestrous state even in the continued presence of rams and 

concluded a possible development of resistance or reduced sensitivity to the ram 

stimulus. These observations are supported by the work of Riches and Watson (1954) 

where Merino ewes maintained in continuous contact with rams had a similar level 

and distribution of reproductive activity to that of ewes isolated from ram contact. 

These observations were deduced to be due to the ewes becoming habituated to the 

presence of the rams and is one of the key factors driving the perceived prerequisite of 

isolation of the sexes for effective application of the ram effect (Walkden-Brown et 

al., 1999). 

This concept of habituation to the sexual stimulus is well represented in the literature 

(Review; Dewsbury, 1981). However evidence from studies in rodents (Coquelin and 

Bronson, 1971) have identified that this type of sexual habituation can be overridden 

by the introduction of a novel female, a theory termed the 'Coolidge effect'. This is 

by definition the resumption of copulatory ability of a sexually satiated individual by 

the introduction of a novel animal and occurs across species (Review; Dewsbury, 

1981). Relative to sheep, Pepelko and Clegg, (1965) found that rams show a depletion 

in sexual behaviour during 20 minutes of exposure to an oestrous female that can be 

re-stimulated by introduction of a novel female. Furthermore Cushwa et al., (1992) 

found that a high proportion of anovular ewes maintained in continuous contact with 

rams ovulated in response to the introduction of a novel ram. 

Gelez et al., (2004) proposed that the complex nature of the ram pheromone might 

permit individual coding to allow olfactory discrimination between rams. The 

capacity for olfactory learning in sheep is evident in the ability of the ewe to 

distinguish between her own and alien offspring within 4 hours of birth (Levy et al., 
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1995). This process of pheromonal learning is mediated through the main olfactory 

system (Levy et al., 1995), which is also the primary route for mediation of 

sociosexual cues in the ewe (Gelez et aI., 2004c). Furthermore recent evidence of the 

capability of sheep to discriminate between males and females (Kendrick et al., 1995) 

and between familiar and unfamiliar individuals (Piece et at., 2000) using visual 

stimuli alone supports the possible capability of ewes being able to distinguish 

between individual rams. 

2.2.4 POTENCY OF THE RAM STIMULUS 

The quality, type and duration of ram stimulus are critical to extent of ovulatory 

response to the ram effect (Walkden-Brown et al., 1999). The effectiveness of 

androgen treated wethers and females in stimulating ovulation in anovular females 

(Fulkerson et al., 1981) is compelling evidence that pheromone production is a strong 

determinant of the capability of a ram to induce ovulation in anovular females. 

Therefore it is logical that any factors affecting the circulating levels of testosterone 

will affect the quality and thus efficacy of the ram stimulus (Perkins and Fitzgerald, 

1994). 

The importance of behavioural stimuli is highlighted by the work of Perkins and 

Fitzgerald (1994) where the proportion of ewes ovulating was significantly greater 

within ewes exposed to rams of a higher sexual libido. These rams performed more 

courtship activity thus inferring the importance of behavioural, tactile, audio and 

visual cues to successful induction of the ram effect. This theory is supported by the 

increased efficacy of androgen treated wethers in inducing ovulation when selected 

for high compared to low libido (Fulkerson et al., 1981). 

Endogenous levels of testosterone vary between the breeding and non-breeding 

season due to the seasonal suppression of LH that is directly related to testosterone 

production and spermatogenesis (Gonzalez et al., 1989). This annual variation thus 

affects the potency of the ram stimulus and can have connotations on application of 

the ram effect to out of season breeding. This is of particular significance in very 

seasonal breeds, where the ewe has an innate lower propensity to ovulate to the ram 

effect (Oldham and Cognie, 1980; Minton, 1989). This in conjunction with a reduced 
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potency of the ram contributes to the poor reproductive response to the ram effect in 

seasonal breeds of sheep. 

2.2.5 PREVIOUS SEXUAL EXPERIENCE 

Beach (1947) identified the importance of sexual experience early in reproductive 

development on the ability of an animal to respond to subsequent sexual encounters 

with the appropriate behavioural and endocrine responses. Sexual experience is 

critical to the development of a rapid opportunistic endocrine and behavioural 

responses that will result in optimal efficiency and efficacy of mating (Graham and 

Desjardins, 1980; Woodson, 2002). Pfaus et al., (2001) proposed that a mate is an 

amalgamation of stimuli that mayor may not inherently elicit a sexual response in an 

individual of the opposite sex. They proposed that with sexual experience, stimuli that 

were initially ineffective at inducing a sexual response become associated with the 

anticipation and expectation of sexual rewards. 

2.2.5.1 THE EWE 

Maiden (sexually naIve) ewes typically show a poorer level of reproductive 

competence than adult ewes and this is true for ewes bred as ewe lambs (5-12 months) 

up to those bred as yearlings (18 months). Rosciszewska (1985) identified a reduced 

receptivity of the maiden ewes to the rams compared to adult ewes that thus increased 

the proportion of mounts per ejaculation and failed mounts per mating. Gelez et al., 

(2004a) identified that sexually naIve maiden ewes were both less receptive and 

proceptive to the ram. 

Recent work has shown that the interplay between dopamine and noradrenalin in the 

medial basal hypothalamus (outlined in Chapter 1.1.3.1) is not present in sexually 

naIve ewes (Gelez et al., 2004a). The hypothesis proposed by Gelez et al., (2004a) 

revolves around a key role of experience in the development of this pattern of 

neurotransmitter release in the medial basal hypothalamus. Mesolimbic dopamine is 

important in reward and motivational mechanisms (Robbins and Everitt, 1996) and 

levels of dopamine have been shown to increase in rodent females during intromission 

but with this elevation amplified in sexually experienced animals (Kohlert et ai., 

1997). Gelez et al., (2004a) therefore proposed that experience is vital in the 
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association of the socio-sexual cues of the male with mating activity. They suggested 

that the neural reward received in response to intromission increases over a number of 

sexual interactions and that this is critical in the development of the receptivity in the 

sexually naIve ewe. 

Little work to date has focused on the role of sexual experience on the responses of 

the ewe to the ram effect. Murtagh et al., (1984a) identified a greater ovulatory 

response in Merino ewe lambs exposed to the ram at 12 months when subsequently 

re-introduced to the ram at 15 months of age thus supporting the possibility of 

augmentation of female performance as a consequence of experience. Gelez et al., 

(2004c) found that ewes preconditioned with a two-week ram exposure period had a 

significantly greater increase in LH pulse frequency than sexually naive maiden ewes 

when exposed to rams fleece. In contrast, they found no significant difference 

between the endocrine responses of sexually naive and sexually experienced maiden 

ewes when introduced to the entire ram (Gelez et al., 2004c). However these 

observations were confounded by the exposure of the same maiden ewes to rams 

fleece two days prior to ram introduction. Therefore it is impossible to conclude 

whether the naIve maiden ewes responded irrespective or because of this prior 

exposure to the rams fleece. 

2.3 THE FEMALE EFFECT 

The physiological effect of exposure to socio-sexual cues is not restricted to an effect 

of the ram on the ewe; indeed exposure of ewes to rams stimulates an increase in LH 

pulse frequency in the rams (Sanford et al., 1974; Gonzalez et al., 1988). This 

endocrine response is not dependent on the ewe being sexually receptive, however it 

is enhanced if the ewe is in oestrus (Gonzalez et al., 1991a). All potential sources of a 

'female pheromone' have been investigated by exposure of rams to masks containing 

female fleece, urine and vaginal secretions (Gonzalez et al., 1991b). However in 

contrast to the investigation into the source of the 'ram pheromone' (Knight and 

Lynch, 1980) there was no endocrine response within rams exposed to the female 

odours. Signoret (1991) proposed an alternate origin of the female pheromone to 

those tested or that the proximity to the stimulus permitted by the masks was 

insufficient to elicit an endocrine response. 
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2.3.1 EFFECT OF EXPOSURE OF RAMS TO EWES 

Exposure of rams to oestrous ewes prior to use for the ram effect stimulates an 

increase in LH and testosterone (Kridli and Said, 1999) in both sexually experienced 

and inexperienced rams (Gonzalez et al., 1991a). In addition to the LH response to 

female introduction, rams have been reported to have an increase in cortisol when 

exposed to oestrous females (Gonzalez et al., 1988). This response was dependent on 

direct ram-ewe contact and occurred concurrently with an increase in LH pulse 

frequency. Both responses were enhanced by mating and ejaculation (Gonzalez et al., 

1988). 

This type of priming is typically also associated with an increased expression of 

sexual behaviour (Rosa et al., 2000), the importance of which has been outlined in 

Chapter 2.2.4. However there is some conflict in terms of the practical implications of 

this female effect as Rosa et al., (2000) found that although exposure to oestrous ewes 

caused an increase in ram sexual behaviour this was not necessarily associated with 

an improved ability to induce ovulation in anovular ewes. 

2.3.2 EFFECT OF EXPOSURE OF EWES TO OESTROUS EWES 

The effectiveness of stimulation of anoestrous ewes with oestrous ewes remains a 

contentious issue in the literature. Knight (1985) identified no significant stimulatory 

effect of the introduction oestrous ewes to anoestrous ewes. This is supported by the 

observations of O'CaUaghan et al., (1994) where there was no significant effect of 

oestrous ewes on LH pulse frequency in anoestrous ewes maintained under natural 

photoperiod. Furthermore Yildiz et al., (2002) identified a suppression of LH pulse 

frequency in anoestrous ewes exposed to oestrous females. However O'Callaghan et 

al., (1994) observed that ewes maintained in a group had a significantly earlier onset 

of reproductive activity than ewes maintained in isolation under an artificially 

maintained photoperiod and proposed a greater role of ewe-to-ewe interactions in the 

absence of a changing photoperiod. 

In contrast Zarco et ai., (1995) provided compelling evidence of a direct effect of 

contact with oestrous ewes on the proportion of anoestrous ewes with luteal activity. 

However their evidence is confounded by the use of intermittent ram exposures to 

detect oestrus. Although rams were used to detect oestrus in ewes maintained at 
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varying levels of proximity with oestrous ewes, it cannot be discounted that the 

proportion of oestrous ewes and the exposure of the rams to these ewes may have 

affected the observed result. The effect of oestrous ewes on the behaviour and 

stimulus quality of rams is widely accepted in the literature (Knight, 1985, Nugent 

and Notter, 1990), hence it cannot be discounted that this study may simply be a 

further demonstration of the effect of oestrous ewes on the efficacy of the ram in 

stimulating anoestrous ewes. 

2.4. OTHER APPLICATIONS OF THE RAM EFFECT 

2.4.1 ADVANCEMENT OF PUBERTY 

The prominent effects of photoperiod and physiological age can confound the 

evidence of an effect of the ram on the onset of puberty (Martin, 1984). Under normal 

conditions, maiden ewes must be exposed to a specific photoperiodic regime prior to 

attainment of puberty specifically long days associated with summer, followed by 

short days of approaching autumn and winter (Yellon and Foster, 1985). This can be 

overcome by exposure to rams (Knights et al., 2002) though the evidence is not 

equivocaL Al-Mauly et al., (1991) found that though ram introduction to spring born 

ewe lambs during August and September stimulated an increase in basal LH (August) 

and LH pulse frequency (September) neither were sufficient to immediately induce 

ovulation in the ewe lambs. Only ram introduction during October was directly 

responsible for induction of ovulation. However in all ram-exposed ewes, the mean 

date of the first ovulation occurred significantly earlier than ewes maintained in 

isolation from ram contact. This infers that the ovulation was not solely an effect of 

the advancing photoperiod and older physiological age and that the ram effect could 

only be directly attributed to the attainment of puberty in combination with one or 

both of the above factors. This is in agreement with observations in autumn born 

lambs where ram introduction during late July but not early July or May directly 

stimulated the first ovulation (Lopez- Sebastian et al., 1985 cited by Knights et al., 

2002). 

2.4.2 MANIPULATION OF REPRODUCTION DURING THE 

BREEDING SEASON 

Very few previous studies have investigated the endocrine responses of cyclic ewes to 

ram introduction. The introduction of rams to ewes during the breeding season is 
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associated with a reduction in the length of the follicular phase and an advanced LH 

surge and ovulation relative to luteolysis (Lindsay et al., 1975). Pearce and Oldham, 

(1983) found that ovariectomised ewes implanted with oestradiol and progesterone 

responded to ram introduction during the breeding season with an increase in both 

basal and pulsatile LH. Furthermore ovariectomised ewes implanted with oestradiol 

only had an increase in basal LH in response to ram introduction (Pearce and Oldham, 

1983). Ngere and Dzakuma, (1975) found that introduction of rams to randomly 

cycling tropical ewes resulted in a large number of ewes mated within the first day of 

ram introduction, however there was no clear indication of the mechanism that caused 

this skewed distribution of mating. 

2.5 SOCIO-SEXUAL INTERACTIONS IN OTHER SPECIES 

- SIMILARITIES AND DIFFERENCES WITH OBSERVATIONS IN 

SHEEP 

2.5.1 RODENTS 

Male and female rodents respond to introduction of the opposite sex with an increase 

in LH pulse frequency similar to that observed in sheep. Stimuli responsible for both 

the male and female effect in rodents are mediated through the accessory olfactory 

system (Whitten, 1959) as outlined in Chapter 2.2.1.3. 

In contrast to sheep, the concept of female-to-female oestrus synchrony is a well

established principle in rodents (McClintock, 1978). Identification of the stage of 

oestrous cycle with vaginal smears permits analysis of direct female-to-female 

synchrony in the absence of the confounding effect of the male (Mclintock, 1978). 

Mclintock (1978) proposed that synchrony of 50-75% developed over a minimum of 

three oestrous cycles by the lengthening and shortening of oestrous cycles. The 

capacity of re-circulated air supply to induce a similar degree of synchrony indicates 

that the stimulus is air borne and chemical in nature (Mclintock, 1978). In contrast to 

sheep, the efficacy of the male effect is attenuated if rats are not maintained in groups. 

This is due to the above entrainment of oestrous cycles within group-housed rats that 

thus permits a synchronous response to introduction of the male (Whitten, 1959). 

In contrast to sheep, the role of novelty in the stimulation of endocrine responses is 

well documented in rodents. Male mice exposed continuously or repeatedly to the 
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same female show a gradual depletion in the LH response to introduction of the same 

female (Coquelin and Bronson, 1979). However the introduction of a novel female 

resulted in an LH response comparable to that stimulated by the first exposure to the 

initial female (Coquelin and Bronson, 1979). The capacity of rodents to distinguish 

between pheromones from a familiar and novel individual is further evident in the 

'Bruce effect'. Exposure of pregnant mice to a novel male induces abortion due to 

detection, identification and elicitation of a specific physiological response to the 

novel odour (Bruce, 1960). 

The first observation of male induced puberty was in mice. Vandenburgh (1967) 

observed that rearing of female mice in the presence of adult males advanced the 

attainment of pUberty. They identified a pheromone in the male urine responsible for 

inducing the cascade of events leading to the first preovulatory LH surge and 

ovulation (Vandenburgh, 1967). The absence of seasonality in mice is in marked 

contrast to sheep and thus makes identification of male induced puberty more easily 

identifiable. 

Graham and Desjardins (1980) demonstrated the concept of olfactory learning 

associated with sexual encounters in rats through a Pavlovian style association 

between environmental cues and the sexual encounter. The male was exposed to a 

conditioning stimulus (methyl salicylate) and then to a sexually receptive female. 

After a conditioning period, exposure of the male to the conditioning stimulus alone 

resulted in a significant elevation in levels of LH similar in magnitude to exposure of 

the male to a sexually receptive female. The ability of the male to respond with a 

characteristic LH response to certain environmental cues previously associated with a 

female demonstrates the capacity for learning and association with this type of sexual 

response (Graham and Desjardins 1980). 

2.5.2 GOATS 

Introduction of bucks to anoestrous does induces an acute increase in LH pulse 

frequency similar to that observed in the ewe (Shelton, 1960; Chemineau, 1987). As 

with the ram, exposure of the doe to the full complement of socio-sexual cues 

associated with the buck increases the ovulatory response to the buck effect 

(Chemineau, 1987; Walkden-Brown et al' J 1993). Furthermore abolition of the sense 
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of smell in adult sexually experienced goats does not modify the LH secretion to 

introduction of the buck (Chemineau et al., 1986). 

Within goats a female effect is firmly established with compelling evidence in the 

literature of stimulation of anoestrous does with artificially induced cyclic goats 

(Walkden-Brown et at, 1993, Restall et al., 1995). Introduction of the buck to cyclic 

goats appears to affect the distribution of oestrous cycles with a higher than expected 

proportion of does mated on Days 1 and 2 after buck introduction (Chemineau, 1983). 

This is similar to the observations in cyclic ewes where the frequency of mating on 

Day I after ram introduction was higher than that expected by chance (Ngere and 

Dzakuma, 1975). Chemineau (1983) proposed a possible luteolytic effect of the buck, 

however as in the study in cyclic ewes (N gere and Dzakuma, 1975) there is no 

conclusive evidence as to how this 'buck effect' is mediated during the breeding 

season. 

2.5.3 PIGS 

Boar contact is commonly used in commercial pig production to advance puberty in 

pre-pubertal gilts (Reviews, Hughes et al., 1990; Evans and O'Doherty 2001b). Age 

at first exposure is critical to the efficacy of the effect with an optimal age at first 

exposure of 165 days (Peacock and Hughes, 1995). In association with a boar-induced 

increase in LH pulse frequency, pre-pubertal gilts also undergo a parallel increase in 

concentrations of cortisol (Pearce and Hughes, 1987; Kingsbury and Rawlings, 1993). 

Pearce et ai., (1988) investigated the effect of acute elevations in plasma cortisol on 

responses to exogenous GnRH administration and endogenous LH release. The LH 

response to exogenous GnRH administration was reduced when accompanied by a 

concurrent cortisol challenge. However in the absence of administration of exogenous 

GnRH, the cortisol challenge increased rather than suppressed LH secretion in 

prepubertal gilts. Pearce et ai., (1988) proposed that the acute elevation in cortisol in 

response to full boar contact may be involved in mediating changes to the 

hypothalamic-hypophyseal axis to steroid feedback (Pearce et al., 1988). However in 

later work, Pearce and Patterson (1992) concluded that full boar contact was most 

effective in stimulating puberty in prepubertal gilts because it allowed optimal 

physical contact between the boar and the gilt rather than because it elicited a cortisol 

response. The specific role of cortisol in boar-induced stimulation of puberty in gilts 

remains undetermined. 

31 



Turner et al., (1998) found that post pubertal gilts introduced to boars during both the 

luteal and follicular phases of their oestrous cycle have a significant increase in 

cortisol in response to boar introduction. Gilts experiencing entire boar contact (but 

not fence line contact) had shorter oestrous cycles and a higher ovulation rate and the 

authors implied a possible positive effect of this type of boar-induced stress (Turner et 

at., 1988). 

There is strong evidence in the literature of a female effect in the stimulation of 

puberty in gilts (Pearce, 1992; Pearce and Pearce, 1992). However it appears to be 

driven by the female being a strange individual rather than specifically associated 

with the oestrus or anoestrous state of the female (Peacock and Hughes, 1995). 

2.5.4 CATTLE 

The presence of a bull can advance the onset of puberty in pre-pubertal heifers (Izard 

and Vandenburgh, 1982) and advance the resumption of cyclic activity post partum 

(Izard, 1983). However the evidence in cattle is not equivocal and success of 

biostimulation can be unpredictable and unreliable (Review, Rekwot et at., 2001). 

Possibly due to the predisposition for a negative energy balance in post partum cattle, 

nutrition plays a critical role in determining the physiological responses of cows to the 

bull (Monje et at., 1992). There is some evidence of female-female stimulation in 

reducing the period of post partum anoestrus however an effect is only evident in 

cattle predisposed to an extended anoestrous period (Wright et al., 1994). 

2.5.5 HUMANS 

As in rodents, the concept of female-to-female induced menstrual synchrony has been 

widely investigated in the literature. Since the initial findings of McClintock (1971) it 

is accepted that in humans, menstrual synchrony can develop within family groups, 

roommates and close friends (Review; Weller and Weller, 1993). Mclintock (1971) 

proposed a similar model to that outlined above for rodents of a lengthening and 

shortening of menstrual cycle length driven by chemical communication. It has been 

proposed that proximity is not necessarily sufficient to synchronise menstrual activity 

and that individuals need to interact on both a physical and social level (McClintock, 

1971; Quadagno et al., 1981). However the evidence is far from equivocal and is 
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further complicated by disagreement in the methods of measurement of synchrony 

(Wilson, 1992; Schank, 2000, 2001) and natural variation in cycle length (Weller and 

Weller, 1997). 

Evidence of a male effect in humans is lacking in the literature. McClintock, (1971) 

reported some variance in individual menstrual cycle length that was dependent on the 

presence of a male partner. However Jarett (1984) and Quadagno et al., (1981) found 

that the presence of a male partner was not a reliable predictor of menstrual cycle 

length or cycle regularity. Quadagno et ai., (1981) proposed that perpetual association 

with males in daily life might obscure any effects that male exposure may have on 

female reproductive activity in humans. 

2.6. INCORPORATION OF THE RAM EFFECT WITH REPRODUCTIVE 

TECHNOLOGIES 

2.6.1 MELATONIN 

Changing day length is coded in the sheep by the pattern of melatonin secretion that 

thus stimulates changes in the sensitivity of the hypothalamic-hypophyseal axis to the 

negative effects of oestradiol (Karsch et at., 1984). Treatment with melatonin can 

advance the onset of the breeding season and improve reproductive performance 

(Gomez Brunet et ai., 1995). As mentioned previously, the depth of anoestrus is a 

major factor in determining the ovulatory response of ewes to the ram effect (Lindsay 

and Signoret, 1980). Treatment with melatonin can effectively alter the seasonal 

endocrine state of the ewe and in combination with melatonin implants markedly 

improve the ovulatory response of anoestrous ewes to the ram effect (Zuniga et al., 

2002). 

2.6.2 ARTIFICIAL SYNCHRONISATION PROTOCOLS 

The majority of work investigating the interaction between exposure to rams and 

controlled breeding programmes has focused on the influence of the ram after 

removal of the influence of the artificial progestagen (Lewis et al., 1974) and has been 

undertaken predominantly during anoestrus (Romano et ai., 2001). Several studies 

identified acceleration of oestrous onset and shortening of the duration of oestrus as a 

result of continuous ram presence post sponge removal (Maxwell, 1986; Romano et 

ai., 2000; 2001). These observations are in accordance with work undertaken in 
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anoestrous ewes in the absence of progestagen where continuous presence of the ram 

compared to intermittent ram presence shortened oestrous onset and duration (Parsons 

and Hunter, 1967; Fletcher and Lindsay, 1971). 

2.6.3 ARTIFICIAL INSEMINATION. 

The ram effect can be used as the method of oestrus synchronisation in anoestrous 

ewes prior to artificial insemination (Corke, 1980) or after progestagen 

synchronisation to influence the time of ovulation relative to progestagen withdrawal 

(Lucidi et a/. J 2001). Lucidi et al. J (2001) found a significantly higher pregnancy rate 

in ewes exposed to rams after withdrawal of the artificial progestagen. However this 

may be merely a reflection of ram-induced enhancement of synchrony within the 

treated ewes and accurate timing of insemination relative to ovulation. Lucidi et a/. J 

(2001) found that ram exposure post progestagen withdrawal advanced the LH surge 

and ovulation and thus inseminated the ewes earlier (50 hours after progestagen 

withdrawal) to compensate for this. In a commercial situation an unexpected 

alteration in the timing of endocrine events post progestagen withdrawal may have 

resulted in lower conception rates due to asynchrony between ovulation and 

insemination. 

The ram effect is used in Australia as a low input method of non-pharmacological 

oestrus synchronisation for artificial insemination of ewes during anoestrus (Corke, 

1980). Conception rates to artificial insemination with both frozen and fresh semen 

are typically enhanced by insemination to a natural oestrus (Oleson, 1993). Therefore 

the potential of the ram as a non-pharmacological alternative method of oestrus 

synchronisation may enhance conception rates and litter size using frozen semen by 

allowing insemination to a synchronised natural oestrus. 
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2.7 THE APPLICATION OF SOCIO-SEXUAL INTERACTIONS TO UK 

SHEEP REPRODUCTION 

The current knowledge of the manipulation of reproduction using socio-sexual cues is 

predominantly restricted to the anoestrous period. The potential for conventional 

application of the ram effect in the UK is restricted by the seasonality of many 

commercial breeds of sheep. Therefore I propose to investigate the potential for 

development of strategies using socio-sexual cues for manipUlation and improvement 

of reproductive performance that are applicable to more seasonal breeds of sheep. 

The following experimental chapters have three key aims: 

1. The development of a non-pharmacological method of oestrus synchronisation 

using socio-sexual cues for natural mating and artificial insemination during 

the breeding season. 

2. Investigation of the role of prior experience of the ram during the anoestrous 

period and the breeding season in modulating the subsequent endocrine and 

behavioural responses when introduced to rams during the transition between 

late anoestrus and the breeding season and during the breeding season. 

3. Investigation of the potential benefits of combining artificial methods of 

reproductive control with the stimulation of ewes by socio-sexual cues. 
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3. EFFECT OF REPEATED FENCE LINE AND VASECTOMISED 

RAM EXPOSURE DURING THE TRANSITION INTO THE 

BREEDING SEASON ON THE SYNCHRONY OF MATING AND 

LAMBING 

3.1 ABSTRACT 

The ram effect is typically applied during anoestrus when the anovulatory state of the 

ewes permits a synchronous endocrine response to ram introduction. However in 

more seasonal breeds of sheep, predictable ovulatory responses to the ram effect are 

limited to the transition into the breeding season. In an attempt to synchronise mating 

later during the breeding season, mule ewes underwent 24 hour exposures to fenceline 

(Experiment 1; FR, n=94) or vasectomised ram contact (Experiment 2; VR, n=103) 

repeated at 17 day intervals (x3) from the transition into the natural breeding season. 

Control ewes (Experiment 1; FC, n=98 and Experiment 2; VC; n=I06) remained 

isolated from ram contact prior to mating. A subset ofVR (n=35) and VC ewes (n=35) 

were blood sampled twice weekly to monitor their pre-mating progesterone profiles. 

At mating, harnessed entire rams were introduced, 17 or 16 days after the last ram 

exposure (Experiments 1 and 2 respectively) and raddle marks were recorded daily. 

Repeated 24-hour exposure to both fenceline and vasectomised ram contact advanced 

the time (P<O.OOI) and compacted the distribution of mating (FR; P<O.OOI and VR; 

P<O.OI). At lambing ram-exposed ewes lambed earlier (FR; P<O.Oland VR; P<O.OOI) 

with a more compact distribution of lambing (P<O.Ol). The progesterone data 

indicated that the earlier date of mating in the ram-exposed ewes was a result of an 

earlier onset of the breeding season (P<O.05) but that the synchrony of mating 

developed over the pre-mating period; a pattern which was not evident in the control 

ewes. Vasectomised ram exposed ewes tended to have a lower litter size than control 

ewes (P<O.l) in contrast to the fence line ram-exposed ewes where there was no 

difference. In conclusion, repeated, acute exposure of mule ewes to the ram during the 

transition into the breeding season is an effective method of altering the distribution 

of mating, when ewes are mated later in the breeding season. 

36 



3.2 INTRODUCTION 

Oldham and Pearce (1984) identified the ram effect as a potential method of 

controlling sheep breeding to provide farmers with a cheap, reliable and non

pharmacological method of oestrus synchronisation. It is widely accepted that the 

ovulatory response to the ram effect decreases with the depth of anoestrus (Martin and 

Scaramuzzi, 1983). Therefore in spite of it's potential and widespread use in other 

climates (reviews: Martin et ai., 1986; Walkden-Brown et al., 1999), widespread 

application of the ram effect to UK sheep production is limited by the deep 

seasonality of many British breeds of sheep (AI-Mauly et al., 1991). Studies into the 

relevance of the ram effect to sheep production in the UK have focused mainly on 

conventional application to out of season breeding (Review: Rosa and Bryant, 2002) 

or on the advancement of puberty (Dyrmundsson and Lees, 1972; AI-Mauly et al., 

1991). These studies have mainly focused on incorporation with strategies to 

overcome the intrinsic seasonality of many British breeds of sheep such as with the 

use of melatonin implants (Rekik et al., 1991; Donovan et al., 1994, Rosa et al., 2000) 

and following prior exposure of rams to oestrous ewes (Rosa et al., 2000). However 

in the absence of exogenous melatonin the percentage of ewes ovulating in response 

to the ram only reached acceptable levels late in the anoestrous period (AI-Mauly et 

al., 1991; Rosa et ai., 2000). Therefore it is likely that the greatest potential for 

response of seasonal breeds of sheep to the ram effect lies in closer proximity to the 

breeding season. 

Studies into the application of the ram effect to the synchronisation of ewes during the 

breeding season have to date been limited to the incorporation into synchronisation 

procedures involving the use of exogenous hormones (Ungerfeld and Rubianes, 1999; 

Evans et ai., 2004; Hawken et al., 2005). However such synchronisation procedures 

are unacceptable in organic production systems (Compendium of organic standards, 

2004). Furthermore consumers are demanding more "clean, green and ethical" farm 

practices (Martin et ai., 2004). Therefore development of strategies for the predictable 

and reliable use of the ram effect would provide an alternative non-pharmacological 

method for oestrus synchronisation in the breeding season. The fluctuating sensitivity 

of the endocrine axis to the negative effects of oestradiol during the transition into the 

breeding season (Karsch et al., 1984) thus presents a possible novel opportunity for 

ram-induced manipulation of cyclicity. 
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Within anoestrous ewes stimulated to ovulate by the ram effect, continued ram 

presence is necessary for the maintenance of oestrous cycles and to avoid ewes 

reverting to an anoestrous state (Oldham and Pearce, 1983). However Rosa and 

Bryant (2002) proposed that ewes exposed to rams during the transitional period, 

between anoestrus and the breeding season, maintained cyclicity until the onset of the 

subsequent anoestrous period. Furthermore, Martin et al., (1986) found that two 

weeks was a sufficient period of isolation from the ram to permit a subsequent 

unaffected endocrine response to the ram. Therefore, I hypothesise that short duration 

ram exposures during the transitional period into the breeding season will induce an 

LH response and ovulation in a proportion of ewes. We propose that the removal, 

isolation and subsequent re-instatement of the ram may then induce an LH response in 

the remaining unaffected, non-cyclic ewes thus bringing their cycles in synch with 

their flock mates resulting in compacted and synchronous breeding and lambing. 

These two experiments were designed to identify whether short duration (24 hour) 

exposures to a ram stimulus (fence-line or with vasectomised rams), repeated at 

intervals of approximately one complete oestrous cycle ( 17 days) from the transitional 

period into the breeding season will influence the timing and synchrony of mating. 

Based on evidence of the optimal affect of the ram effect when the ewe is exposed to 

the complete complement of male sensory cues, I hypothesised that the use of 

vasectomised rams would be more effective in inducing synchrony than fence line 

ram contact. I aimed to detect the impact of these types of periodic intermittent ram 

exposure on conception rates to first service and determine whether this strategy has 

potential as a non-pharmacological method of synchronisation of mating during the 

breeding season. 
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3.3 MATERIALS AND METHODS 

3.3.1 EXPERIMENT 1 

3.3.1.1 ANIMALS AND EXPERIMENTAL PROCEDURES 

During September, 192 multiparous mule ewes (Scottish Blackface ewes crossed with 

Border or Blue-Faced Leicester rams) that had been previously isolated from ram 

contact (i.e. not maintained within 500m of any rams), were allocated to fence line 

ram-exposed (FR; n=94) and control groups (FC; n=98), balanced on age and parity 

and maintained at pasture at Cockle Park Farm, Northumberland (55°13'N). FR ewes 

underwent 24 hour fence-line contact with entire rams (Texel; n=7 and Suffolk; n=7) 

on Days 0 (September 10th
), 17 and 34 of the experiment. The fence line contact was 

permitted by enclosure of the entire rams in a pen that was surrounded by 2m high 

perimeter netting to prevent direct physical contact between ewes and rams, located in 

a paddock (2000m2). The entire rams were given access to hay and water, sufficient to 

sustain them over the 24-hour period. Between each 24-hour exposure period the FR 

ewes were isolated from ram contact and grazed on alternative pasture to the exposure 

paddock. FC ewes remained isolated from any contact with rams (entire or 

vasectomised) for the duration of the experimental period prior to mating. 

The groups of FR and FC ewes were mixed on Day 51, 17 days after the last exposure 

of the FR ewes and raddled entire rams (n=10) were introduced for mating. Raddle 

marks were recorded daily to identify the timing and numbers of ewes mated during 

the first oestrous cycle and then recorded weekly for the subsequent 34 days. Raddle 

colour was changed on Days 14 and 32 after ram introduction to monitor ewes not 

conceiving to the first service. The ewes were maintained subject to conventional 

farm practice until lambing when the number of lambs and date of lambing was 

recorded. 

3.3.2 EXPERIMENT 2 

3.3.2.1 ANIMALS AND EXPERIMENTAL PROCEDURES 

During August, mUltiparous mule ewes (previously isolated from ram contact) were 

assigned to either control (VC; n= 1 06) or vasectomised ram-exposed groups (VR; 

n=103) based on age and parity and were maintained at pasture at Cockle Park 

Research Farm as detailed in Experiment 1. VR ewes were exposed to raddled, 

vasectomised rams (n=3) for 24 hours on Days 0 (September 10th
), 17 and 34 of the 
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experiment. Between each 24 hour exposure period the VR ewes were isolated from 

ram contact. Raddle marks were recorded after each exposure with raddle colour 

changed before each exposure period. The vasectomised rams were rotated to ensure 

that one of the three vasectomised rams had never previously been exposed to the 

ewes to permit a degree of novelty; the other two vasectomised rams remained the 

same for all three exposures. VC ewes were isolated from any ram contact for the 

duration of the experimental procedure prior to mating as in Experiment 1. 

VR and VC ewes were mixed on Day 50 of the experiment, sixteen days after the last 

vasectomised ram exposure of the VR ewes, and raddled entire rams (n=lO) were 

introduced for mating. Raddle marks were recorded daily to identify the timing and 

numbers of ewes mated during the first oestrous cycle and then recorded weekly for 

the subsequent 34 days. Raddle colours were changed on Days 14 and 32 after ram 

introduction to permit identification of ewes not conceiving to the first service. Ewes 

were maintained subject to conventional farm practice until lambing, when the 

number of lambs and date of lambing were recorded. 

3.3.3 BLOOD COLLECTION 

Blood samples (5ml) were collected twice weekly by jugular venepuncture 

(Vacutainer, Becton-Dickinson Limited, Coventry) from a subset of VC (n=35) and 

VR ewes (n=35). Sampling commenced 2 weeks prior to the fIrst vasectomised ram 

exposure on Day -13 (28th August) and continued until to Day 50 (30th October) to 

establish whether ewes were anovular prior to the V -ram exposure and to profile the 

progesterone secretion of VR and VC ewes during the pre-mating period. Blood 

samples were centrifuged as soon as possible (within 24 hours of collection) at 3000 

rpm for 20 minutes. Plasma was decanted into duplicate plastic tubes (Sarstedt Ltd, 

Leicester, UK) that were capped, immediately frozen and stored at -20°C until 

analysis. 

3.3.4 HORMONE ANALYSIS 

Plasma progesterone concentrations were analysed in duplicate using a commercial 

enzyme linked immunoassay (ELISA) kit (Ridgeway Science Ltd, Gloucester, UK). 

200111 of progesterone-enzyme label was added to l0l11 of standard or sample and 

incubated for 2 hrs 20 minutes at room temperature. After three washes in buffer, 
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200JA.I of alkaline phosphatase substrate was added to each well and left for 20-30 

minutes in the dark to incubate. After the 20-30 minute incubation period, the colour 

development of the standards and samples were compared at a primary wavelength of 

s70nm. Mean intra-assay and inter-assay coefficients of variation for low (2.26ng/ml), 

medium (3.s2ngJml) and high (7. 13ng/ml) plasma samples were 6.9 and 11.7%, 5.1 

and 11.2% and 6.9 and 8.8% respectively. The limit of sensitivity of the assay was 

O.2nglml. 

3.3.5 DATA ANALYSIS 

3.3.5.1 BLOOD SAMPLED EWES ONLY 

Blood sampled ewes (Experiment 2) were initially assessed for their anovular or 

cyclic status as for the purpose of this study we wanted to only consider ewes that 

were anovulatory at the time of the first ram exposure. A ewe was classified as cyclic 

prior to ram introduction if progesterone (during the four samples prior to the first ram 

exposure period) was elevated above 1.sngJml for at least 2 consecutive samples. All 

of the VR ewes were confirmed as anovular however one ewe had elevated 

progesterone above 1ng/ml for 13 samples indicating the presence of a persistent 

corpus luteum (CL) and was therefore excluded from data analysis. Within the VC 

ewes, 6 ewes were excluded from the data analysis; one ewe due to the presence of a 

persistent CL indicated by elevation of progesterone above Ing/ml for 7 samples, 

three ewes did not begin cycling during the sampling period and 2 ewes were cycling 

prior to the onset of the sampling period. 

Within the blood sampled ewes (Experiment 2), the onset of dioestrus of the first 

cycle of the mating season and of subsequent cycles was defined as the sample date 

when the progesterone level was raised above 1.sng/ml and sustained at or above this 

level for at least 2 consecutive samples. The number of days from the date of the ram 

exposure to the onset of dioestrus was compared within treatments using a sign test to 

give an indication of any progression in the timing of dioestrous onset dates over the 

pre-mating period. Absolute cycle length was calculated as the number of days 

between two consecutive dioestrous onset dates as defined above and Levene's test 

(Minitab 13.1) was used to assess the homogeneity of the variances around the 

median cycle length. 
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The synchrony of mating of the two treatment groups was determined using a method 

typically adopted in analysis of menstrual synchrony known as the "last month's 

method" outlined in detail by Weller and Weller, (1993; 1997). Based on a technique 

specifically designed for the measurement of group synchrony (Wilson, 1992) the 

data utilised for determining synchrony was based on the onset dates of the last 2 

cycles; i.e. the last cyclic onset date prior to mating and the date of mating. A mean 

synchrony score was calculated for each ewe as her minimal absolute difference 

between her onset dates of dioestrus for the pre-mating and mating cycle and those of 

every other ewe within that group. For example if the pre-mating and mating 

dioestrous onset dates for ewe 1 were 21st October and 6th November and for ewe 2 

were 16th October and 4th November, then the absolute minimal absolute difference is 

2. The group synchrony score was the mean of every ewe's mean synchrony score 

and group synchrony scores were compared using the Mann-Whitney U test (SPSS 

11.0) in accordance with the method adopted by Weller and Weller, (1993). 

This method of analysis of synchrony will indicate if the exposure of ewes to rams 

during the pre-mating period has resulted in greater synchrony at mating, however it 

gives no indication of how this synchrony may have been reached. For this purpose 

the homogeneity of variance between the onset of dioestrus of the first cycle of the 

breeding season and the date of mating were assessed using Levene's test (Mini tab 

l3.1). The variance around the median dioestrous onset dates of the last two cycles 

prior to mating was also compared between treatment groups using Levene's test. The 

penultimate cycle prior to mating was termed cycle B and the cycle immediately prior 

to mating was termed cycle A. Progesterone concentration could not be used to 

determine the end of cycle A as plasma samples were not collected after entire rams 

were introduced. Therefore cycle length for cycle B was adjusted for the average 

number of days from the observed nadir point on the progesterone profiles to the 

recorded date of dioestrous onset (4.01 and 4.10 for VR and VC ewes respectively). 

Absolute cycle length was assessed using the Mann Whitney Utest (Minitab 13.1). 

3.3.5.2 ALL EWES 

F or all ewes, the median times of the onset of cycling, mating and lambing and 

number of lambs born per ewe (within ewes lambing to the first service) were 

compared using the Mann Whitney U test due to the abnormal distribution of the data 

(Minitab 13.1). Levene's test (Minitab 13.1) was used to assess the homogeneity of 

42 



variance around the median time of mating and lambing as a significant difference in 

the variation around the median between the two data sets indicates improved 

synchrony within the group with less variation around the median. The total numbers 

of ewes bred and lambing (X days after entire ram introduction) and the number of 

ewes having single, twin or multiple births were analysed using Chi Square analysis. 

3.4 RESULTS 

3.4.1 EXPERIMENT 1 

3.4.1.1 MATING DATA 

The median date of mating occurred significantly earlier within the FR ewes 

compared to FC ewes (P<OOOI; Table 3.1). At each daily observation the cumulative 

number of FR ewes mated was consistently greater than FC ewes until 15 days after 

entire ram introduction (at least P<O.05; Figure 3.1). There was less variance around 

the median time from entire ram introduction to mating in FR ewes (Levene's test; 

P<O.OOl) indicating a greater degree of synchrony in the timing of mating (Figure 3.1). 

There was no significant difference between groups in conception rates to first service 

or the numbers of ewes not mated within the first 17 days of entire ram introduction. 

However 64% of FR ewes not conceiving to the first service were mated during the 

first 24 hours of entire ram introduction compared to 9% ofFC ewes (P<O.OI). 

3.4.1.2 LAMBING DATA 

Within those ewes lambing to first service, FR ewes had a significantly earlier median 

date of lambing than FC ewes (P<O.OOI; Table 3.l). Within 8 days of the onset of 

lambing of each group, the divergence between groups reached significance (P<0.05) 

when 49% of FR ewes had lambed compared to 34% of FC ewes (Figure 3.1). This 

divergence between groups was maintained until Day 17 (At least P<0.05). Within FR 

ewes there was less variance around the median lambing date (Levene's test; P<O.OI) 

than FC ewes indicating a significant compaction of the lambing period (Figure. 3.1). 

FR ewes had a numerically higher mean litter size than VC ewes (2.30 versus 2.20; 

VR and VC ewes respectively) however that there was no significant difference in the 

numbers of ewes having single, twin or triplet lambs. There was no significant 

difference between treatment groups or in the numbers of ewes lambing to subsequent 

services or that were barren, culled or died during the experiment (Table 3.1). 
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Table 3.1 Effect of repeated fence-line ram exposure on time and distribution of 

mating (days after ram introduction), lambing (days after the onset of lambing within 

each group) and fertility. (Experiment 1 $ P<O.l, *P<O.05, **P<O.Ol, ***P<O.OOl) 

Fe FR 
Number of ewes 98 94 P value 

Median time from entire ram 7.00 4.00 **. 
introduction to mating (3.0-11.0) (1.0-6.0) 

Days 
(Interquartile range) 

Total number of ewes bred by: 
(%) 

Day 1 9 26 **. 
(9) (28) 

Day 7 49 74 *** 
(50) (79) 

Day 14 87 91 * 
(89) (97) 

Day 17 96 93 
(98) (99) 

Ewes first marked more than 17 days 2 1 
after entire ram introduction (2) (1) 

(%) 

Ewes lambing to first service: 86 82 
(88) (87) 

Median number of days from entire 156 152 ••• 
ram introduction to lambing (151-160) (149-154) 

Days 
(lnterquartile range) 

Total number of ewes lambed by Day 
X after the onset of lambing of that 

group: 
(%) 

1 1 1 
(1) (1) 

7 22 31 $ 
(26) (38) 

14 60 73 •• 
(70) (89) 

17 68 76 • 
(79) (93) 

22 86 82 
(100) (100) 

Ewes lambing to first service having: 
1 lamb 9 8 

(10) (10) 
2 lambs 51 42 

(59) (51) 
>2 lambs 26 32 

(30) (39) 
Mean litter size (± sem) 2.20 ± 0.07 2.30 ± 0.07 

Ewes lambing to subsequent services 7 11 
(8) (13) 

Ewes that were barren, aborted or died 5 1 
(6) (1) 
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Figure 3.1 Cumulative distributions of mating (days after entire ram introduction) and 

lambing (days after the onset of lambing for each group) for fenceline ram-exposed 

ewes (mated: hatched bars n=94; lambing to first service: closed triangles n=82) and 

control ewes (mated: open bars n=98; lambing to first service: open triangles n=86). 

During the mating period raddle marks were checked daily and ewes lambing to first 

service were recorded as those that were not subsequently re-marked by the entire 

rams (confirmed by assessment of days from ram introduction to lambing). 
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3.4.2 EXPERIMENT 2 

3.4.2.1 PRE-MATING DATA (TABLE 3.2; BLOOD SAMPLED 

EWES ONLy) 

VR ewes had a significantly earlier median onset of cyclic activity (Table 3.2; P<O.Ol) 

and had a greater number of cycles prior to mating than VC ewes (P<O.Ol). These 

observations are likely to have been predominantly driven by the greater number of 

VR ewes having three oestrous cycles prior to mating (7 versus 0, P<0.05; VR and 

VC ewes respectively; Figure 3.2). 

Using the progesterone data from the last two cycles pnor to mating, a mean 

synchrony score was calculated for each group. The VR ewes had a significantly 

lower synchrony score than the VC ewes (2.34 versus 3.08; P<O.Ol) indicating a 

greater degree of synchrony at mating which is supported by the compaction of 

mating within the VR ewes shown in Figure 3.3. However it is also evident from 

Figure 3.3 that the synchrony at mating was not derived solely from a synchronous 

cyclic onset of the breeding season. This is shown by the progression in the 

cumulative distribution of dioestrous onset from the cycle after the second 

vasectomised ram exposure (when 100% of ewes were cycling) through to mating 

(Figure 3.3). This is in contrast to the VC ewes where the distribution of mating 

appears to have been predominantly determined by the distribution of dioestrous onset 

of the first cycle of the breeding season; with the greatest variation occurring after the 

introduction of entire rams for mating (Figure 3.4). This differential in the origin of 

the distributions observed at mating is supported by the persistently declining number 

of days from the date of the ram exposure to the onset of dioestrus over time within 

VR ewes, which is not evident within the VC ewes (Figure 3.5). 

During the penultimate cycle prior to mating (Cycle B), VR ewes had a significantly 

shorter absolute cycle length than VC ewes (Table 3.2). This shorter absolute cycle 

length was coupled with significantly greater variance around the median cyclic 

length within the VR ewes indicating significantly more variability in the distribution 

of cycle length within VR ewes (Levene's test; P<0.05). This is in contrast to the 

cycle immediately prior to mating (Cycle A; raddle mark data adjusted by 4.01 and 

4.10 for VR and VC ewes respectively) where there was no significant difference in 

absolute cycle length or in the variance around the median cycle length. 
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Within the VR ewes, the number of ewes in oestrus and thus marked by the 

vasectomised rams during each exposure period persistently increased over time from 

o during ram exposure 1 to 4% after ram exposure 2 and 17% after ram exposure 3. 

However as a proportion of ewes cycling at the time of each ram exposure the 

percentage of ewes in oestrus was sustained at 19% of those ewes cycling during ram 

exposure periods 2 and 3. 
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Table 3.2. Effect of vasectomised ram exposure on the onset of the breeding season 

and cycle characteristics of the oestrous cycles prior to entire ram introduction for 

mating. (Experiment 2; $ P<O.lO, '" P<O.05, "'''' P<O.Ol) 

VC VR P-Value 
Number of ewes 29 34 

(An ovular blood sampled ewes 
only) 

Median onset date of the first 10111 October 7111 October "'* 
cycle (7th - 10th October) (3rd 

_ 7th October) 
(Interquartile range) 

Number of ewes cycling on date 
of ram exposure 

1 0 0 
(loth September) (0) (0) 

2 0 7 * 
_(27th September) (0) (21) 

3 29 34 
(141h October) (100) (100) 

Median cycle length (B) 17.0 15.5 ** 
Penultimate cycle prior to (17-18) (14-17) 

mating 
(VC, n=28; VR, n=34) 

(Interquartile range) 
Median cycle length (A) 15.10 16.01 

Cycle prior to mating (14.1-16.6) (15.01-17.01) 
(VC, n=29; VR, n=34) 
Dnterquartile range) 
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Figure 3.2. Mean progesterone profiles (± SEM) for vasectomised ram-exposed and 

control ewes having 2 (VR: closed triangle, n=27; VC: open triangle, n=28) or 3 (VR: 

closed square, n=7) oestrous cycles prior to mating. Progesterone profiles were 

produced for control and vasectomised ram-exposed ewes from analysis of blood 

samples for progesterone taken twice weekly from 2 weeks before the first ram 

exposure through to ram introduction for mating. Note that one control ewe had only 

one oestrous cycle prior to mating and progesterone data for this ewe is not shown. 
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Figure 3.3. Cumulative distribution of dioestrous onset dates for VR ewes over the 

three cycle lengths prior to mating in terms of days after the date of each 

vasectomised ram exposure (Cycle C: closed diamond, n=7; Cycle B: closed square, 

n=34; Cycle A: closed triangle, n=34) and at mating (dash, n=34). Ewes were blood 

sampled twice weekly for progesterone and the onset of dioestrus was determined as 

the sample when progesterone concentrations rose above I.Sng/ml. The onset date of 

dioestrus after mating was calculated from adjusted raddle mark data as date of 

marking + 4.01 days (4.01 days was derived from the mean number of days from the 

nadir point on the progesterone profiles to the recorded onset date of dioestrus as 

defined above). 

50 



-(1) 
I/) 
c 
0 
.eX 
::~ 
~ «l 
1/)0 
(1) C 
~ 0 
(1) I/) 

It- ::::J o ~ -:::S! I/) o (1) 
(1) 0 > .-._ '0 
-It-
~ 0 
::::J 
E 
:::I 
() 

100 
90 
80 
70 
60 
50 
40 
30 
20 
10 
0 <>-r-O-r <> T <>- r -<>-;. -0- T <>-r <>-r -0-.,. -¢-,<> T-¢- T -<> 1 -<>- T 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

Days after date of ram exposure of VR ewes 

Figure 3.4. Cumulative distribution of dioestrous onset dates for VC ewes over the 

three cycle lengths prior to mating in terms of days after the date of the ram exposures 

of the VR ewes (Cycle C: open diamond, n=O; Cycle B: open square, n=28; Cycle A: 

open triangle, n=29) and during mating (dash, n=29). Ewes were blood sampled twice 

weekly for progesterone and the onset dioestrus was determined as the sample when 

progesterone concentrations rose above 1.Sng/ml. The onset date of dioestrus after 

mating was calculated from adjusted raddle mark data as date of marking + 4.10 days 

(4.10 days was derived from the mean number of days from the nadir point on the 

progesterone profiles to the recorded onset date of dioestrus as defined above). 
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Figure 3.5. Mean number of days from the date of the ram exposures of the VR ewes 

to the onset of the first or subsequent oestrous cycle over the three cycle lengths prior 

to mating within vasectomised ram-exposed (3 cycles: hatched bars, n=7; 2 cycles: 

vertically hatched bars, n=28) and control ewes (2 cycles: open bars, n=28). Due to 

the abnormal distribution of the data, the number of days between dioestrous onset 

dates after each ram exposure period was compared using the Wilcoxon signed rank 

test. Within VR ewes having three cycles prior to mating there was a significant 

depression in the days from ram exposure to dioestrous onset between after ram 

exposure periods 1 and 3 (P<O.05) but not between periods 2 and 3 (P>O.l). Within 

VR ewes having two cycles prior to mating there was significant depression in days 

from ram exposure to dioestrous onset between ram exposure periods 2 and 3 

(P<O.05). Within the VC ewes there was no significant depression in days from the 

date of the ram exposure ofVR ewes to dioestrous onset (P>O.l). 
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3.4.2.2 MATING AND LAMBING DATA (ALL EWES; TABLE 3.3) 

The median date of mating occurred significantly earlier within the VR ewes 

compared to VC ewes (Table 3.3; P<O.OOI). The cumulative number of VR ewes 

mated was consistently numerically greater than VC ewes from Day 1 after ram 

introduction (Figure 3.6) and reached and maintained significance from Days 4 to 10 

after ram introduction (Table 3.3; at least P<O.05). VR ewes had significantly less 

variance around the median time of mating (Levene's test; P<O.Ol) which supports 

the lower synchrony score calculated from the progesterone data thus indicating a 

greater degree of synchrony of mating within the VR ewes. 

Within those ewes lambing to first service, VR ewes had an earlier median lambing 

date than VC ewes (Table 3.3; P<O.OOl). The cumulative number ofVR ewes lambed 

was consistently numerically greater than VC ewes from Day 2 after the onset of 

lambing and significance was reached and maintained from Days 4 to 16 of the 

lambing period (Figure 3.6; At least P<O.05). The variance around the median time 

from ram introduction to lambing was less for VR than VC ewes (Levene's test; 

P<O.Ol) indicating that a degree of the synchrony observed at mating had continued 

through to lambing in the VR ewes. VR ewes had a lower mean litter size than VC 

ewes (Table 3.3). A chi square test shows that this was due to a tendency for VR ewes 

to have more single lambs than VC ewes (Table 3.3; P<O.l). Figure 3.7 shows that 

with the exception of Day 2 after mating the VR ewes had a persistently lower litter 

size than VC ewes. However there appeared to be no significant association between 

the time of mating and number of lambs born. Similarly the number of lambs born 

was not influenced by the number of cycles prior to mating or maximum progesterone 

concentration when considered overall or in cycles A or B. Furthermore there was no 

significant difference between treatment groups in the numbers of ewes lambing to 

subsequent services or that were barren, culled or died during the experiment (Table 

3.3). 
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Table 3.3. Effect of repeated exposure to vasectomised rams on the time and 

distribution of mating (days after ram introduction), lambing (days after the onset of 

lambing within each group) and fertility. (Experiment 2; $ P<0.10, * P<O.05, ** 
P<O.Ol *** P<O.OOl) 

VC VR 
Number of ewes 106 103 P Value 

Median time from entire ram 6.00 5.00 ... ** 
introduction to mating (3-8) (2-6) 

Days 
(Interquartile range) 

Total numbers of ewes bred by: 
(%) 

Day 1 12 21 $ 
(11) (20) 

Day 7 63 90 *** 
(59) (87) 

Day 14 105 103 
(99) (100) 

Ewes first marked more than 17 days 1 0 
after entire ram introduction (1) (0) 

(%) 

Ewes lambing to first service: 96 93 
(91) (90) 

Median number of days from ram 153 151 ** ... 
introduction to lambing (151-155) (149-153) 

Days 
(Interquartile range) 

Total number of ewes lambed by Day X 
after the onset of lambing of that group: 

(%) 
1 2 1 

(2) (1) 

7 24 53 **. 
(25) (57) 

14 84 91 ... * 
(88) (98) 

17 93 93 $ 
(97) (100) 

Ewes lambing to first service having: 
(%) 

1 lamb 10 18 $ 
(10) (19) 

2 lambs 65 60 
(68) (65) 

> 21ambs 20 15 
(21) (16) 

Mean litter size 2.16 :t 0.07 1.99 ± 0.07 $ 

Ewes lambing to subsequent services 6 6 
(6) (6) 

Ewes that were barren, aborted or died 4 4 
(4) (4) 
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Figure 3.6 Cumulative distributions of mating (days after entire ram introduction) and 

lambing (days after the onset of lambing of each group) for vasectomised ram

exposed (mated: hatched bars, n=103; lambing to first service: closed triangles, n=93) 

and control ewes (mated: open bars, n=106; lambing to first service: open triangles, 

n=96). During the mating period, raddle marks were checked daily and ewes lambing 

to first service were recorded as those that were not subsequently re-marked by the 

entire rams (confirmed by assessment of days from ram introduction to lambing). 
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3.5 DISCUSSION 

Ewes exposed to both fence-line and vasectomised ram contact showed a significantly 

advanced and compacted distribution of both time of mating and lambing with no 

negative impact on conception rates to the first service. The marked effect of these 

repeated short duration ram exposures on the distribution of the mating period 

indicates that continued ram presence is not necessary to sustain an ovulatory 

response, a result that contradicts many assumptions within the literature. Oldham and 

Pearce (1983) demonstrated a depletion of the LH response within anoestrous ewes 

exposed to rams if the rams were removed 6 hours after introduction. Furthermore 

Signoret et al., (1982) demonstrated a direct relationship between the duration of ram 

presence and the numbers of anoestrous ewes ovulating. Specifically when rams were 

removed after 24 hours, only 19% of ewes ovulated in response to ram introduction 

compared to 60% after 15 days (Signoret et al., 1982). Knight (1980) demonstrated 

that 24 hours was a sufficient exposure period to induce an ovulatory response in 

anoestrous Romney ewes. However when a 24-hour exposure was applied early in the 

breeding season, the distributions of mating and lambing spanned weeks (Knight, 

1980) rather than the compacted period of days achieved in this study. The principal 

assumption of a need for sustained ram presence is widely supported in the literature 

(Review; Martin et al., 1986) and remains a focus of methodology of the majority of 

recent 'ram effect' studies conducted during anoestrus irrespective of breed or climate 

(Mexico, Merino Rambouillet: Urittia et al., 2000; UK, Mule ewes: AI-Mauly et al., 

1991). Therefore I hypothesise that the synchrony observed in this study in ewes 

exposed to both the fence-line and vasectomised ram-exposed ewes is likely to be a 

function of the sequential repetition of the ram stimulus, isolation between exposures 

and most critically the proximity of the ram exposures to the natural breeding season. 

Response to conventional use of the ram effect is widely accepted to be significantly 

affected by depth of seasonality (Martin et al., 1986) and is positively correlated with 

the proportion of anoestrous ewes spontaneously ovulating that increases with the 

advancing onset of the natural breeding season (Lindsay and Signoret, 1980). The first 

ram exposure within both experiments in this study occurred during early September 

when the mule ewe is likely to be in the transitional period between anoestrus and the 

breeding season (Mitchell et al., 1997). This transitional period is characterised by 

fluctuating sensitivity of the hypothalamic-hypophyseal axis to oestradiol and is 

accompanied by shifts in LH pulse frequency (Karsch et al., 1984). Karsch (1980) 
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suggested that during this transitional period, sustained elevation of LH might be 

sufficient to induce a LH surge and the first ovulation of the breeding season. The 

mule ewe is capable of responding to the ram effect at this time of year with an 

increase in LH concentrations (Stansfield et al., 1987; AI-Mauly et ai., 1991). 

Therefore I hypothesise that the timing of the periodic fence-line or vasectomised ram 

exposures during this transitional period may have been sufficient to induce an 

increase in LH concentrations that in some ewes was sufficient to induce or influence 

the timing of the first ovulation of the breeding season. This theory is supported by 

the 20% of VR ewes, which had their first oestrous cycle of the breeding season 

during the 17 days after the first vasectomised ram exposure of the season compared 

to the control ewes where no ewes ovulated during this period. 

The progesterone data indicates that at the time of the second vasectomised ram 

exposure, 80% of the vasectomised ram-exposed ewes were still anovular. The raddle 

mark data indicates that within the group, 4% of the VR ewes were in oestrus during 

the second ram exposure period. These sexually receptive ewes may have had a direct 

effect on the remaining anovular ewes or an indirect effect by modulating the 

behaviour of the vasectomised rams during the subsequent exposure periods. The 

potency of oestrous females in inducing an onset of cyclic activity in anoestrous 

females is well documented in goats (Restall et ai., 1993; Walkden-Brown et al., 

1993). Evidence of a similar female-to-female effect in sheep is equivocal due partly 

to the use of the ram for detection of oestrus (Zarco et al., 1995) thus any stimulation 

of oestrus may merely be a reflection of a ewe-ram-ewe effect. This type of 'social 

facilitation' is a widely reported phenomenon in both sheep (Knight 1985, Knight et 

ai., 1998; Nugent and Notter, 1990; Gonzalez et ai., 1991a) and goats (Walkden

Brown et ai., 1993). There is considerable evidence that exposure of rams to oestrous 

ewes evokes an increase in LH (Gonzalez et ai., 1998) and testosterone (Knight et a/., 

1998) concentrations and that alterations in these endocrine parameters affect the 

expression of sexual behaviour (Gonzalez et ai., 1991a; Rosa et a/., 2000). Perkins 

and Fitzgerald, (1994) identified a major functional role of libido and courting 

behaviour in the success of ram induced ovulation in anoestrous ewes thus inferring a 

direct link between sexual behaviour and ewe response to the ram effect. Indeed 

Knight (1985) identified a significant benefit in using pre-stimulated rams to induce 

ovulation in anoestrous ewes compared to previously un-stimulated rams. Therefore 

the presence of oestrous ewes during the second exposure period may have further 
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enhanced the potency of the ram stimulus and been associated with a stronger 

endocrine response to the rams. I hypothesise that this social facilitation, in 

combination with the timing of the second vasectomised ram exposure closer to the 

natural breeding season were responsible for the remaining ewes having their fIrst 

oestrous cycle within 11 days of the vasectomised ram exposure period. Furthermore 

the comparatively fewer days from vasectomised ram exposure to the onset of 

dioestrus within the vasectomised ram-exposed ewes having two rather than three 

cycles further supports an enhancement of ewe sensitivity and/or the ram stimulus 

during the second vasectomised ram exposure period. 

Within the vasectomised ram-exposed ewes the synchrony observed at mating does 

not appear to be solely due to a synchronous onset of cycling stimulated by the fIrst, 

second or third ram exposure period that was then sustained through to mating as we 

had originally hypothesised. Within the vasectomised ram-exposed ewes there 

appears to be a progression in synchrony over the three successive cycle lengths prior 

to mating. This is indicated by the tightening of the distribution of dioestrous onset 

shown in Figure 3.3. This is in marked contrast to the control ewes where the 

synchrony attained at the onset of the breeding season is the predominant factor 

driving the distribution of mating as shown in Figure 3.4. Therefore this raises the 

question as to the origin and mechanism behind the progression in synchrony 

observed within the vasectomised ram-exposed ewes and whether this mechanism is 

also likely to be responsible for the synchrony observed in the ewes exposed only to 

fence-line ram contact. 

Over the three sequential vasectomised ram exposures there is a progressive decline in 

the number of days from the date of the ram exposure to the dioestrous onset of the 

fIrst or subsequent oestrous cycles as shown in Figure 3.5. As the ram exposures were 

timed at 17 -day intervals this suggests a progression towards synchrony that once the 

ewes are cycling can only be mediated through a variation in cycle length. Though 

this is subject to some variation due to the twice-weekly blood-sampling regimen, the 

lack of a similar significant decline within the control ewes indicates that this is an 

important observation. Within a number of species the presence of the male is 

associated with an alteration in the pattern of oestrous cycles though there are 

conflicting reports of an extension and/or compaction of cycle length between species 

(Review; McClintok, 1983). Skinner et ai., (2002) found that the introduction of the 
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male to cyclic Springbok ewes compacted the distribution of oestrus and was 

associated with an extension of the cycle length i.e. a luteotrophic effect of the male. 

However all Springbok ewes were in their luteal phase when the males were 

introduced and studies in other species have shown that stage of cycle can be a critical 

factor to whether male has a luteotrophic or luteolytic effect (woolly opossums; Perret 

and M'Barek, 1991). 

In several review articles a role of the ram effect during the breeding season has been 

somewhat dismissed due to the confounding factor of sporadic sustained elevations in 

progesterone within randomly cycling sheep (Pearce and Oldham, 1984; Walkden

Brown et ai., 1999). However Ngere and Dzakuma, (1975) identified a direct effect of 

ram exposure on the distribution of mating within randomly cycling aseasonal tropical 

ewes. Furthermore Chemineau (1983) identified a degree of synchronisation of 

oestrus within cyclic Creole goats that was speculated to have been driven by a 

luteolytic effect of the buck. However neither study show a conclusive mechanism 

driving this attainment of synchrony. Several studies have shown that ewes under the 

influence of artificial progesterone respond to ram exposure with a similar but 

suppressed increase in LH concentrations to that seen in untreated anoestrous ewes 

(Poindron et ai., 1980; Pearce and Oldham, 1983; Evans et ai., 2004). Furthermore 

there is evidence that this LH response advances the LH surge and ovulation post 

sponge removal (Evans et a/., 2004) with subsidiary effects on fertility parameters 

(Evans et a/., 2004; Hawken et a/., 2005). These observations would therefore suggest 

that randomly cycling ewes in their luteal phase might respond to ram exposure with 

an increase in LH concentrations that could have affected the follicle dynamics within 

that and the subsequent cycle. I propose that the isolation of ewes between exposure 

periods is likely to result in elicitation of an LH response during each ram exposure 

period because it is greater than the proposed minimal 2-week isolation period 

outlined by Martin et a/., (1986). The subsidiary effects of ram exposure whilst under 

the influence of progesterone may act in a similar way to that proposed by Hawken et 

ai., (2005) resulting in an earlier LH surge driven by the presence of a large follicle 

stimulated by the ram induced elevation in LH. Therefore this would serve to reduce 

the inter-dioestrous interval, effectively resulting in a compaction in cycle length. 

However I propose that the effects of a ram induced elevation in LH in cyclic ewes 

may not only be dependent on whether the ewes are in their follicular phase or luteal 
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phase, but may also be dependent on the stage of their luteal phase when exposed to 

the ram stimulus. Nephew et al., (1991) showed that progesterone levels during days 

2 to 4 after mating within ewes which characteristically show "short" cycle length 

were higher than ewes classified as having "long" oestrous cycles (15.9 ± O.l versus 

18.6 0.4 days; mean ± sem). Elevated levels of LH during the early luteal phase are 

essential for the development of a competent corpus luteum and progesterone 

production from the small (LH dependent) luteal cells during this early luteal phase 

(Niswender et al., 1994). Nephew et al., (1991) proposed a causal relationship 

between progesterone concentrations during the early luteal phase and cycle length. 

Therefore a ram induced increase in LH and consequently progesterone may be 

another possible mechanism behind the observed variation in cycle length driving the 

ram-exposed ewes towards synchrony at mating. 

The timing of release of prostaglandin F2a (PGF2J is the predominant driving force of 

the timing of luteolysis and thus cycle length (Zarco et aI., 1988). However to my 

knowledge there are no direct studies into the effect of ram introduction on PGF20c or 

factors affecting PGF 20c release. However though LH is luteotrophic in action during 

the early part of the luteal phase (Niswender et al., 1994) there is some evidence of a 

luteolytic role of LH towards the end of the luteal phase. In the ewe, Weems et al., 

(2003) identified an increase in secretion of PGF20c when ewe endometrium was 

exposed, in vitro, to LH on Day 15 of the oestrous cycle. A multifunctional role ofLH 

in luteolysis in the non-bred ewe mediated through up-regulation of LH receptors in 

the uterine endometrium during the late luteal phase could offer a further mechanism 

driving the observed variance in cycle length in ram-exposed ewes. However the 

levels of LH used in vitro to elicit this type of response are likely to be higher than 

that produced in response to the ram especially whilst under the influence of 

progesterone (Weems et al., 2003; 10ng/ml, Chapter 3; pulse amplitude: 1-2ng/ml). 

Furthermore the LH stimulation used in vitro is likely to be constant rather than 

pulsatile, as is characteristics in vivo. Therefore this area requires further work to 

elucidate whether LH does have a role in luteolysis mediated through uterine LH 

receptors in vivo and only then could it be deduced whether a ram induced increase in 

LH could affect cycle length in this way. 
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An effect of the ram on the length of the follicular phase is more easily rationalised 

based on the observations that continued ram presence during the pro-oestrus and 

oestrus significantly advanced the time of ovulation relative to the onset of oestrus 

(Lindsay et al., 1975). These observations are supported by those observed during an 

artificially induced follicular phase where ram presence post sponge removal was 

associated with an accelerated onset and reduced duration of oestrus (Maxwell, 1986; 

Romano et al., 2000; 2001). Therefore I propose that a ram induced increase in LH in 

ewes in their follicular phase at the time of ram introduction, may have stimulated a 

similar advance of oestrus, the subsequent LH surge and ovulation, thus reducing the 

inter-dioestrous interval and cycle length. 

A reduction in cycle length was not however evident within all vasectomised ram

exposed ewes and this may be an important observation in understanding the 

mechanism driving the progressive attainment of synchrony evident in this study. 

Yildiz et al., (2002) proposed that the depression in LH pulse frequency observed in 

their study when anoestrous ewes were exposed to oestrous ewes may have been due 

to the stage of cycle of the stimulatory ewes. It was proposed that ewes at differing 

stages of their cycle may elicit stimulatory or inhibitory signals to co-ordinate the 

onset of the anoestrous ewe's oestrous cycles with their own (Yildiz et al., 2002). 

This concept of enhancement and suppression of the ovarian cycle in rodents is 

comprehensively reviewed by Mclintok et al., (1983) but remains a contentious issue 

due to natural variation in cycle length and further controversy over the method of 

cycle measurement (Schank, 2000; 2001). Studies into the effects of cyclic ewes on 

the oestrous cycles of their flock mates is lacking in the literature and is an area that 

requires further investigation to determine if it is an active mechanism driving the 

synchrony observed in this study. Another possible factor that may explain the lack of 

a uniform effect of the ram exposure within the vasectomised ram exposed ewes is the 

role of dominance. Alvarez et al., (2003) found that high-ranking goats ovulated and 

conceived earlier in response to the buck effect and deduced this to be due to a 

monopolisation of time with and proximity to the buck. Within ewes, the role of 

dominance and social hierarchy appears to be relatively breed dependent (Squires and 

Daws, 1975) and is positively correlated with liveweight (Lobato and Beilharz, 1979). 

Therefore I speculate that it is possible that there may have been a hierarchy driven 

differential within the ram-exposed ewes in the level of intensity and endocrine 

response to the ram exposures. Thus as I am proposing that the alterations in cycle 
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length may have been driven by a variable endocrine response to the rams, this may 

have affected their distribution of cyclicity during the pre-mating period. 

The ram effect is not driven solely by pheromonal cues and maximum ovulatory 

responses to the ram effect during anoestrus are widely accepted to be associated with 

exposure to the full range of exteroreceptive stimuli (Pearce and Oldham, 1988). 

Therefore it is predictable that the mating period of the vasectomised ram-exposed 

ewes (Experiment 2) was distributed over a compacted number of days compared to 

the fenceline ram-exposed ewes (Experiment 1). Progesterone data from the control 

ewes in Experiment 2 indicates that the distribution observed at mating originates 

from a relatively compact distribution of the onset of cyclic activity. I hypothesise that 

this divergence in the control ewes is due to the blood sampling protocol in 

Experiment 2. Ewes are very susceptible to stress and in particular the handling 

element of the blood sampling (van Lier et ai., 1998). There is much evidence that 

stress such as that induced by transport can stimulate ovulation in anoestrous ewes 

(Braden and Moule, 1964). The control ewes within Experiment 1 were not handled 

during the pre-mating period and thus we hypothesise that the divergence in the 

distributions of mating in the control ewes within Experiment 2 was due to a stress 

induced, more synchronised onset of cycling. This theory is supported by the 

progesterone data for the control ewes that indicates that the synchrony evident at the 

onset of the breeding season was sustained at that level through to mating. 

The vasectomised ram-exposed ewes tended to have a lower litter size than control 

ewes; a trend that was not evident within the fence line ram-exposed ewes. However 

due to the critical necessity for group to group separation, the confounding factor of 

nutritional differences in pastures (both between locations and years) prevents any 

discussion of an effect of ram exposure per se, as nutrition is a primary influential 

factor on litter size (Review; Gunn, 1982). This area would require further 

investigation to determine if it is a significant observation. 

In summary, both short term fenceline ram-exposure and vasectomised ram-exposure 

repeated at three 17 -day intervals from the transition into the heart of the breeding 

season, resulted in a compaction of mating and subsequent lambing. The full 

complement of male sensory cues provided by the use of vasectomised rams during 

the 24-hour exposure periods resulted in a more synchronous distribution of mating 
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and lambing than fenceline ram contact alone. I propose that the synchrony observed 

at mating is a function of the timing of the ram exposures in the transition into the 

breeding season, (when the hypothalamic-hypophyseal axis is waning in sensitivity to 

the negative effects of oestradiol) and the repetition of the exposures once the ewes 

are cycling. However the ram-induced synchrony does not appear to be driven solely 

by a synchronous onset of the breeding season. I propose that the observed synchrony 

develops over time through an effect of the ram-induced endocrine response on ewes 

at different stages of their cycles thus concentrating the eventual mating period over a 

reduced number of days. 
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4. INVESTIGATION INTO THE EFFECTS OF DURATION AND 

FREQUENCY OF PERMANENT AND INTERMITTENT 

V ASECTOMISED RAM EXPOSURES DURING THE TRANSITION 

INTO BREEDING SEASON ON THE DISTRIBUTION OF MATING 

AND LAMBING. 

4.1 ABSTRACT 

Continuous ram presence is typically deemed necessary for maintenance of an 

endocrine response to ram introduction. However within Chapter 3, I have shown the 

potential for short term (24 hour) ram exposure periods to influence the onset of the 

breeding season and the distribution of mating. The main aim of this experiment was 

to compare the efficacy of intennittent and continuous ram exposures at 

synchronising the distribution of mating and lambing. During August, mule ewes 

were allocated to one of four groups; RVR ewes (n=113) were exposed to 

vasectomised rams for 24 hours on Days 0, 17 and 34 of the experiment; SVR ewes 

(n=109) were exposed to vasectomised rams for 24 hours on Day 0 and subsequently 

isolated from ram contact; PVR ewes (n=104) were introduced to vasectomised rams 

on Day 0 and they remained with the ewes for the duration of the pre-mating period; 

NVR ewes (n=Il3) were maintained as outlined for PVR ewes but with rams replaced 

every 17 days during the pre-mating period. Subsets of each group (n=22) were blood 

sampled twice weekly to monitor their pre-mating progesterone profiles. At mating, 

raddled entire rams were introduced 16 days after the last ram exposure and raddle 

marks were recorded daily. Ewes maintained in continuous ram presence had an 

earlier onset of the breeding season (At least P<0.05) and more ewes had three 

oestrous cycles prior to mating than intermittent ram exposed ewes (P<0.05). 

Synchrony scores were calculated for each group and indicated a greater degree of 

synchrony at mating in ewes maintained in continuous ram presence when compared 

to intermittent ram exposed ewes (P<0.001). Within the continuously ram exposed 

ewes, PVR ewes had a significantly earlier median date of mating than NVR ewes 

(P<O.Ol). Within the intermittent ram exposed ewes there was no difference in the 

median date of mating or in the variance around the median. However the 

significantly different synchrony scores between these groups (P<0.05) indicates a 

difference in the pattern of the distribution of mating in SVR and RVR ewes. Within 
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ewes lambing to the first service, RVR ewes had a significantly lower litter size than 

SVR ewes. The variation in the patterns of mating observed in this study infers the 

potential for tailoring the pattern of mating towards the most desirable distribution of 

lambing for an individual farmer. 
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4.2 INTRODUCTION 

The proportion of ewes ovulating in response to the ram effect is positively correlated 

with the proximity of the onset of the natural breeding season (Lindsay and Signoret, 

1980). Furthermore ewes stimulated to ovulate by the ram effect towards the end of 

their non-breeding season have a greater propensity to continue to cycle regularly and 

maintain cyclicity through to the next anoestrus (Oldham and Cognie, 1980; Rosa and 

Bryant, 2002). Within Chapter 3, I successfully compacted the period of mating and 

lambing using repeated 24-hour fenceline and vasectomised ram exposure periods, 

repeated every 17 days from the transition into the core of the breeding season. The 

first ram exposure was timed in early September and within the ewes exposed to the 

vasectomised rams, 20% of ewes ovulated during the 17 day period after this fITst ram 

exposure period and maintained regular oestrous cycles through to mating. However 

in the absence of further ram contact, what effect would these ram-stimulated ewes 

have on the onset of cyclic activity of the remaining anovular ewes. In the current 

study, I propose to compare the efficacy of a single 24-hour ram exposure period 

(timed at the same point relative to the onset of the breeding season as the first ram 

exposure period in Chapter 3) with the repeated short-term ram exposure strategy 

developed in Chapter 3. 

Continued ram presence is typically deemed necessary for an optimum proportion of 

anoestrous ewes to ovulate in response to the ram effect (Oldham and Pearce, 1983). 

It is proposed that the continuous ram presence sustains a high concentration of LH 

resulting in a larger proportion of ewes having an LH surge and ovulating in response 

to the ram effect. Though in Chapter 3, I obtained a good level of synchrony at mating 

using repeated 24 hour ram exposures, the proportion of ewes that ovulated within 17 

days of the first exposure (20%) is low when compared to responses to conventional 

application of the ram effect (Merino, 40-100%; Signoret, 1990). Therefore I propose 

that continued ram presence over the same pre-mating period (Early-September to 

November) will increase the proportion of ewes ovulating and remaining cyclic after 

the initial ram introduction compared to ewes exposed to a single or repeated 24 hour 

ram exposure strategy. 

Within ewes ovulating in response to the ram effect a large proportion revert to an 

anovulatory state even when maintained in continued presence of the ram (Pearce and 
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Oldham, 1984). This led to the suggestion that the ewe becomes refractory or 

habituated to the ram stimulus (Martin et al., 1986). This concept of habituation is 

supported by the initial proposal by Underwood et al., (1944) that ewes must undergo 

a period of isolation to respond to the ram effect. Indeed ewes maintained in constant 

ram presence have a comparable onset of the breeding season to anoestrous to ewes 

isolated from the ram stimulus (Riches and Watson, 1954). However more recent 

work has shown that it is the novelty of the ram stimulus rather than the ram presence 

per se that is the predominant factor in determining the response of ewes to the ram 

effect (Pearce and Oldham, 1988; Cushwa et al., 1992). Therefore I propose that by 

intermittently removing and replacing the rams with different rams (thus maintaining 

the novelty of the ram stimulus) I will be able to alter the pattern and synchrony of 

mating. Furthermore the 24-hour ram exposures used in Chapter 3 appeared to affect 

the dynamics of cycle length once ewes were cycling. Therefore I propose that 

renewing the ram stimulus at the same 17 days interval as applied in Chapter 3, I may 

further affect cyclic distribution over and above that of continuous ram presence alone. 

This aim of this experiment was to compare the efficacy of the repeated short term 

vasectomised ram exposure strategy developed in Chapter 3 as a method of oestrus 

synchronisation with other frequencies and durations of ram exposure during the pre

mating period. The first comparison is made with a single 24-hour ram exposure to 

determine if any synchrony can be derived and maintained in response to a single 

short duration ram exposure during the transition into the breeding season. The 

second and third comparisons were made with ewes permanently exposed to 

vasectomised rams for the duration of the pre-mating period. Within one of these 

groups, the vasectomised rams were removed and replaced with novel rams at 17-day 

intervals to investigate the role of novelty and possible habituation to the ram stimulus. 

Specifically I aimed to compare the levels and attainment of synchrony at mating and 

lambing and any effects on conception rates and litter size. 
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4.3 MATERIALS AND METHODS 

4.3.1 ANIMALS AND EXPERIMENTAL PROCEDURES 

The study was conducted at Cockle Park Research Farm, Northumberland (55° 13'N), 

using multiparous mule ewes (Swaledale x BluefacedIBorder Leicester) which had 

been previously isolated (not within 500m) from ram contact. During August, ewes 

were assigned to a repeated vasectomised ram exposure group (RVR n=I13), a short 

duration single vasectomised ram exposure groups (SVR; n=109), permanent 

vasectomised ram exposure group (PVR; n= 1 04) or novel vasectomised ram exposure 

group (NVR; n=I13) balanced for age and parity. 

Repeated ram exposed ewes (R VR) 

RVR ewes were exposed to vasectomised rams (n=3) for 24 hours on Days 0 

(September 11 th), 17 and 34 of the experiment. The timing of the first and subsequent 

ram exposure periods is the same as that used in Chapter 3. Raddle marks were 

recorded at the end of each exposure period and raddle colour was changed before the 

next exposure period to monitor continued or first incidence of oestrus. Within the 

RVR ewes, novel vasectomised rams were used for each exposure period to permit 

repetition of the novelty of each exposure. 

Single ram exposed ewes (SVR) 

SVR ewes were only exposed to raddled vasectomised rams once (n=3) for 24 hours 

on Day 0 (September 11 tb). Raddle marks were checked at the end of the exposure 

period to monitor the incidence of oestrus. Ewes were then isolated from ram contact 

for the remainder of the pre-mating period. 

Permanent ram exposed ewes (PVR) 

Raddled vasectomised rams (n=3) were introduced to PVR ewes on Day 0 of the 

experiment (12th September, one day after the SVR and RVR ewes to permit rotation 

of vasectomised rams) and remained with the ewes for the duration of the pre-mating 

period. The raddle colour was changed at 17 -day intervals on Days 17 and 34 and 

raddle marks were checked twice weekly to monitor the distribution of the onset of 

the breeding season and the subsequent timing of oestrus. 
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Novel ram exposed ewes (NVR) 

Raddled vasectomised rams (n=3) were introduced to NVR ewes on Day 0 of the 

experiment (12th September) and remained with the ewes for the fIrst 17 days of the 

experiment. On Day 17 they were removed and replaced with novel vasectomised 

rams (n=3). Novel rams were defIned as vasectomised rams that hadn't been in 

contact with the NVR ewes for a minimum period of 2 weeks. These vasectomised 

rams remained with the ewes for a further 17 days until Day 34 when they were 

removed and replaced with another set of novel raddled rams (n=3) that remained 

with the NVR ewes until mating. Raddle colour was different for each set of novel 

vasectomised rams and raddle marks were checked twice weekly to monitor the 

distribution of the onset of the breeding season and subsequent timing of oestrus. 
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I SVR I VR I Isolated from ram contact 

Isolated from ram Isolated from ram 

Entire 
rams 

Isolated from ram 

Day 0 
Illh Sept 

Day 17 
281h Sept 

Day 34 
15th Oct 

Day 50 
31 sl Oct 

I PVR I 

Day 0 
lih Sept 

VRA (0=3) 

Figure 4.1 Protocol Diagram 

Day 17 
291h Sept 

VR (0= 3) 

VRB (0=3) 

Day 34 
16th Oct 

VRC (n=3) 

~ Vasectomised rams (n=3) used for 24-hour exposure of SVR ewes after which 

they were introduced to PVR ewes and remained with these ewes for the 

duration of the pre-mating period. The raddle colour indicated above as RC 

was changed every 17 days. 

IvRAl 
~ The vasectomised rams (n=3) used for the three 24 hour exposures of RVR 

ewes were removed from RVR ewes and introduced to NVR ewes at 17 day EJ intervals at a one day delay to permit this rotation of the rams. Each set of 

~ vasectomised rams replaced the previous set. A different raddle colour was 

~ used on each set of vasectomised rams. 

Entire 
rams 

The raddle colour on the harness of the ram was changed 

Raddled entire rams (n=4 per group) were introduced to all groups 16 days 

after the onset of the final ram exposure period. 
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4.3.1.1 MATING 

The groups of ewes were not mixed at mating to avoid any effect of the number of 

oestrous ewes within one treatment affecting the sexual activity of the entire rams and 

thus possibly the distribution of mating within another treatment. Therefore to avoid 

any effect of the ram on the fertility parameters, entire rams were libido tested and 

were allocated between treatment groups according to libido score. Raddled entire 

rams (Suffolk, n=8 Texel, n=8) were introduced for mating (l ram: 25 ewes) on 31 st 

October to SVR and RVR ewes and 1st November to PVR and NVR ewes to permit 

introduction of entire rams on the same day relative to the last vasectomised ram 

exposure period (16 days). Raddle marks were recorded daily to identify the timing 

and numbers of ewes mated during the first oestrous cycle and then recorded weekly 

for the subsequent 34 days. Raddle colour was changed on Days 14 and 32 after entire 

ram introduction to permit identification of ewes not conceiving to the first service. 

Ewes were maintained in accordance with commercial farm practice until lambing 

when the number of lambs and date of lambing were recorded. 

4.3.2 BLOOD COLLECTION 

Blood samples (5ml) were collected twice weekly by jugular venepuncture 

(Vacutainer, Becton-Dickinson Limited, Coventry) from a subset of SVR (n=22), 

RVR (n=22), PVR (n=22) and NVR ewes (n=22). Sampling commenced 

approximately 2 weeks prior to the first vasectomised ram exposure on Day -13 (SVR 

and RVR) and Day -15 (PVR and NVR) and continued until to Day 50 (31st October). 

The sampling regime was necessary to establish whether the ewes were anovular prior 

to the first vasectomised ram exposure and to monitor the progesterone profiles 

generated in response to the different frequencies and duration of vasectomised ram 

exposures during the pre-mating period. Blood samples were centrifuged within 24 

hours at 3000 rpm for 20 minutes. Plasma was decanted into duplicate plastic tubes 

(Sarstedt Ltd, Leicester, UK) that were capped, immediately frozen and stored at 

-20°C until analysis. 

4.3.3. HORMONE ANALYSIS 

Progesterone concentrations were measured in duplicate using a commercial ELISA 

kit (Ridgeway Science Ltd, Gloucester, UK) as outlined in Chapter 3. Mean intra

assay and inter-assay coefficients of variation for low (1.46ng/ml), medium 
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(2.3lnglml) high (7.00ng/ml) plasma samples were 7.5%and 14.6%, 5.2%and 10.3% 

and 5.7% and 12.8% respectively. The limit of sensitivity of the assay was 0.2 nglml. 

4.3.4 DATA ANALYSIS 

4.3.4.1 BLOOD SAMPLED EWES ONLY 

Blood sampled ewes were initially assessed for their anovular or cyclic status. A ewe 

was classified as cyclic prior to ram introduction if progesterone (during the four 

samples prior to the first ram exposure period) was elevated above 1.5ng/ml for at 

least 2 consecutive samples. Only data from ewes that were anovular at the time of 

the first ram exposure were used in the analysis. Within the four treatment groups, 2 

SVR, 2 RVR, 3 PVR and 1 NVR ewes were cycling prior to the first ram exposure 

period and were thus excluded from further analysis. Due to the abnormal distribution 

of the data, non-parametric analyses were used throughout, with the exception of 

analysis of maximum progesterone concentrations that was normally distributed and 

thus analysed by parametric analysis. 

Within the blood sampled ewes, the onset of dioestrus of the first oestrous cycle of the 

breeding season and of subsequent oestrous cycles was defined as the sample date 

when the progesterone level exceeded the mean of the previous samples by two 

standard deviations and was sustained at or above this level for at least 2 consecutive 

samples. The onset of each subsequent oestrous cycle was determined as the sample 

date when the progesterone level again exceeded the calculated threshold of the first 

oestrous cycle. Cycle length was calculated as the number of days between the onset 

dates of dioestrous of successive oestrous cycles. 

Cyclic onset date and cycle length were firstly compared between treatments using 

Kruskal Wallis test (Minitab 13.1). The cycle immediately prior to mating was termed 

cycle A and the penultimate cycle prior to mating was termed cycle B. Where ewes 

had three oestrous cycles prior to mating this third cycle was termed cycle C. 

Progesterone concentration could not be used to determine the end of cycle A as 

plasma samples were not collected after entire rams were introduced. Therefore cycle 

length for cycle A was adjusted for the average number of days from the observed 

nadir point on the progesterone profiles to the recorded date of dioestrous onset (4.72, 

4.52, 4.11, 5.06 for NVR, PVR, RVR and SVR ewes respectively). Where a 
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significant difference was detected in cyclic onset or cycle length, each treatment 

group was then compared by Mann Whitney Utest (Minitab 13.1) to assess the source 

of this difference between groups. Levene's test (Mini tab 13.1) was used to assess the 

homogeneity of variance around the median cycle length between treatments over the 

three cycles prior to mating. The number of days from the date of the ram exposure to 

the onset of dioestrus was compared between cycles A, B and C within treatments 

using a Wilcoxon Signed Rank test (Genstat 5 Release 3.2) to give an indication of 

any increase or decrease in the time of dioestrous onset over the pre-mating period. 

Maximum progesterone concentrations over the three oestrous cycles prior to mating 

were analysed using General Linear Model (Mini tab 13.1) to examine the effect of 

treatment, cycle and any interaction between the two on the maximum level of 

progesterone. Within PVR and NVR ewes, maximum progesterone over the three 

oestrous cycles prior to mating were compared using a Paired T-test. This analysis 

could not be conducted in the SVR and RVR ewes due to the requirement of an equal 

number of ewes within each cycle and the varying numbers of ewes in these treatment 

groups having 1, 2 or 3 oestrous cycles prior to mating. 

Further analysis was undertaken to determine the level of synchrony of each treatment 

group at mating. The synchrony of mating of the treatment groups was determined 

using a method typically adopted in analysis of menstrual synchrony known as the 

"last month's method" (Weller and Weller, 1993; 1997) that is outlined fully in 

Chapter 3. The group synchrony scores were initially compared between the four 

treatment groups using the Kruskal Wallis test (Minitab 13.1). Where a significant 

difference was detected, each treatment group was then compared using the Mann

Whitney U test (Minitab, 13.1). 

4.3.4.2 ALL EWES 

After ram introduction to the PVR and NVR ewes, raddle mark data was collected 

twice weekly to monitor the distribution of oestrus during the pre-mating period. The 

number of ewes marked twice by the vasectomised rams prior to mating accounted for 

87% and 81% of PVR and NVR ewes respectively. Within these ewes the number of 

days from the date of novel ram introduction (or date of raddle colour change) to 

marking by the vasectomised rams or entire rams were compared within treatment 
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groups using Wilcoxon Signed Rank test (Genstat 5, version 3,2) and between PVR 

and NVR ewes by Mann Whitney U test (Minitab 13.1). The number of days after 

ram introduction to mating was adjusted by 1 day to allow for the 16 rather than 17-

day interval between entire ram introduction and the third ram exposure period. 

Furthermore as radd1e mark data for mating were collected daily rather than the twice

weekly frequency during the pre-mating period, the mating data was further adjusted 

to represent ewes marked on Days 4, 7, 10, 14 and 17 to mimic the previous 

frequency of recording of raddle marks. 

F or all ewes, the times of mating and lambing were initially compared using the 

Kruskal Wallis test (Mini tab 13.1) to detect if there was any difference between 

treatments. Where a significant difference was detected, treatment groups were 

compared by Mann Whitney U test (Minitab 13.1) to detect the origin of the 

difference. Levene's test (Minitab 13.1) was used to assess the homogeneity of 

variance around the median time of mating and lambing. This test was used as a 

significant difference in the variation around the median between data sets indicates 

improved synchrony within the group with less variation around the median. The total 

numbers of ewes mated and lambing (X days after entire ram introduction) and the 

number of ewes having single, twin or multiple births were compared by Chi Square 

analysis (Minitab 13.1). 

4.4 RESULTS 

4.4.1 PRE-MATING DATA (TABLE 4.1) 

The progesterone data indicates that the NVR ewes and PVR ewes had a significantly 

earlier median onset of cyclic activity than RVR ewes (Table 4.1; P<O.OI). NVR ewes 

also had a significantly earlier onset of cyclic activity than SVR ewes (Table 4.1; 

P<0.05). However although PVR ewes had an earlier onset of cyclic activity than 

SVR ewes this difference was not significant (Table 4.1; P<O.I). These differences in 

onset date of cyclic activity resulted in a greater number of NVR and PVR ewes 

baving three oestrous cycles prior to mating (100% and 100% versus 40% and 25%, 

P<0.05; NVR and PVR versus SVR and RVR ewes respectively). There was no 

significant difference between NVR versus PVR ewes and RVR versus SVR ewes in 

the median onset of cyclic activity (Table 4.1; P>0.05). 
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Using the progesterone data from the last two cycles prior to mating, a mean 

synchrony score was calculated for each treatment at mating. NVR and PVR ewes had 

a significantly lower mean synchrony score than both RVR and SVR ewes (1.06 and 

1.06 versus 2.64 and 3.42; P<O.OOl). RVR ewes had a significantly lower synchrony 

score than SVR ewes (P<0.05) indicating a greater compaction in the period of 

mating in RVR ewes. There was no difference between PVR and NVR ewes in their 

synchrony scores at mating. 

The ranking of synchrony scores in blood sampled ewes from the lowest (indicating 

the greatest degree of synchrony at mating) in NVR and PVR ewes, through to the 

highest (thus least degree of synchrony at mating) within the SVR ewes, is in 

accordance with the observed distribution of mating of all ewes within the treatment 

groups (Figure 4.12). The absence of any difference in the synchrony score of PVR 

and NVR ewes, in contrast to the visible difference in the distributions of mating, is 

due to the different median times of mating rather than differences in the actual 

distribution of mating. This is clearly illustrated by the progressive deviation in the 

pattern of raddle mark data of PVR and NVR ewes over the three cycles prior to 

mating (Figure 4.2). Furthermore closer examination of the cumulative distribution of 

raddle mark data of NVR ewes shows a progressive shift in the location of the slope 

rather than a steepening of the slope over the three 17 day periods prior to mating and 

after entire ram introduction for mating (Figure 4.3). In contrast there is little variation 

in the location or slope of the cumulative distribution of raddle mark data over the 

three cycles prior to mating and at mating within the PVR ewes (Figure 4.4). This is 

further supported by the shorter time interval from vasectomised ram introduction to 

raddle marking in NVR ewes after the third ram exposure period (Figure 4.5; P<0.05) 

but not the after frrst and second ram exposure period. This observation supports the 

above evidence that the divergence in the median time of mating between the two 

groups that developed over time (Figure 4.5). 

Figure 4.6 shows the mean progesterone profiles for the blood-sampled subset ofPVR 

and NVR ewes; all of which had three oestrous cycles prior to mating. Figures 4.7-4.8 

illustrate the profiles for SVR and RVR ewes having three and two oestrous cycles 

prior to mating. However there was no significant difference between treatments in 

median cycle length or the variance around median cycle length over cycles A, B or C 
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prior to mating (Table 4.1; P>O.1 Figures 4.9-4.11). However I propose that the twice 

weekly sampling regime was not sufficient to detect the subtle changes in oestrous 

cycle length that are likely to be responsible for the shift in the median time of mating 

between the NVR and PVR ewes. 

Ewes maintained in continuous presence of the vasectomised rams (PVR and NVR) 

had higher maximum progesterone concentrations than ewes exposed intermittently to 

rams (SVR and RVR; P<O.OOI, Figures 4.9-4.11). There was an overall effect of time 

on the maximum progesterone concentrations during the oestrous cycle that increased 

significantly over the three cycles prior to mating (P<0.05, Figures 4.9-4.11). Though 

there was no interaction between treatment and cycle relative to the onset of the 

breeding season, NVR ewes had a significantly greater maximum concentration 

during cycle B (2nd cycle prior to mating) than during the cycle C (3rd cycle prior to 

mating; 4.10 ± 0.18 versus 4.65 ± 0.20; P<O.05). Within the PVR ewes there was no 

significant increase in maximum progesterone concentrations over the three cycles 

prior to mating (4.12 ± 0.20 versus 4.37 ± 0.23; P>O.I). A similar analysis could not 

be conducted on the maximum progesterone data for the SVR and RVR ewes for 

reasons outlined in section 4.3.4.1. 
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Table 4.1. Effect of different duration and frequency of exposure to vasectomised 

rams on the time the onset of the flrst dioestrous of the breeding season, time of 

mating and oestrous cycle characteristics (blood sampled ewes only). Within rows, 

significant differences are indicated by different superscripts (P<O.05). 

SVR RVR PVR NVR 

Number of ewes 20 20 19 21 

Cyclic onset 

Median days from date of 

first ram exposure to cyclic 15.00ac 22.00a 10.00bc 10.00bd 

onset (8.0-33.0) (15.0-29.0) (10.0-13.0) (10.0-11.5) 

(Interquartile range) 26th September 3rd October 22nd September 22nd September 

Corresponding date 

Oestrous cycle length over the three cycles prior to mating 

Median cycle length (C) 

Three cycles prior to mating 17.0 18.0 17.0 17.0 

(Interquartile range) (14-17) (14.0-21.0) (17.0 - 21.0) (14.0-17.0) 

Only ewes having three 

oestrous cycles prior to (n=8) (n=5) (n=19) (n=21) 

mating 

Median cycle length (B) 

Penultimate cycle prior to 17.0 17.0 18.0 18.0 

mating (15.5 - 18.0) (14.0 -18.0) (14.0- 18.0) (14.0-18.0) 

(Interquartile range) Ewes 

having two or three oestrous (n=17) (n=18) (n=19) (n=21) 

cycles prior to mating 

Median cycle length (C) 
16.14 

Cycle prior to mating 
16.06 16.22 16.52 

(Interquartile range) 
(15.1-18.1) (15.1-18.1) (14.7 -17.5) (14.5-17.5) 

Adjusted raddle mark data 

AU ewes 
(n=20) (n=20) (n=19) (n=21) 
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Figure 4.2 Distribution of raddle mark data as a percentage of ewes marked over each 

l7-day period of permanent ram exposed (PVR, grey square) or novel ram exposed 

ewes (NVR, black square). Raddle mark data was collected twice weekly during the 

pre-mating period and daily during the mating period. Therefore the mating data was 

adjusted to every 3 to 4 days to mimic the frequency of recording during the pre

mating period. 
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Figure 4.3 Cumulative distribution of raddle mark data for novel ram-exposed ewes 

over the three oestrous cycles prior to mating (Cycle C; closed diamond, n=3; Cycle B: 

closed square, n=95; Cycle A: closed triangle, n=llO) and at mating (dash, n=1l3). 

Raddled vasectomised rams were introduced on Day 0 and novel rams replaced the 

existing rams on Days 17 and 34, harnessed with a different raddle colour. Entire 

rams were introduced on Day 50 and raddle mark data from mating is summarised as 

the number of ewes mated every 3 / 4 days to mimic the pattern obtained by the twice 

weekly raddle mark checks during the pre-mating period. 
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Figure 4.4 Cumulative distribution of raddle mark data for permanently ram exposed 

ewes over the three oestrous cycles prior to mating (Cycle 1; open diamond, n=3; 

Cycle 2: open square, n=93; Cycle 3: open triangle, n= lOO) and at mating (dash, 

n=104). Raddled vasectomised rams were introduced on Day 0 and raddle colour was 

changed on Days 17 and 34 and these rams remained with the ewes until mating. 

Entire rams were introduced on Day 50 and raddle mark data from mating is 

summarised as the number of ewes mated every 3 / 4 days to mimic the pattern 

obtained by the twice weekly raddle mark checks during the pre-mating period. 
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Figure 4.5 Histogram illustrating the mean number of days from the date of raddle 

colour change (PVR) or novel ram introduction (NVR) to the subsequent date of 

marking within permanent ram-exposed ewes (PVR, grey solid bars; n=95) and novel 

ram-exposed (NVR, black hatched bars; n=93). Ewes included in this histogram and 

data analysis were marked twice prior to mating and at mating. Due to the abnormal 

distribution of the data, the number of days from ram introduction to subsequent 

marking by the vasectomised rams or entire rams at mating were compared within 

treatment by the Wilcoxon Signed Rank test and between treatment by Mann Whitney 

U test. Within PVR ewes there was a significant depression in the days from ram 

introduction to raddle marking between periods 2 and 3 (P<O.05) and between period 

3 and mating (P<O.OOl). Within NVR ewes there was similarly a significant 

depression in between periods 2 and 3 (P<O.OOl) and between period 3 and mating 

(P<O.05). The number of days from ram introduction to raddle marking in NVR ewes 

was significantly less than in PVR ewes in ram exposure period 3 (P<O.05) and at 

mating (P<O.Ol) but not after ram exposure period 2 (P>O.05). 
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Figure 4.6 Mean (±sem) progesterone concentrations of ewes having three cycles 

prior to mating which were either permanently exposed to the same vasectomised 

rams over the pre-mating period (PVR, grey square; n= 19) or maintained with 

vasectomised rams with novel rams introduced every 17 days (NVR, black diamond; 

n= 21). Blood samples were taken twice weekly from Days - 15 to Day 50 of the 

experiment relative to the day of vasectomised ram introduction (Day 0). 
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Figure 4.7 Mean (±sem) progesterone concentrations of ewes having three cycles 

prior to mating that underwent a single 24 hour ram exposure period (SVR, grey open 

squares, n=8) or were repeatedly exposed to vasectomised ram on Days 0, 17 and 34 

of the experiment (RVR, black open diamond, n=5). Blood samples were taken twice 

weekly from Day - 13 to Day 50 of the experiment relative to the day of the fITst 

vasectomised ram exposure (Day 0). 
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Figure 4.8 Mean (±sem) progesterone concentrations of ewes having two cycles prior 

to mating which underwent a single 24 hour ram exposure period (SVR, grey open 

squares, n=9) or were repeatedly exposed to vasectomised rams at on Days 0, 17 and 

34 of the experiment (RVR, black open diamonds, n=13). Blood samples were taken 

twice weekly from Days - 13 to Day 50 of the experiment relative to the day of ram 

introduction (Day 0). 

85 



6 ~------------------------------------. -E 5 +-------------------i -Q) 0) 

g .s 4 -l--------~------------___\ 
~ C 
Q) 0 
~; 3 -1--------~.~---~~~---------~ 
Q) C'3 0)= 
o c: 2 
~ Q) 
0.. (,) 

c: 1 +-------------------o 
(,) 

o 
1 2 3 4 5 

Samples after onset of dioestrus 

6 

- .... - SVR 

- ~ -RVR 

--t PVR 

• NVR 

Figure 4.9 Profile of the mean (:t: sem) concentrations of progesterone during the 

oestrous cycle, three cycles prior to mating (Cycle C) within the SVR (grey open 

square; n=8), RVR (black open diamond; n=5), PVR (grey closed square; n=19) and 

NVR (black closed diamond; n=21) ewes having three oestrous cycles prior to mating. 

The two groups continuously exposed to rams (PVR and NVR) have comparatively 

similar progesterone profiles when normalised to the onset of dioestrus with no 

significant difference in the maximum level of progesterone (P>O.1). Similarly ewes 

isolated from the ram stimulus after a 24 hour ram exposure (RVR and SVR) have 

similar patterns of progesterone concentrations over the cycle but have markedly 

different progesterone profiles from the continuous ram exposed ewes and a 

significantly lower maximum level of progesterone than PVR and NVR ewes 

(P<O.Ol). 
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Figure 4.10 Profile of the mean (± sem) concentrations of progesterone during the 

penultimate oestrous cycle prior to mating (Cycle B) within SVR (grey open square; 

n=17), RVR (black open diamond; n=18), PVR (grey closed square; n=19) and NVR 

(black closed diamond; n=21) having at least two oestrous cycles prior to mating. 

There was no significant difference between NVR and PVR ewes in the maximum 

concentration of progesterone (P>O.l). SVR and RVR ewes again had significantly 

lower maximum progesterone concentrations than PVR (SVR; P<0.05, RVR; P<O.Ol) 

and NVR ewes (SVR; P<O.Ol, RVR; P<O.OOl) however there continued to be no 

difference between SVR and RVR ewes in the maximum concentration of 

progesterone over the cycle (P>O.l). 
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Figure 4.11 Mean (± sem) distribution of the oestrous cycle immediately prior to 

mating (Cycle A) within all SVR (grey open square; n=20), RVR (black open square; 

n=20), PVR (grey closed square; n= 19) and NVR (black closed square; n=21) ewes. 

There was no significant difference between NVR, PVR and SVR ewes in the 

maximum concentration of progesterone (P>O.I). However RVR ewes had a 

significantly lower maximum concentration of progesterone than NVR ewes (P<O.O 1). 
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4.4.2 MATING AND LAMBING DATA (TABLE 4.2) 

The median time of mating occurred earlier in NVR and SVR ewes though this 

difference was only significant when the median time of mating of NVR and PVR 

ewes was compared (Table 4.2; P<O.OI). Significantly more SVR and RVR ewes 

were mated on Day 1 after entire ram introduction (Table 4.2; P<0.05) however this 

was not sustained after Day 1. In terms of the spread of mating shown in Figure 4.12 

the distributions of mating of the four groups were significantly different (Levene's 

test; P<O.OI). When considered individually, NVR and PVR ewes had significantly 

less variance around the median time of mating than SVR ewes (P<O.OOl), indicating 

a significant compaction and greater synchrony of the mating period within the NVR 

and PVR ewes. Furthermore both PVR and NVR ewes tended to have less variance 

around the median time of mating than RVR ewes (P<O.I) again indicating improved 

synchrony of mating. However there was no difference between PVR and NVR ewes 

or between SVR and RVR ewes in the variance around the median time of mating. 

This suggests that the distributions of the treatments within the intermittent (SVR 

versus RVR) and continuous ram exposed ewes (PVR versus NVR ewes) were 

relatively comparable and that the visual differences in the cumulative distributions of 

mating (Figure 4.12) were predominantly driven an earlier median time of mating 

within the SVR and NVR ewes. 

Within those ewes lambing to first service, NVR, SVR and PVR ewes all had a 

significantly earlier median date of lambing than RVR ewes (P<O.OI). The spread of 

lambing was significantly different when all groups were considered as illustrated in 

Figure 4.13 (Levene's test; P<O.OI). When considering the distribution of the lambing 

period, NVR and PVR ewes had significantly less variance around the median time of 

lambing than both SVR and RVR ewes (P<0.05) indicating that the synchrony 

observed at mating continued through to lambing. However in contrast to at mating, 

NVR ewes had significantly less variance around the median time of lambing than 

PVR ewes (P<0.05) however there remained no significant difference between RVR 

and SVR ewes. 

RVR ewes had a lower mean litter size than SVR, PVR and NVR ewes (1.75 versus 

2.05, 1.92, 1.90; RVR, SVR, PVR and NVR ewes respectively). A chi square test 

showed that this was due to more RVR ewes having single lambs (Table 4.2; P<0.05). 
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Figure 4.14 shows the litter size relative to the distribution of mating of ewes that 

lambed to the first service. 

There was no significant difference between treatment groups in the numbers of ewes 

lambing to subsequent services or that were barren, culled or died during the 

experiment (Table 4.2). 
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Table 4.2 Effect of different duration and frequency of exposure to vasectomised 

rams on the time and distribution of mating (days after ram introduction), lambing 

(days after the onset of lambing within each group) and fertility. Within rows, 

significant differences are indicated by different superscripts (At least P<O.05). 

SVR RVR PVR NVR 
Number of ewes 109 113 104 113 

Median time from entire ram 5.0ab 6.0 ab 6.0b 5.0a 
introduction to mating (2-8) (3-7) (4.8-7.3) (3-7) 

Days 
(lnterQuartile range) 

Total numbers of ewes bred by: 
(%) 

Day 1 23a 24a lOb lIb 
(21) (21) (10) (10) 

Day 7 79 85 78 98 
(72) (75) (75) (87) 

Day 14 108 110 103 110 
(99) (97) (99) (97) 

Day 17 109 113 104 113 
(100) (100) (100) (100) 

Within ewes lambing to first service: 96 100 92 97 
(%)" (88) (88) (88) (86) 

Median number of days from ram 151a 154b 152a 151a 
introduction to lambing (148-154) (150.8 - 156) (151-154) (150-153) 

Days 
(lnterquartile range) 

Total number of ewes lambed by Day 
X after the onset of lambing of that 

group: 
(%) 

1 2 2 1 5 
(2) (2) (1) (5) 

7 26a 42b 22a 52b 
(27) (42) (24) (54) 

14 78 92 85 94 
(81) (92) (92) (97) 

17 91 98 90 97 
(95) (98) (98) (100) 

21 96 100 92 97 
(100) (100) (100) (100) 

Ewes lambing to first service having: 
(%) 

1 lamb lla 26b 14ab 19ab 
(11) (26) (15) (20) 

2 lambs 69 69 71 68 
(72) (69) (77) (70) 

> 2 lambs 16a 4b 7ab 9ab 
(17) (4) (7) (9) 

Mean litter size (:t: sem) 2.05:t: 0.05 1.75 :t: 0.05 1.93:t: 0.05 1.90 :t: 0.05 
Ewes lambing to subsequent services 5 7 4 10 

(%) (5) (6) (4) (8) 
Ewes that were barren, aborted or died 8 6 8 6 

(%) (7) (5) (8) (5) 
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Figure 4.12 Cumulative and daily percentage distributions of mating of novel ram 

exposed ewes (NVR, black diamond, solid line; n=113), permanent ram exposed ewes 

(PVR, grey square, solid line; n=104) repeated ram exposed (RVR, open black diamond, 

dashed line; n=113) and single ram exposed ewes (SVR, open grey square, dashed line; 

n=109). 
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Cumulative distribution of lambing 
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Figure 4.13 Cumulative and daily percentage distributions of lambing of novel ram 

exposed ewes novel ram exposed ewes (NVR, black diamond, solid line; n=97), 

permanent ram exposed ewes (PVR, grey square, solid line; n=92) repeated ram 

exposed (RVR, open black diamond, dashed line; n=100) and single ram exposed 

ewes (SVR, open grey square, dashed line; n=96). The onset of lambing in each group 

was 142, 146, 144 and 145 days after entire ram introduction for SVR, RVR, PVR 

and NVR ewes respectively. 
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Figure 4.14 Comparisons of litter size (bars) relative to the daily distribution of 

mating within those ewes that lambed to the first service (line) for novel ram exposed 

ewes novel ram exposed ewes (NVR; n=97), permanent ram exposed ewes (PVR; 

n=92) repeated ram exposed (RVR; n=100) and single ram exposed ewes (SVR; 
n=96). 
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4.5 DISCUSSION 

Ewes maintained in continuous presence of rams from the transition into the core of 

the breeding season had an earlier onset of cyclic activity and were mated over a more 

compact period than ewes exposed intermittently to rams. Continued ram presence is 

typically deemed necessary for maintenance of an LH response to the ram effect 

(Oldham and Pearce, 1983; Pearce and Oldham, 1984; Murtagh et al., 1984b). 

Therefore though within Chapter 3, I showed conclusively that a 24-hour ram 

exposure is effective in inducing ovulation in a proportion of ewes, this study shows a 

heightened response when ewes are maintained continuously with rams. This 

enhanced response to the ram is expressed in two ways; firstly by the greater number 

of ewes having three oestrous cycles prior to mating and secondly by the higher 

maximum concentrations of progesterone during the pre-mating period. 

The earlier median onset of cyclic activity in the continuously ram-exposed ewes was 

driven by a greater proportion of ewes having the onset of the first oestrous cycle of 

the breeding season within 17 days of vasectomised ram introduction. In contrast a 

markedly smaller proportion of the single and repeated ram exposed ewes showed a 

similar initiation of cyclic activity in this 17 -day period. The mule ewe is capable of 

responding to the ram effect during late anoestrus with an increase in LH 

concentrations (Stansfield et at 1987; AI-Mauly et al., 1991). Based on observations 

in anoestrous ewes, removal of the ram is likely to be associated with a rapid 

depletion in LH concentrations and a reversion to an anoestrous endocrine state 

(Signoret et al., 1982; Oldham and Pearce, 1983). However in this study ewes were 

introduced to rams during the transition into the breeding season where fluctuations in 

LH can be sufficient to induce the onset of the first oestrous cycle of the breeding 

season (Karsch et al., 1984). Therefore the repeated and single ram exposed ewes that 

did begin cyclic activity within one cycle length of the initial ram exposure period 

were likely to be close to the natural onset of cyclic activity. I propose that the short

term ram induced increase in LH was sufficient to stimulate the onset of the first 

oestrous cycle of the breeding season within a proportion of short-term ram exposed 

ewes, irrespective of the removal of the ram stimulus. In contrast the maintenance of 

ram presence in the continuously ram exposed ewes provided ewes with continuous 

stimuli to advance and compact the onset of cyclic activity. The concentration of 

behavioural oestrus in the continuously ram exposed ewes between 24 and 25 days 
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after initial vasectomised ram introduction (Figure 4.2) indicates a high occurrence of 

either short cycles (6-7 days; Martin et al., 1986) or delayed ovulation (Ungerfeld et 

a/., 2002). The occurrence of such phenomena is also likely in the repeated and single 

ram exposed ewes, however the removal of the ram may have resulted in a reversion 

to an anoestrous state until the natural onset of cyclic activity or the subsequent ram 

exposure period in the repeated ram exposed ewes. 

Continuously ram exposed ewes not only had a higher percentage of ewes having 

three oestrous cycles prior to mating but also comparatively higher maximum 

progesterone concentrations over the three oestrous cycles prior to mating. I have 

outlined the significance of continued ram presence in stimulating the onset of 

reproductive activity however I propose that it may also modulate progesterone 

production during the luteal phase. Gonadotrophic support during both the follicular 

phase and early luteal phase is critical to the subsequent lifespan and progesterone 

production of the corpus luteum (Review; Garverick et a/., 1992) and sustained ram 

presence is likely to have maintained the ram induced increase in LH concentrations 

(Martin et al. 1986). During the follicular phase, both FSH and LH are involved in the 

preparation of follicles for the process of luteinsiation (Garverick et al., 1992) and 

inadequate gonadotrophic support can restrict the capacity of these cells to secrete 

progesterone (Garverick and Smith, 1986). During the luteal phase, elimination of LH 

using a GnRH antagonist caused a depression in maximum progesterone production 

from the corpus luteum (Peters et a/., 1994). LH release during the early luteal phase 

is particularly critical and restriction resulted in formation of a corpus luteum with a 

normal lifespan but suppressed maximum progesterone concentrations (Peters et a/., 

1994). Therefore I hypothesise that the persistently enhanced progesterone production 

within ewes maintained continuously with rams was a consequence of enhanced luteal 

development and function. 

Ewes exposed to novel rams every 17 days were mated had a one-day advance in the 

median date of mating than ewes maintained permanently with the same rams. The 

percentage frequency of cyclic ewes marked by the vasectomised rams over pre

mating period indicates that the divergence between the permanent and novel ram 

exposed ewes occurred during cycle prior to mating and at mating. This evidence is 

supported by the significant depression in the number of days from the date of novel 
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ram introduction to the subsequent date of marking over time in the novel ram 

exposed ewes. It is of particular significance that this is also accompanied by a 

divergence in the median onset date of dioestrus. At the onset of the breeding season, 

the permanent and novel ram exposed ewes had the same median dioestrous onset 

date compared to at mating where the novel ram exposed ewes were mated 

significantly earlier (1 day) than the permanent ram exposed ewes. This concept of a 

shift in the location rather than the distribution of oestrus of the novel ram exposed 

ewes is also evident in the changes in the cumulative distribution of raddle mark data. 

I propose that the divergence between these continuously ram exposed ewes was due 

to the introduction of novel rams every 17 days. I hypothesise that the absence of any 

significant differences in cycle length between the blood-sampled subsets of ewes is 

in part a reflection of the twice-weekly blood-sampling regime. The development of a 

one-day advance in the median dioestrous onset date over a 50-day period would 

require daily blood samples to detect the subtle and progressive changes in dioestrous 

onset indicated by the raddle mark data. 

I hypothesised that a single short term ram exposure period would be sufficient to 

affect the distribution of the onset of the breeding season and at mating. Furthermore I 

aimed to determine any benefit of the subsequent ram exposures in the repeated ram 

exposed ewes on the synchrony at mating. The distributions obtained from a single 

and repeated ram exposed ewes both show an initial peak of oestrus on Day 1 after 

entire ram introduction. However the repeated ram exposed ewes have a second 

distinct peak of oestrus at Days 5-7 after entire ram introduction compared to a more 

protracted distribution in the single ram exposed ewes. This divergence is shown 

statistically by the significant differences in their synchrony scores. The synchrony 

score determines the absolute difference in dioestrous onset dates between all ewes 

within a group. Therefore the protraction of mating within the single ram exposed 

ewes caused a higher synchrony score, indicating that the ewes were less synchronous 

at mating than the repeated ram exposed ewes. The concept of synchrony is difficult 

to define due to natural variation in cycle length and criticism of the methods used to 

measure synchrony (Schank, 2000; 2001). This controversy is evident in the absence 

of a significant difference in the median and variance around the median date of 

mating between the two groups of ewes. However I propose that the calculation and 

comparison of groups by synchrony score is a valid and relevant method of examining 
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the mating distribution as it considers both the shape and location and shows 

statistically the visual differences in the distributions of the groups at mating. 

The single ram exposed ewes had a peak of mating over the first 3-4 days after entire 

ram introduction. I propose that this early concentration of mating is a consequence of 

the large proportion (40%) of ewes ovulating in response to the first ram exposure 

period. The proportion of ewes ovulating after a 24-hour ram exposure is higher than 

that observed by Signoret et al., (19%; 1982) and in repeated ram exposed ewes both 

in this study (25%) and in Chapter 3 (21%). Though evidence of a female-to-female 

effect in sheep is divisive, studies that have indicated a female-to-female effect (Zarco 

et al., 1995) used a high percentage of oestrous females (50%) to anovular females. 

Therefore in the absence of subsequent ram exposures the ewes initially stimulated by 

the 24-hour ram exposure may have had a residual effect on the onset of cyclic 

activity in the remaining anovular ewes thus resulting in the concentration of mating 

within the first 3-4 days of entire ram introduction. 

Repeated ram exposed ewes had a significantly lower litter size than the single ram 

exposed ewes driven by proportionately more single and less multiple births. The two 

groups of ewes were maintained at the same location but on different pastures to 

maintain single ram exposed ewes in isolation from ram contact. Therefore I cannot 

discount the possibility of this being a reflection of differences in pre-mating nutrition, 

which is critical factor in determining ovulation rate (Review, Gunn, 1982). 

Furthermore the proportion of the repeated ram exposed ewes mated at the end of the 

mating period (14%) had predominantly single lambs. Semen quality has been shown 

to decline over time relative to the time of joining with ewes (Raadsma and Edey, 

1984). Therefore the presence of two peaks of activity followed by a residual number 

of ewes mated may have resulted in a dilution effect on the quality of the semen in the 

late-mated ewes. Semen quality is correlated with the number of lambs born per ewe 

(Hulet et al., 1965) therefore this could be the origin of the reduced litter size in these 

late mated ewes. However the observation that these ewes do not account for all the 

single births in addition to the observed trend towards a reduced litter size in ram 

exposed ewes in Chapter 3 indicates that this observation may have been due to an 

effect of the repeated ram exposures during the pre-mating period. 
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I propose two possible mechanisms that could have resulted in a ram-induced 

depression in litter size. Repeated ram exposed ewes had a distinct bimodal 

distribution of mating activity on Day I and Days 5-7 after entire ram introduction. 

The raddle mark data indicates that a proportion of ewes were in oestrus during the 

second and third ram exposure periods. Continuous ram presence during pro-oestrus 

and oestrus significantly advances the LH surge and ovulation (Lindsay et al., 1975). 

Therefore as the period available for folliculogenesis is a critical determinant of 

ovulation rate (Scaramuzzi et al., 1993) the introduction of entire rams and associated 

LH response may have stimulated the LH surge at a time when a limited number of 

follicles were developmentally capable of responding. I propose that the absence of a 

depression in litter size in the large proportion of single ram exposed ewes mated at 

this time is a consequence of a cumulative effect of the repeated ram exposures during 

the pre-mating period on ewes in or approaching oestrus at the time of ram exposure. 

Ewes mated during the second peak of oestrous activity would have been in their 

luteal phase when entire rams were introduced. Evans et al., (2004) and Hawken et al., 

(2005) showed that ram exposure towards the end of artificial progestagen treatment 

was associated with an earlier oestrus and ovulation and a significantly lower litter 

size. This reduced litter size was due to a depression in ovulation rate that was driven 

by proportionately more single ovulations in the ram-exposed ewes (Hawken et ai., 

2005). Similarly in this study the lower litter size in the repeated ram exposed ewes 

was driven by these ewes having more single lambs than the single ram exposed ewes. 

Ewes mated at the second peak of mating had a numerically lower mean litter size 

specifically when compared to single ram exposed ewes mated at the same time 

relative to entire ram introduction. It is interesting to note that though the novel and 

permanent ram exposed ewes did not have a significant depression in litter size 

compared to single ram exposed ewes they also exhibit a comparatively low litter size 

at this second peak of mating activity. 

In summary, continuous exposure of ewes to rams during the transition into the 

breeding season stimulates the onset of cyclic activity in a greater proportion of ewes 

and yields a more compact distribution of mating when compared to ewes exposed 

intermittently to rams. Within the permanently ram exposed ewes, periodic 

introduction of novel rams caused a movement in the location but not distribution of 

99 



the oestrous activity however the mechanism driving this difference is not clear. A 

single ram exposure period is sufficient to affect the timing and distribution of the 

onset of cyclic activity within a proportion of ewes. The variation in the patterns of 

mating observed in this study infers the potential for tailoring the pattern of mating 

towards the most desirable distribution of lambing for an individual farmer. 
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6. INVESTIGATION INTO THE EFFECT OF RAM INTRODUCTION 

DURING THE BREEDING SEASON ON THE ENDOCRINE 

RESPONSES OF RANDOMLY CYCLING MAIDEN EWES WITH OR 

WITHOUT PRIOR EXPERIENCE WITH THE RAM DURING 

ANOESTRUS. 

6.1 ABSTRACT 

The ram effect is not limited to the anoestrous period and the absence of a significant 

effect of prior experience with the ram on the subsequent endocrine response observed 

in Chapter 5 may not be representative of maiden ewes introduced to the ram during 

the breeding season. Therefore a subset of the maiden ewes that were either 

preconditioned during anoestrus as outlined in Chapter 5 (RE; n=6) or isolated from 

ram contact (RN; n=6) were introduced to rams during the breeding season (October) 

midway through a frequent blood-sampling regime. Both RE and RNA ewes had a 

significant increase in mean (P<O.Ol) and basal (P<O.05) LH concentrations and an 

increase in LH pulse frequency (RE, P<O.05; RN, P<O.1) in response to ram 

introduction, however there was no effect on LH pulse amplitude. There was no 

significant effect of prior experience with the ram on any parameters of the LH 

response. Therefore data was pooled and regrouped according to stage of the oestrous 

cycle at the time of ram introduction. The presence of only one ewe in the follicular 

and mid luteal phase prevented analysis of ewes in their early or late luteal phase. 

Ewes in the early (EL) and late luteal (LL) phase responded to ram introduction with 

an increase in mean (EL, P<O.l; LL, P<O.Ol) and basal (EL, P<O.05; LL, P<O.05) LH 

concentrations and LH pulse frequency (EL, P<O.l; LL, P<O.05) however there was no 

effect on LH pulse amplitude. The capacity of ewes irrespective of stage of the 

oestrous cycle to respond to ram introduction with a characteristic LH response 

reiterates the potency of socio-sexual cues of the ram in mediating physiological 

changes in the reproductive activity of the ewe. 
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6.2 INTRODUCTION 

The ability of the ram to stimulate LH secretion (Pearce and Oldham, 1983) and 

influence the reproductive state of ewes is not restricted to the anoestrous period 

(Lindsay et al., 1975). Ram introduction to ewes whilst under the influence of an 

artificial progestagen induces an increase in LH concentrations in ewes treated with the 

progestagen during both anoestrus (Martin et al., 1983b) and the breeding season 

(Pearce and Oldham 1983, Evans et al., 2004). Similarly the continuous presence of 

rams during an artificially induced or natural follicular phase advanced the onset and 

reduced the duration of oestrus (natural; Parsons and Hunter, 1967; Fletcher and 

Lindsay, 1971, artificial; Maxwell, 1986; Romano et al., 2000; 2001). 

Therefore it is apparent that modification of the balance of gonadotrophin secretion 

during the different stages of the oestrous cycle within artificially synchronised ewes 

can have residual effects on follicle development and the subsequent sequence of 

endocrine events. This raises the question as to what effect ram introduction may have 

at differing stages of a naturally occurring oestrous cycle? Chapter 5 showed a 

significant effect of prior experience with the ram during anoestrus on the behavioural 

interactions between the ewes and rams however there was no significant effect on the 

endocrine response to ram introduction. However when introduced to rams at a 

synchronised oestrus, Gelez et al., (2004a) identified a shorter duration of the LH surge 

in young sexually naIve maiden ewes compared to sexually experienced adult ewes. 

Consequently there may be a differential effect of prior experience with the ram on the 

LH response in maiden ewes when introduced to rams during the breeding season that 

is no evident during anoestrus. 

Therefore the aim of this experiment was to investigate the endocrine response of 

cyclic maiden ewes to ram introduction at different stages of the oestrous cycle and 

any interaction with prior experience with the ram during anoestrus. Specifically I will 

look at the differences in LH pulsatility, pulse amplitude, circulating and basal 

concentrations of LH in response to ram introduction and the number and timing of 

ewes having an LH surge. I also aim to detect, where possible, any effects of ram 

introduction on oestrous cycle length before, during and after ram introduction. 
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6.3 MATERIALS AND METHODS 

6.3.1 ANIMALS AND EXPERIMENTAL PROCEDURES 

A subset of the ram experienced and ram naIve maiden mule (Swaledale x 

BluefacediBorder Leicester) ewes from Chapter 5 were drafted off prior to ram 

introduction to the main group of ram experienced and ram na'ive ewes in Experiment 

1 of Chapter 5. This subset of ewes (ram experienced, RE: n=6; ram naIve RN: n=6) 

were housed in mixed groups of 3 ewes per pen (2m x 1.8m) and maintained under an 

artificially controlled natural lighting regimen. As in Chapter 5, vasectomised rams 

were used throughout this experiment but will be referred to as rams for the purpose of 

simplicity. 

~ Isolated 

~'------' 

July August September October 

6REB 
6RNB 

Cyclic ewes introduced 
to rams (16th October) 
Intensive blood sampling 

Figure 6.1 On Day 0 of the experiment (l6th October), rams (n=4) were introduced 

midway through the serial bleed procedure (1pm) outlined below and remained with 

the ewes for the remaining duration of the experiment. 

6.3.2 CANNULATION PROCEDURE AND BLOOD PROCESSING 

The cannulation procedure, maintenance of the cannulae and processing of the blood 

samples were carried out as in Chapter 5.3.4.2 and 5.3.5 respectively. 

6.3.3 BLOOD COLLECTION 

On the day of ram introduction (Day 0), frequent blood samples (Sml) were collected 

via a jugular cannula, every 12 minutes during the 6 hours before and 6 hours after ram 

introduction. On Day 1 after ram introduction, blood samples were taken every 2 hours 

126 



via the jugular cannula from 19 to 43 hours after initial ram introduction to attempt to 

detect the LH surge. 

Blood samples (5ml) were collected by jugular venepuncture (Vacutainer, Becton

Dickinson Limited, Coventry) or via the cannula for progesterone in order to establish 

that the ewes were cyclic prior to ram introduction, to determine their stage of cycle at 

ram introduction and to monitor their subsequent progesterone profile. As in Chapter 5, 

blood samples were taken twice weekly for 2 weeks prior to ram introduction with the 

frequency increased to daily during Days 3 to 6 after ram introduction. On Day 6 the 

cannulae were removed and the frequency of samples rescheduled to twice weekly via 

jugular venepuncture for three weeks after ram introduction. 

6.3.4 IMMUNOASSAY 

Plasma progesterone concentrations were analysed in duplicate using a commercial 

enzyme linked immunoassay (ELISA) kit (Ridgeway Science Ltd, Gloucester, UK) as 

outlined in Chapter 3.3.4. Mean intra-assay and inter-assay coefficients of variation for 

low (1. 85ng/ml), medium (3.02nglml) and high (7.43ng/ml) plasma samples were 

7.6% and 11.4%,2.7% and 10.5% and 7.4 and 8.0% respectively. The sensitivity of the 

assay was 0.23nglml. 

Serum LH concentrations were determined usmg a previously validated double 

antibody radioimmunoassay as outlined in Chapter 5.3.6. Mean intra-assay and inter

assay coefficients of variation for low (0.28nglml), medium (1.53ng/rnl) and high 

(3.47ng/ml) plasma samples were 7.1% and 16.2%, 7.8% and 8.2% and 8.4% and 

18.6% respectively. The sensitivity of the assay was O.lng/ml. 

6.3.5 DATA ANALYSIS 

Blood samples collected during the two weeks prior to ram introduction were used to 

formulate a progesterone profile for each ewe. The stage of oestrous cycle at ram 

introduction was determined from the progesterone concentration at the beginning of 

the serial bleed on the day of ram introduction. A sample from each ewe taken at the 

end of the serial sampling period was also analysed to determine progesterone 

concentrations after ram introduction. Using the progesterone profiles, oestrous cycle 

127 



length was calculated as the number of days between the nadir points of two successive 

oestrous cycles. 

Serum LH concentrations were plotted out for individual ewes over the duration of the 

12 hour blood sampling period. As the secretion of LH was pulsatile, the frequency of 

pulses was analysed using the Munro algorithm, which is a modified version of the 

Pulsar algorithm (Wachter and Merriam, 1982). The parameters for the Munro analysis 

were the same as those outlined in Chapter 5.3.7. The programme calculated the nadir 

and amplitude for each pulse and the mean nadir and pulse amplitude. 

Data for LH pulse frequency, LH pulse amplitude, circulating and basal LH 

concentrations before and after ram introduction were subject to repeated measures 

ANOV A in Genstat 5 (for Windows Second Edition) primarily to assess the effects of 

ram experience, time relative to ram introduction (before or after) and any time/ram 

experience interactions. Basal and circulating LH concentrations required log 10 

transformation prior to analysis due to the data being skewed. On account of the 

confounding factor of stage of oestrous cycle on the capacity of a ewe to have an LH 

surge this aspect of LH secretion was not considered relative to prior experience with 

the ram. 

Due to the absence of an effect of ram experience on any parameters of the LH 

response to ram introduction, data for ram experienced and ram nai've ewes were 

pooled and ewes re-categorized by stage of oestrous cycle using their progesterone 

profiles. The LH data (transformed where necessary) and progesterone data before and 

after ram introduction were analysed by repeated measures ANOV A to assess the 

effects of stage of oestrous cycle, time relative to ram introduction and any time/ stage 

interactions. Where a significant effect of ram introduction was detected, data before 

and after ram introduction was compared by Paired T -test (Minitab, 13.1) 

The numbers of ewes detected with an LH surge within the sampling period were 

recorded for each stage of the oestrous cycle. Occurrence of an LH was determined as 

outlined in Chapter 5.3.7. The latency to the LH surge, and duration of the surge were 

recorded where possible. 
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6.4 RESULTS 

All ewes were confirmed as actively cycling (from their progesterone profiles) on the 

date rams were introduced during the breeding season. Ram introduction caused a 

significant increase in mean and basal LH concentrations and LH pulse frequency in all 

ewes, however there was no significant effect on LH pulse amplitude (Table 6.1). 

There was no significant effect of prior experience with the ram during anoestrus on 

the endocrine response to ram introduction during the breeding season (mean and basal 

LH concentrations, LH pulse frequency or LH pulse amplitude, P>O.I; Table 6.1). 

In the absence of a significant effect of prior experience with the ram, data for ram 

naIve and experienced ewes were pooled and ewes were re-classified by their stage of 

oestrous cycle at the time of ram introduction (based on their progesterone profiles). 

One ewe was classified as in the follicular phase, three ewes in the early luteal phase, 

one ewe in the mid-luteal phase and six ewes in the late luteal phase. One ewe was on 

the down slope of the LH surge at the beginning of the frequent sampling period thus 

was excluded from analysis however the profile for this ewe is presented in Figure 6.6 

Due to there being only one representative ewe in the follicular phase and mid luteal 

phase, statistical analysis was conducted only on ewes in their early or late luteal 

phase. There was no significant effect of stage of the luteal phase on the endocrine 

response to ram introduction (Table 6.2; P>O.l). 

Ewes classed (based on their progesterone profiles) as in their early luteal phase on the 

day of ram introduction (n=3) showed a significant increase in basal LH concentrations 

(P<O.OS) and tended to show an increase in mean LH concentrations (Table 6.2; 

P<O.1). After ram introduction there was a numerical increase in the number of LH 

pulses over the 6-hour sampling period however this again only tended towards 

significance (Table 6.2; P~O.l). Furthermore there was no effect of ram introduction on 

LH pulse amplitude (Table 6.2) 

Ewes classed as in their late luteal phase on the day of ram introduction (n=6) showed 

a significant increase in basal and mean concentrations of LH (P<O.01 and P<O.05 

respectively) and the number of LH pulses in the 6-hour sampling period after ram 

introduction (P<O.05; Table 6.2). However there was no significant effect of ram 

introduction on LH pulse amplitude (P>O.l). During the period before and after ram 
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introduction there was a significant decrease in mean concentrations of progesterone 

(Table 6.2; P<0.05). 

Only ewes classed as in their follicular phase or late luteal phase at the time of ram 

introduction had an LH surge during the blood-sampling period between 19 and 43 

hours after ram introduction (follicular phase, 111; luteal phase, 4/6). In the ewes in 

their late luteal phase, the average latency to the LH surge was 34.3 ± 4.8 hours after 

ram introduction (excluding one ewe where the surge began before the sampling 

period). The ewe in the follicular phase on the day of ram introduction had the onset of 

the LH surge prior to the sampling period and LH concentrations returned to basal 

values at 33 hours after ram introduction. It was not appropriate to determine the 

maximum concentration of the LH surge, as it was impossible to determine the 

concentration within those ewes having the peak of the LH surge outside of the 

sampling period. Only one ewe had the onset and end of the LH surge within the 

sampling period thus preventing any analysis of LH surge duration relative to the LH 

response parameters. 

Within ewes in their late luteal phase on the day of ram introduction (n=6) the oestrous 

cycle following ram introduction tended to be shorter in length than the oestrous cycle 

during which rams were introduced (Figure 6.7; PsO.I). A similar analysis was not 

possible with ewes in the early luteal phase (n=3) due to the lack of a nadir point for 

the cycle prior to and after ram introduction. However within these ewes mean cycle 

length of the cycle when rams were introduced was 17.67 ± 0.67 days and the mean 

distribution of cycles is shown in Figure 6.8 

The ewe in the follicular phase at the time of ram introduction (n=l) had a decrease in 

cycle length during the cycle after rams were introduced (13 versus 19 days). The 

profile for the ewe in the mid luteal phase at the time of ram introduction (n=l) showed 

that the cycle length of the cycle when rams were introduced was shorter than that of 

the subsequent oestrous cycle (15 versus 17 days). 

Progesterone profiles of oestrous cycles before and after ram introduction categorized 

by stage of oestrous cycle and relative to their LH response, are presented for 

individual ewes in Figures 6.2-6.6. 
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Table 6.1 Luteinising hormone characteristics of ram naive (RN) and ram experienced 

(RE) cyclic maiden ewes before and after ram introduction during the breeding season. 

One RE ewe was excluded from analysis as was on the down slope of an LH surge at 

the onset of the frequent blood-sampling period. Values are presented as mean ± 

S.E.M. Values differ from before ram introduction within the treatment group; $ 

P<O.l; *P<O.05; **P<O.OI; ***P<O.OOI. 

RN RE 

Number of ewes 6 5 

LH parameters before and after ram introduction 

Mean LH concentration Before rams 0.31± 0.05 0.30± 0.06 

(ng/ml) After rams 0.77± 0.09** 1.00 ± 0.08** 

Mean number of LH pulses in 6 Before rams 1.60± 0.40 1.33 ± 0.67 

hours After rams 
3.80± 0.67$ 3.33 ± 0.37* 

Mean LH pulse amplitude Before rams 0.74± 0.34 0.41± 0.16 

(ng/ml) After rams 0.48± 15 0.83±0.27 

Mean basal concentration of LH Before rams 0.14± 0.01 0.17± 0.05 

(ng/ml) After rams 
0.47± 0.12* 0.77± 0.25* 
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Table 6.2. Changes in LH concentrations and the number and amplitude of pulses of 

LH during the 6-hour period before and after ram introduction. Values for ewes in 

their follicular and mid luteal phase are included however no statistical analysis could 

be carried out due to only one ewe being present per group. Data are presented as mean 

:t sem. Values differ from before ram introduction within stage of cycle $ P<O.I, 

*P<O.05, **P<O.Ol, ***P<O.OOI. 

Follicular Early luteal Mid luteal Late luteal 

Number of ewes 1 3 1 6 

LH parameters before and after ram introduction 

Mean LH Before rams 0.53 0.28 ± 0.10 0.16 0.31 ± 0.06 

concentration 
After rams 0.75 1.13 ± 0.42$ 0.70 0.83 ± 0.21 ** 

(ng/ml) 

Mean LH pulses per 4.00 1.67 ± 0.67 No pulses 1.17 ± 0.43 
Before rams 

6 hours (0.67) (0.28) (0) (0.20) 

Equivalent per hour 4.00 
After rams 

3.33 ± 0.67$ 3.00 3.67 ± 0.79* 

(0.67) (0.60) (0.50) (0.62) 

Mean LH pulse Before rams 0.64 0.53 ± 0.05 No pulses 0.69 ± 0.43 

amplitude (ng/ml) After rams 0.41 0.46 ± 0.20 1.94 0.61 ± 0.18 

Mean basal LH 
Before rams 0.33 0.17 ± 0.02 0.15 0.10 ± 0.03 

concentration 

(ng/ml) After rams 0.64 0.95 ± 0.37* 0.l9 0.56 ± 0.16* 
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Figure 6.2 Representative profile of a ewe (ewe 23) in the late luteal phase on the day 

of ram introduction. Ewe 23 responded to ram introduction with an increase in LH 

concentrations driven by a marked increase in LH pulse frequency. An LH surge was 

detected 37 hours after ram introduction but the duration could not be recorded, as the 

circulating concentrations of LH did not return to basal within the blood-sampling 

period (19-43 hours after ram introduction). 
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Figure 6.3 Representative profile of a ewe (ewe 19) in the early luteal phase on the day 

of ram introduction. Ewe 19 responded to ram introduction with an increase in LH 

concentrations however no LH surge was detected in the blood-sampling period 

between 19 and 43 hours after ram introduction. 
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Figure 6.4 Representative profile of a ewe (ewe 16) in the mid luteal phase on the day 

of ram introduction. Irrespective of the high circulating concentrations of progesterone 

it is apparent that ewe 16 still responded to ram introduction as shown above. As 

expected in a ewe at this stage of oestrous cycle, no LH surge was detected in the 

blood-sampling period 
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Figure 6.5 Representative profile of a ewe (ewe 18) in the follicular phase on the day 

of ram introduction. Ewe 18 responded to ram introduction with an apparent increase 

in LH pulse frequency. However the 12-minute sampling period was insufficient to 

detect definitive pulses due to the high pulse frequency observed in the follicular 

phase. The onset of the LH surge occurred prior to beginning of the sampling period 

and ended at 33 hours after ram introduction. 
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Figure 6.6 Representative profile of a ewe (ewe 21) that appears to be on the down 

slope of an LH surge on the day of ram introduction and was therefore excluded from 

the LH analysis. However this ewe is included here to note the marginal increase in 

basal concentrations ofLH after ram introduction as denoted by the arrow. 
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Figure 6.7 Cycle length, shape and distribution of the oestrous cycles of maiden ewes 

in their late luteal phase on the day of ram introduction (n=6). During the first oestrous 

cycle (solid line, closed diamond) ewes had a mean cycle length of 17.17 :t: 0.65 days 

and the date of ram introduction fell on Day 14 (n=5 ewes) or Day 17 (n=l ewe). The 

rams remained with the ewes for the duration of the second and into a third cycle. 

During the second oestrous cycle (dashed line, open diamond) ewes had a mean cycle 

length of 15.83 ± 0.54 days, however this reduction in cycle length only tended 

towards significance (PsO.l). 
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Figure 6.8. Mean distribution (± sem) of oestrous cycles of ewes in their early luteal 

phase on the day of ram introduction indicated by the arrow above (n=3). Cycle length 

of the cycle during ram introduction was 17.67 ± 0.67 days. Cycle length of the cycle 

before or after this cycle could not be calculated due to the absence of more than two 

successive a nadir reference points. 
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6.5 DISCUSSION 

Cyclic maiden ewes introduced to rams during the breeding season respond to ram 

introduction with an increase in LH concentrations that is independent of the stage of 

the oestrous cycle at the time of ram introduction. Prior experience with the ram does 

not appear to modulate any aspects of the endocrine response of cyclic maiden ewes to 

ram introduction during the breeding season. 

The absence of any effect of prior experience with the ram on the endocrine response 

of maiden ewes to ram introduction is in agreement with that observed during 

anoestrus in Chapter 5. I propose that the depression in fertility characteristic of 

maiden ewes first mated during the breeding season (Dyrmundsson, 1973) is most 

likely to be due to behavioural aspects of ram-ewe interactions as proposed by 

Rosciszewska, (1985) and Gelez et al., (2004a) rather than a deficiency in the 

endocrine response to the ram. 

The capacity of the ram to induce an increase in LH concentrations in ewes in both the 

early and late luteal phase is similar to that observed in ewes introduced to rams whilst 

under the influence of artificial progestagen (Martin et al., 1983; Pearce and Oldham, 

1983; Evans et al., 2004). The ram induced increase in LH pulse frequency, circulating 

and basal concentrations of LH within ewes in their late luteal phase concurs with 

observations of AI-Gubory (1998). Ewes introduced to rams on Day 10 after mating 

had a significant increase in LH pulse frequency (before rams; 1.4 ± 0.2 after rams; 2.8 

± 0.4 pulses per 4 hours) that is comparable to that observed in this study in non

pregnant ewes in their late luteal phase at the time of ram introduction (before rams; 

0.8 ± 0.3 to after rams; 2.5 ± 0.5 pulses per 4 hours). 

During the luteal phase of the oestrous cycle, LH release is constrained by a negative 

effect of progesterone and oestradiol on GnRH release from the hypothalamus (Karsch 

et al., 1977). The capacity of the ram to induce an increase in parameters of LH release 

during the luteal phase indicates an override or circumvention of the steroidgenic 

control of LH release. Previous studies have shown a critical role of opioids in 

mediating the steroidgenic inhibition of LH release (Brooks et al., 1986) through a 

direct effect on the GnRH pulse generator (van Vugt, 1985). Relative to the increase in 
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LH pulse frequency observed in this study, Stansfield et a/., (1987) identified a role of 

endogenous opioids in the successful stimulation of the ram effect in prepubertal ewe 

lambs. They proposed that the chemosignals from the ram induced an early depletion 

of the inhibitory control of the GnRH pulse generator permitting an LH response to 

ram introduction (Stansfield et a/., 1987). To our knowledge no further studies have 

investigated the role of opioids in mediation of the ram effect. However the 

observation that main olfactory bulb neurons connect with the preoptic and medial 

basal regions of the hypothalamus (Jansen et at., 1998) indicates the potential for a 

direct effect of the socio-sexual cues of the ram on GnRH release. Whisnant et ai., 

(1991) investigated the effects of antagonism of opioids during the luteal phase to 

determine the role of opioids in controlling the frequency and amplitude of GnRH 

release. Intrahypothalamic implantation of an endogenous opioid antagonist (WIN 

44,441-3) into the preoptic area and medial basal hypothalamus during the luteal phase 

caused an increase in GnRH pulse frequency, thus indicating a direct role of opioids in 

mediating the steroidgenic suppression of LH during this part of the oestrous cycle. 

Therefore I propose that the increase in LH pulse frequency after ram introduction in 

ewes in both their early and late luteal phase may be mediated through a direct action 

of socio-sexual cues from the ram on the opioid control of GnRH release. 

The observation in this study of a negligible effect of ram introduction on pulse 

amplitude whilst under the influence of endogenous progesterone is in agreement with 

that of AI-Gubory (1998) where there was no effect of ram introduction on LH pulse 

amplitude when rams were introduced to ewes 10 days post mating. However it is of 

interest to note that pulse amplitude in this study both before (0.69 ± 0.43nglml) and 

after ram introduction (0.61 ± 0.18 ng/ml) was markedly lower than that observed by 

AI-Gubory (1998; before rams; 1.63 ± 0.56, after rams; 1.55 ± 0.26). This may be due 

to differences in the stage of the luteal phase during ram introduction, plane of 

nutrition prior to ram introduction or a characteristic of pregnant ewes. 

Ewes in their late luteal phase showed a significant decline in progesterone 

concentrations between the beginning and end of the serial bleed period. This 

observation may be a reflection of the natural decline in LH during the late luteal 

phase. Luteolysis in naturally cycling ewes typically spans 2 to 3 days (Wiley et al., 
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1997) with an average daily decline in progesterone of approximately 1 ng/ml 

(Acritopoulou et al., 1977). The mean decline in progesterone concentrations over the 

12-hour sampling period in this study was 0.69 ± 0.21 ng/ml that is marginally above 

this estimate when considered over a 24 hour period. This observation in addition to 

the variation within ewes classified in their late luteal phase (minimum decline: 

0.25ng/ml; maximum decline: 1.64ng/ml over the 12 hour period) suggests the 

possibility of an enhanced rate of decline related to ram introduction. Recent in vitro 

work has shown an up-regulation in LH receptors in the porcine, bovine and ovine 

endometrium before and at the time of luteolysis (Review; Ziecek et al., 2004) 

followed by a down regulation after Day 16 of the oestrous cycle (Stepien et al., 1999). 

The authors proposed a luteolytic role of LH at the end of the oestrous cycle based on 

increased secretion of PGF2oc. in endometrial cells exposed in vitro to LH (Ziecek et aI., 

2004) and stimulated expression of the enzyme critical to prostaglandin production 

(COX-2; Stepien, 1999). Zarco et al., (1988) identified the time of the onset of an 

increase in PGF 20e pulse frequency to be the main determinants of cycle length in the 

ewe. Crucially in the porcine endometrium, Ziecek et al., (2001) identified a high level 

of agreement between LH and PGF 20e peaks (79.2%) thus suggesting that an increase in 

LH pulse frequency has the potential to directly affect the occurrence and frequency of 

endogenous PGF20e release (Ziecek et al., 2004). Therefore it is possible that an 

increase in mean and specifically pulsatile LH secretion induced by ram introduction 

during the late luteal phase may affect the rate of progesterone decline and time of 

luteolysis of the corpus luteum through a direct effect on PGF20e release. 

The absence of a significant effect of stage of the luteal phase at the time of ram 

introduction indicates that a similar endocrine response to ram introduction occurs 

irrespective of whether ewes are in their early or late luteal phase. However it is the 

subsequent physiological effect of the ram-induced increase in LH concentrations that 

may differ between these two phases of the oestrous cycle. Elevated concentration of 

LH during the early luteal phase is critical for the development of a competent CL and 

progesterone production from the small LH dependent luteal cells (Niswender et al., 

1994). Therefore as inadequate gonadotrophic support can be a causal factor in the 

development of short-lived corpora lutea (Review; Garverick et al., 1992), enhanced 

endogenous LH at this stage of oestrous cycle is likely to affect luteal development and 
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thus progesterone production. Therefore exposure of the developing corpus luteum to 

supplementary LH released in response to ram introduction may enhance the potential 

and actual progesterone production during the luteal phase of the oestrous cycle. 

Progesterone concentrations during the early luteal phase are a critical determinant of 

oestrous cycle length in the ewe (Nephew et al., 1991). Ewes with shorter length 

oestrous cycles (15.9 ± 0.1 versus 18.6 ± 0.4 days) have been found to have higher 

levels of progesterone secretion on Days 2, 3 and 4 of the oestrous cycles than ewes 

exhibiting long oestrous cycles. This suggests a causal relationship between 

progesterone release during this early phase and oestrous cycle length (Nephew et al., 

1991). 

In relation to ewes in their late luteal phase at the time of ram introduction, the 

physiological effects of elevated LH during declining concentrations of progesterone 

may to be similar to those seen in artificially synchronised ewes (Flynn et al., 2000; 

Evans et al., 2004; Hawken et al., 2005). Ram introduction towards the end of a 

progestagen protocol stimulates an increase in LH concentrations (Evans et al., 2004). 

The capacity of these increased LH concentrations to affect both follicle development 

and parameters of LH release after progestagen withdrawal have been shown by Evans 

et al., (2004) and Hawken et al., (2005). These results indicate the potential for the LH 

increase observed in this study to affect aspects of follicle development, ovulation rate 

and the timing of the LH surge and ovulation. Furthermore the ewe in the mid-luteal 

phase and thus under the influence of optimal progesterone concentrations (Figure 6.4) 

showed a numerical increase in LH concentrations, pulse frequency. pulse amplitude 

and basal concentration of LH thus emphasizing the potency of the ram stimulus in 

eliciting this type of response. The physiological relevance of increased LH at this 

stage of the oestrous cycle would require further investigation. 

In summary, maiden ewes with or without prior experience with the ram respond to 

ram introduction during the breeding season with an endocrine response that is 

independent of the stage of the oestrous cycle at the time of ram introduction. There is 

no significant effect of stage of the luteal phase on any parameters of the LH response 

and ewes under the influence of endogenous progesterone respond to ram introduction 

with an increase in LH pulse frequency, basal and mean concentrations of LH. The 

capacity of ewes, irrespective of stage of the oestrous cycle to respond to ram 
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introduction with an LH response reiterates the potency of the socio-sexual cues of ram 

in mediating physiological changes in the reproductive activity of the ewe. 
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7. INVESTIGATION INTO THE EFFECT OF RAM INTRODUCTION 

DURING THE LATE ANOESTRUS ON THE ENDOCRINE 

RESPONSES OF MAIDEN EWES WITH OR WITHOUT PRIOR 

EXPERIENCE OF THE RAM DURING THE PREVIOUS BREEDING 

SEASON 

7.1 ABSTRACT 

The pre-exposure period for ram experienced ewes in Chapters 5 and 6 was timed 

during anoestrus and was of insufficient duration for any ewes to be in oestrus during 

the period of ram presence. Based on the importance of mounting and intromission in 

the development of experience and proficiency of behavioural interactions, I propose 

that pre-exposure of maiden ewes to rams during the breeding season will be a more 

potent stimulus and modify the endocrine response of maiden ewes to rams. At the 

end of November maiden ewes were either kept with vasectomised rams for 1 month 

(MRB; ram experienced; n=lO) or isolated from ram contact (MCB; ram naive; 

n= 1 0). All ewes were subsequently maintained in isolation from ram contact. During 

late anoestrus (the following August) MRB (n=10) and MCB (n=10) ewes were 

introduced to rams midway through a frequent blood sampling regime. Both MRB 

and MCB ewes had a significant increase in mean and basal concentrations of LH and 

LH pulse frequency (P<O.OOI) however there was no significant effect on LH pulse 

amplitude. MCB ewes had significantly greater LH pulse frequency than MRB ewes 

both before (P<0.05) and after (P<O.Ol) ram introduction. There was no effect of prior 

experience of the ram on any other parameters of the LH response (P>O.I). 

Numerically more MCB ewes were detected with an LH surge between 18 and 42 

hours after ram introduction (P<O.l) and MCB ewes had a significantly earlier onset 

of the LH surge than MRB ewes. I propose that the endocrine response to the ram is 

not enhanced by prior exposure to the ram during the breeding season. 

146 



7.2 INTRODUCTION 

Rams detect ewes in heat by actively pursumg the ewes and investigating the 

anogenital region of the ewes (Kelley, 1937). The intensity of ram to ewe contact 

(driven by ram libido and the level of expression of sexual behavior) is known to 

affect the elicitation of the LH response in anoestrous ewes induced to ovulate with 

the ram effect (Perkins and Fitzgerald, 1994). Within Chapters 5 and 6, maiden ewes 

were classified as ram experienced after a seven-day preconditioning ram exposure 

period during mid anoestrus. However based on the length of this exposure period and 

the well established 18-25 day delay to behavioural oestrus in anoestrous ewes 

stimulated by the ram effect (Pearce and Oldham, 1984), no ewes would have been in 

oestrus during this preconditioning exposure period. Therefore this would have 

prevented the close investigation and mounting associated with ewe-ram contact when 

ewes are in oestrus. 

Exposure of rams to oestrous ewes causes an increase in mean LH and testosterone 

concentrations in rams (Gonzalez et a/., 1988) and improves the vigour and 

expression of sexual behavior of the ram (Rosa et al., 2000). Therefore the exposure 

of sexually naIve maiden ewes to vasectomised rams during the breeding season may 

be more likely to result in a greater potency of the ram stimulus relative to increased 

pheromone transmission, tactile contact and observations of sexual behaviour. 

Furthermore Gelez et al., (2004a) hypothesised that the levels of proceptivity and 

receptivity associated with the oestrous behaviour of an adult sexually experienced 

ewe develops over a number of mounting and intromission experiences. This theory is 

based on the absence of a specific pattern of dopamine and noradrenalin release in the 

medial basal hypothalamus around the time of oestrus in sexually naIve ewes (Gelez 

et al., 2004a). If the preconditioning exposure period were to occur during the 

breeding season, the maiden ewes are likely to be mounted by the rams thereby 

developing this neuroendocrine response and improving the behavioral responses of 

the maiden ewes. 

The aim of this experiment was to investigate the effect of pre-exposure of maiden 

ewes to a vasectomised ram for a month during the breeding season on their 

subsequent endocrine responses to ram introduction during late anoestrus. I aimed to 

detect any differences in the LH response of ram experienced and ram naIve ewes and 

147 



any differences in the proportion of ewes having an LH surge and ovulating in 

response to ram introduction. I also aimed to detect any differences in the latency to 

cyclic activity, oestrous cycle length and maximum progesterone concentration. 

7.3 MATERIALS AND METHODS 

7.3.1 PRE-EXPERIMENTAL PROTOCOL 

Sexually naIve spring born maiden mule ewes (Swaledale x BluefacedIBorder 

Leicester) that had been previously isolated from ram contact (not within 500m) were 

randomly assigned to either control (MCB; n=10) or ram experienced groups (MRB; 

n=lO) and maintained on pasture at Cockle Park Research Farm (55°13'N). At the 

end of November, MRB ewes (age; approximately 7 months) were introduced to 

vasectomised rams (n=6) for a period of 1 month. MRB and MCB ewes were 

subsequently isolated from ram contact and maintained together at pasture in 

accordance with conventional farm practice until August the following year (Figure 

7.1). As in Chapters 5 and 6, all rams used were vasectomised rams but will be 

referred to as rams throughout. 

7.3.2 ANIMALS AND EXPERIMENTAL PROCEDURES 

During August, MRB (n=10) and MCB (n=IO) ewes were split into two replicates (1; 

n=10, 2; n=lO) containing an equal number of randomly selected ewes from each 

treatment group (Figure 7.1). The second replicate was staggered by 2 days to permit 

the same frequency of blood sampling as in Chapters 5 and 6 (every 12 minutes) with 

the limited amount of technical support available. The minimal two-day gap limited 

the likelihood of any seasonal effects on the ewe-ram response. MRB 1 (n=5) and 

MCBI (n=5) ewes were mixed and housed in 2 groups of 5 ewes per pen (19m2 per 

pen) and kept under an artificial controlled lighting regimen, which matched the 

natural day length. In a similar controlled environment, MRB2 (n=5) and MCB2 

(n=5) ewes were mixed and housed in 2 groups of 5 ewes per pen (14m2 per pen) and 

maintained under natural lighting. Each group received hay (3kg) and a daily ration of 

concentrates (300g per ewe). 
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Figure 7.1. On Day 0 of the experiment (MRB lIMCB 1, 19th August; MRB2/MCB2, 

21 sl August), rams were introduced midway through the serial bleed procedure 

outlined below and remained with the ewes for the remainder of the experiment. 

7.3.3 CANNULATION PROCEDURE AND BLOOD PROCESSING 

The cannulation procedure, maintenance of the cannulae and processing of the blood 

samples were carried out as in Chapter 5.3.4.2 and 5.3.5 

7.3.4 BLOOD COLLECTION 

On the day of ram introduction (Day 0), frequent blood samples (Sml) were collected 

every 12 minutes via a jugular cannula during the 6 hours before and 6 hours after 

ram introduction. On Day 1 after ram introduction, blood samples were taken every 2 

hours via the jugular cannula from 18 to 42 hours after ram introduction to attempt to 

detect the LH surge. 
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Blood samples (5ml) were collected by jugular venepuncture (Vacutainer, Becton

Dickinson Limited, Coventry) or via the cannula for progesterone in order to establish 

that the ewes were anoestrus prior to ram introduction and to monitor their 

progesterone profiles. As in Chapters 5 and 6, blood samples were taken twice weekly 

for 2 weeks prior to ram introduction with the frequency increased to daily during 

Days 3 to 6 after ram introduction. On Day 6 the cannulae were removed and the 

frequency of samples rescheduled to twice weekly via jugular venepuncture until 

three weeks after ram introduction. 

7.3.5 IMMUNOASSAY 

Plasma progesterone concentrations were analysed in duplicate using a commercial 

enzyme linked immunoassay (ELISA) kit (Ridgeway Science Ltd, Gloucester, UK) as 

outlined in Chapter 5.3.5. Mean intra-assay and inter-assay coefficients of variation 

for low (1.77ng/ml), medium (2.98ng/ml) and high (7.23ng/ml) plasma samples were 

8.3% and 12.2% and 5.4 and 10.2% and 6.3 and 14.1% respectively. The sensitivity 

of the assay was 0.2ng/ml. 

Serum LH concentrations were determined usmg a previously validated double 

antibody radioimmunoassay as outlined in Chapter 5.3.6. Mean intra-assay and inter

assay coefficients of variation for low (O.22nglml), medium (1.50ng/ml) and high 

(3.39ng/ml) plasma samples were 6.l % and 15.3%, 7.4% and 10.2% and 7.4% and 

15.7% respectively. The sensitivity of the assay was O.lng/ml. 

7.3.6 DATA ANALYSIS 

Any ewe classed as cyclic prior to ram introduction (determined by progesterone 

elevation above 1.5ng/ml for at least 2 samples) was excluded from further analysis. 

The onset of cyclic activity post ram introduction was determined as the sample when 

the progesterone concentration was elevated by a minimum of two standard 

deviations above the mean of the previous samples and remained elevated for two or 

more consecutive samples. Cycle length was derived as the number of days between 

two successive nadir points on the progesterone profile. 

Serum LH concentrations were plotted out for individual ewes over the duration of 

the 12 hour blood sampling period. As the secretion of LH was pulsatile, the 
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frequency of pulses was analysed using the Munro algorithm, which is a modified 

version of the Pulsar algorithm (Wachter and Merriam, 1982). The parameters for the 

Munro analysis were the same as those outlined in Chapter 5.3.7. Data for LH pulse 

frequency, LH pulse amplitude, mean and basal LH concentrations before and after 

ram introduction were subject to repeated measures ANOV A in Genstat 5 (for 

Windows, Second Edition) as in Chapters 5.3.7. Mean and basal LH were 10glO 

transformed due to skewed distribution of the data however the non-transformed data 

are presented for ease of interpretation. Where a significant effect of prior experience 

of the ram was detected, data for MRB and MCB ewes were compared before and 

after ram introduction by Students t-test (Minitab, 13.1). 

Occurrence of an LH surge was determined as outlined in Chapter 5.3.7. The number 

of ewes in each treatment group having an LH surge was compared by a Chi Square 

test and the time of the onset, end and duration of the LH surge were compared 

between treatments by Students t-test. The number of LH pulses during the 6-hour 

period both before and after ram introduction were compared between ewes detected 

with or without an LH surge using Mann Whitney U test due to the abnormality of the 

data. 

The progesterone concentrations on Day 3 after ram introduction (the first 

progesterone sample taken after ram introduction) and the number of days to the onset 

of cyclic activity were compared between treatments by Students t-test after log 10 

transformation. As above the non-transformed data are presented for ease of 

interpretation. 

Cyclic activity after ram introduction was categorized using each ewe's progesterone 

profile into one of four categories (outlined in Chapter 5.3.7). The numbers of ewes 

exhibiting each classification of post-ram cyclic activity were compared using the Chi 

Square test. 
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7.4 RESULTS 

Based on the progesterone data, all ewes were anoestrus at the onset of the serial 

bleed with the exception of one MCB and two MRB ewes, which for this reason were 

excluded from further analysis. Replicate was included in the repeated measures 

analysis and was found not to have a significant effect on (or interaction with) any 

parameters associated with the LH response and thus MCB and MRB ewes from each 

replicate were combined for further analysis. 

Ram introduction during late anoestrus to maiden ewes with (ram experienced; MRB) 

or without (ram naIve; MCB) prior experience of the ram stimulus during the previous 

breeding season induced a significant increase in mean (Table 7.1; P<O.OOI) and basal 

concentrations of LH (Table 7.1; P<O.OOI) and LH pulse frequency (Table 7.1; 

P<O.OOl). There was no significant effect of ram introduction on LH pulse amplitude 

(Table 7.1; P>O.l). 

MCB ewes had significantly greater LH pulse frequency than MRB ewes during the 

6-hour sampling period before ram introduction (Table 7.1; P<0.05). After ram 

introduction, MCB ewes continued to have a greater number of LH pulses during the 

6-hour sampling period (Table 7.1; P<O.OI) than MRB ewes. There was no interaction 

between prior experience of the ram and the LH response to ram introduction (Table 

7.1; P>O.I). There was no significant difference between MCB and MRB ewes in any 

other parameters of the LH response (mean and basal LH concentrations or LH pulse 

amplitude) either before or after ram introduction (Table 7.1; P>O.I). 

An LH surge was detected within the blood-sampling period between 18 and 42 hours 

post ram introduction in numerically more MCB ewes than MRB ewes (8 versus 4; 

P<O.I). Table 7.1 shows the differences between the MCB and MRB ewes in the 

latency to the onset of the LH surge. However the proportion of MCB ewes that had 

the onset of the LH surge prior to 18 hours after ram introduction prevented any 

statistical analysis on this data (n=3; 38% of MCB ewes detected with a surge). 

Similarly the number of MRB ewes that had the end of the LH surge outside of the 

sampling period (n=2; 50% of MRB ewes detect with a surge) prevented meaningful 

analysis between MCB and MRB on the end or duration of the LH surge. 
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Within MRB and MeB ewes there were no differences in mean LH concentrations 

before and after ram introduction in ewes detected with or without an LH surge 

between 18 and 42 hours after ram introduction (Figure 7.2 and 7.3). MRB ewes 

subsequently detected with an LH surge had significantly more LH pulses after ram 

introduction than MRB ewes not detected with an LH surge during the sampling 

period (Figure 7.4; P<O.05). This difference could not be assessed statistically in 

MeB ewes due to only one ewe not detected with an LH surge (Figure 7.5). 

Representative individual profiles for MRB and MeB ewes that were detected with or 

without an LH surge between 18 and 42 hour after ram introduction are shown in 

Figures 7.7-7.8 

In the absence of a significant difference between ram experienced and ram naIve 

ewes either before or after ram introduction, data for MRB and MeB was pooled and 

re-categorized as ewes detected with or without an LH surge. Ewes detected with an 

LH surge had significantly greater mean LH concentrations before ram introduction 

than ewes not detected with an LH surge within the sampling period (Figure 7.8; 

P<O.05). However there was no significant difference in mean LH concentrations 

after ram introduction. 

The mean onset of cyclic activity occurred significantly earlier in MeB ewes (Table 

7.1; P<O.Ol). This is likely to be related to the earlier onset of the LH surge in the 

MeB ewes (Table 7.1). There were no significant differences in the remammg 

characteristics of the oestrous cycles post ram introduction (Table 7.1). 
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Table 7.1. Luteinising honnone characteristics of ram naive (MCB) and ram 

experienced (MRB) anoestrous maiden ewes before and after the introduction of 

vasectomised rams. Values are presented as mean ± S.E.M. Value differs from before 

ram introduction within each treatment (***P<O.OOl). Within rows different 

superscripts indicate a significant difference between ram naIve and ram experienced 

ewes (ef; P<O.05, gh P<O.OI) 

MCB MRB 

Number of ewes 9 8 

LH parameters before and after ram introduction 

Mean LH concentrations Before rams 0.43 ± 0.1 0.28 ± 0.06 

(ng/ml) After rams 2.21 ± 0.33*** 1.75 ± 0.20*** 

Mean number of LH pulses in 6 Before rams 1.22 ± 0.15e 0.63 ± O.l8f 

hours After rams 5.89:t0.35g*** 4.13 :t 0.55h*** 

Mean LH pulse amplitude Before rams 1.67 ± 0.32 1.55 :t 0.32 

(ng/ml) After rams 1.87 :t 0.35 2.44 :t 0.36 

Mean basal level of LH Before rams 0.19 ± 0.06 0.15 ± 0.05 

(ng/ml) After rams 
1.56 ± 0.37*** 0.90 ± 0.15*** 

LH surge parameters 

Ewes having LH surge 8 4 

(%) (89) (44) 

Time to LH surge (Hrs after ram introduction) 23.2 ± 1.62 29.0 ± 2.38 

(Number of ewes with onset after 18 hrs) (5) (4) 

End of LH surge (Hrs after ram introduction) 37.5 ± 1.95 41.0:!: 1.0 

(Number of ewes with end within 42hrs) (8) (2) 

Duration (Rrs) 

(Number of ewes with onset and end within sampling 17.6 ± 0.75 16.0 ± 2.0 

period) (5) (2) 

Oestrous cycle parameters: After ram introduction, ewes having: 

Short cycle only 0 0 

Short cycle then long cycle 7 5 

Long cycle only 2 1 

Not cycling by 21 days post ram introduction 0 2 

Mean number of days to cyclic activity 3.67 ± 0.24g 6.14 ± 1.l6h 
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Figure 7.2 Histogram illustrating the mean (± sem) LH concentrations of MRB ewes 

before (grey bars) and after (black bars) that were detected (n=4) or not detected 

(n=4) with an LH surge between 18 and 42 hours after ram introduction 
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Figure 7.3 Histogram illustrating the mean (± sem) LH concentrations ofMCB ewes 

before (grey bars) and after (black bars) that were detected (n=8) or not detected 

(n=l) with an LH surge between 18 and 42 hours after ram introduction 
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Figure 7.4 Histogram illustrating the mean (± sem) number of pulses before (grey 

vertical hatched bars) and after (black hatched bars) ram introduction of ram 

experienced ewes that were detected (n=4) or were not detected (n=4) with an LH 

surge between 18 and 42 hours after ram introduction 
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Figure 7.5 Histogram illustrating the mean (± sem) number of pulses before (grey 

vertical hatched bars) and after (black hatched bars) ram introduction of ram naIve 

ewes that were detected (n=8) or were not detected (n=1) with an LH surge between 

18 and 42 hours after ram introduction. 
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Figure 7.6 Histogram illustrating the mean (±sem) concentrations of LH during the 6-

hour period before (grey bars) and after (black bars) ram introduction in ewes 

detected with (n=ll) or without (n=5) an LH surge. Before ram introduction ewes 

detected with an LH surge had significantly LH concentrations over the 6-hour 

sampling period than ewes not detected with an LH surge (*P<O.05). However there 

was no significant difference in the mean LH concentrations after ram introduction in 

ewes detected with or without an LH surge (P>O.l). 
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Figure 7.7 Example profiles of ram experienced ewes detected or not detected with an 

LH surge between 18 and 42 hours after ram introduction. Ewe 13 had an LH surge at 

32 hours after ram introduction with a maximum LH concentration of 27.9ng/ml 

however duration could not be calculated, as the LH concentrations did not reach 

baseline within the sampling period. Ewe 2 was not detected with an LH surge 

between 18 and 42 hours after ram introduction. 
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Figure 7.8 Example profiles of ram naive ewes detected or not detected with an LH 

surge between 18 and 42 hours after ram introduction. Ewe 17 was not detected with 

an LH surge between 18 and 42 hours after ram introduction. Ewe 8 had an LH surge 

at 22 hours after ram introduction with duration of 20 hours and maximum LH 

concentration of 37.10 ng/ml. 
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7.5 DISCUSSION 

Ram introduction induced a significant increase in mean and basal LH concentrations 

and LH pulse frequency within both ram experienced and ram naive ewes. There was 

no effect of ram introduction on LH pulse amplitude. Ram naive ewes had a higher 

LH pulse frequency both before and after ram introduction than ram experienced 

ewes, however there was no interaction between prior experience of the ram and the 

magnitude of the increase in LH pulse frequency after ram introduction. There were 

no significant differences between ram naive and ram experienced ewes in any other 

parameters of the LH response. 

The significantly higher LH pulse frequency both before and after ram introduction in 

the ram naive ewes was associated with a greater proportion of ewes detected with 

and an early onset of an LH surge. LH pulse frequency during anoestrus can be 

perceived as a measure of the depth of anoestrus (Martin et al., 1985). For example, 

ovariectomised Suffolk ewes have an innately lower LH pulse frequency during 

anoestrus than ovariectomised Merino ewes (Martin et al., 1986). Depth of anoestrus 

is a powerful factor modulating the ovulatory response of ewes to the ram effect 

(Lindsay and Signoret, 1980). Therefore it may be that the earlier LH surge following 

ram introduction to the ram naive ewes is more a reflection of the endocrine state of 

these ewes prior to ram introduction than a difference in the endocrine response to the 

ram effect. 

The reason for the higher pulse frequency prior to ram introduction in the ram naive 

ewes is unclear. Ram exposure can stimulate puberty in pre-pubertal ewe lambs (AI

Mauly et al., Knights et al., 2002). However spring born lambs typically attain 

puberty during the autumn, aged between 25 and 35 weeks of age (Foster and Ryan, 

1979). This is supported relative to the mule ewe by the findings of AI-Mauly et al., 

(1991) where spring born mule ewe lambs isolated from ram contact reached puberty 

in early November. Therefore it is unlikely that the difference in pre-ram introduction 

pulse frequency between ram naive and ram experienced ewes originates from ewes 

being pre or post pubertal at the time of ram introduction. 

Continuous ram presence during the transition into anoestrus extends the breeding 

season (O'Callagban et al., 1994). If ewes are maintained in continuous contact with 
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rams this extension is reportedly lost and ewes have a pattern of seasonal transitions 

similar to ewes maintained in absence of rams (Riches and Watson, 1954). However 

in this study the rams were present for one month and removed at the end of 

December, which is earlier than the natural transition into the anoestrous period 

identified in studies conducted at a comparable latitude (6th March ± 7 days; 

O'Callaghan et a/., 1994). However maiden ewes in the first autumn of life typically 

have a shorter breeding season than adult ewes (Bathaei, 1996) and the transition into 

anoestrus is a gradual process (Karsch et a/., 1984a). Therefore I propose that the 

continuous exposure of maiden ewes to rams late during the breeding season may 

have affected the transition into anoestrus. I hypothesise that this may have resulted in 

ram-experienced ewes being at a greater depth of anoestrus when subsequently 

introduced to rams later during the anoestrous period. 

The supplementation of ewes with concentrate feed in this experiment may explain 

the higher mean and basal concentrations of LH and LH pulse frequency prior to ram 

introduction and relative magnitude of the LH response compared to anoestrous ewes 

in Chapter 5. A low plane of nutrition is associated with increased responsiveness of 

the hypothalamic-pituitary axis to the negative effects of oestradiol (Lindsay, 1996). 

Changes in the plane of nutrition induces rapid changes in the endocrine milieu of 

rams (Review, Martin and Walkden-Brown, 1995) and evidence in goats indicates 

that this can markedly improve their endocrine response to the introduction of 

oestrous femal~s (Walkden-Brown et a/., 1994). Though the role of nutrition in the 

responses of the ewe to the ram effect is less equivocal in sheep (Review; Walkden

Brown et a/., 1999) nutrition is a powerful modulator ofLH concentrations (Walkden

Brown et a/., 1999). Furthermore Forcada et a/., (2002) identified that a high plane of 

nutrition modified the steroidgenic control of LH release during anoestrus. Therefore I 

propose that supplementation of the ewes in this study with concentrated feed 

enhanced the magnitude of all parameters of the LH response both before and after 

ram introduction. 

In summary, the introduction of rams to maiden ewes during late anoestrus (August) 

induced a significant increase in basal and mean LH concentrations and LH pulse 

frequency in both maiden ewes with or without prior experience of the ram during the 
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breeding season. I had proposed that prior experience of the ram during the breeding 

season would enhance the endocrine response of maiden ewes to ram introduction. In 

contrast ram experienced maiden ewes had a lower LH pulse frequency both before 

and after ram introduction. I propose that the lower LH pulse frequency after ram 

introduction is related to the lower LH pulse frequency before ram introduction. This 

difference in the pre-ram exposure endocrine state may have occurred by chance or be 

an artifact of the time of the pre-conditioning ram exposure period relative to the 

cessation of the natural breeding season. There were no other positive or negative 

effects of prior experience of the ram during the breeding season on any other 

parameters of the LH response. Ewes having an LH surge had greater LH 

concentrations prior to ram introduction and within ram experienced ewes, a higher 

LH pulse frequency after ram introduction. These findings highlight the importance of 

the endocrine milieu prior to ram introduction in relation to the characteristics of the 

subsequent LH response and the successful stimulation of ewes with the ram effect. 
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8. COMPARISON BETWEEN A NON-PHARMACOLOGICAL 

METHOD OF OESTRUS SYNCHRONISATION AND ARTIFICIAL 

SYNCHRONISATION IN EWES ARTIFICIALLY INSEMINATED 

DURING THE BREEDING SEASON 

8.1 ABSTRACT 

Artificial insemination is a valuable tool in the sheep industry however conception 

rates and poor fertility with frozen semen restrict its application. Artificial 

progestagens have been attributed to contribute to the low conception rates. Within 

Norwegian insemination systems, ewes are mated to a natural oestrus with reported 

high conception rates and overall fertility even with frozen semen. Therefore the aim 

of this experiment was to compare the conception rates and litter size obtained in 

ewes synchronised using artificial progestagens (artificially synchronised, AS; n=55) 

or using the repeated ram exposure strategy developed in Chapter 3 (ram 

synchronised, RS; 100). On Day 50 after the first ram exposure of the RS ewes (16 

days after the final ram exposure period) vasectomised rams were introduced to the 

RS ewes. Raddle marks were monitored over the subsequent three-day period and 

marked ewes were drafted off once a day and ewes were inseminated within 4 hours 

of drafting. The AS ewes were treated for 14 days with an intravaginal progestagen 

pessary and inseminated between 50 and 56 hours after sponge withdrawal. RS ewes 

had significantly greater conception rates than artificially synchronised ewes (P<O.Ol). 

Within the RS ewes, ewes marked by the vasectomised rams one cycle prior to 

insemination had a significantly lower conception rate than those ewes first marked 

by vasectomised rams on the day of insemination (P<0.05). Within ewes lambing to 

the inseminated service there was no significant difference in the mean litter size of 

RS and AS (1.57 ::t 0.13 versus 1.58 ± 0.19, RS and AS ewes respectively). The 

adequate conception rates observed in this study in the RS ewes potentiates the use of 

the repeated ram exposure strategy developed in Chapter 3 as a non-pharmacological 

method of oestrus synchronisation for use in an artificial insemination programme. 
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8.2 INTRODUCTION 

Artificial insemination (AI) is a valuable tool in the sheep industry and plays an 

important role in the distribution of superior genetics within UK flocks (Khalid et al., 

1998). However AI in sheep is more complex than within other species with 

conception rates comparable to natural mating only reliably possible with frozen 

semen through use of laparoscopic AI (Khalid et al., 1998). However there are ethical 

concerns over the routine use of intrauterine AI (Gordon, 1997) due to the invasive 

nature of the procedure. 

One of the simplest methods of inseminating the ewe is by cervical insemination 

using fresh or chilled semen where sperm is deposited in the first fold of the cervix. 

Conception rates using this method of artificial insemination and fresh semen range 

from between 65%, (Evans and Maxwell, 1987) to 82% (Donovan et al., 2004) 

however they are extremely dependent on technician, breed and season (Gordon, 1997; 

Donovan et al., 2004). A further complicating factor stems from a negative effect of 

artificial synchronisation on conception rates (Quinlaven and Robinson, 1969) 

proposed to be driven by reduced sperm transport through the cervix (Killeen and 

Cafferty, 1982) however evidence of this is equivocal (Donovan et al., 2004). 

Furthermore when incorporated with frozen semen, cervical artificial insemination 

after artificial synchronisation is associated with a depression in litter size (Langford 

et al., 1979; Oleson, 1993; Donovan et al., 2004). 

Conception rates to cervical artificial insemination improve when ewes are 

inseminated during the natural breeding season due to the physiological state of the 

ewe and the improved sperm production within the donor rams (Gordon, 1997). 

Therefore the above factors suggest there is a greater probability of improved 

conception rates within ewes served at a natural oestrus in the absence of artificial 

synchronisation. However the labour and time associated with oestrous detection in 

ewes maintained at pasture (Donovan et al., 2004) and the natural distribution of 

oestrus in randomly cycling ewes are major limiting factors to the efficiency of an 

artificial insemination protocol using ewes mated to a natural oestrus. 

Conventional application of the ram effect during anoestrus has been shown to be 

effective as a method of synchronising Merino ewes for artificial insemination (Corke, 
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1980). Within Chapter 3, I developed a strategy for synchronous mating during the 

breeding season using intermittent repeated exposures to vasectomised rams repeated 

at 17 -day intervals. When entire rams were introduced for mating, 36% of ram

exposed ewes were mated during the first 72 hours of entire ram introduction with 

100% of ewes mated within 8 days. This type of ram-induced synchronisation offers a 

condensed and predictable distribution of oestrus and thus I propose that it could be 

applied as a method of ewe synchronisation for an artificial insemination programme. 

The aim of this experiment was to compare conception rates and litter size in ewes 

inseminated at a fixed time after artificial synchronisation of oestrus using 

conventional progestagen pessaries with ewes inseminated after synchronisation using 

the repeated, intermittent vasectomised ram exposure programme developed in 

Chapter 3. 

8.3 MATERIALS AND METHODS 

8.3.1 ANIMALS AND EXPERIMENTAL PROCEDURES 

The study was conducted at Cockle Park Research Farm, Northumberland (55° 13'N), 

using multiparous mule ewes (Swaledale x BluefacedfBorder Leicester) that had been 

previously isolated from ram contact (not within 500m). During September, ewes 

(n=155) were exposed to vasectomised rams (n=3) for 24 hours on Days 0 (September 

7th
), 17 and 34 of the experiment. Raddle marks were recorded at the end of each 

exposure and raddle colour was changed before the next exposure period to monitor 

continued or first incidence of oestrus. On Day 35 a random selection of ewes that had 

not been marked by the vasectomised rams during the exposure periods were 

allocated to Group AS (Artificially Synchronised; n=55). The remaining unmarked 

and marked ewes were allocated to Group RS (Ram Synchronised; n=lOO). 

8.3.1.1 ARTIFICIALLY SYNCHRONISED EWES 

AS ewes were treated for 13/14 days with an intravaginal progestagen pessary (60mg 

medroxyprogesterone acetate, Veramix sponge, Upjohn, UK) inserted on Day 36 

(ASA; n=25) and Day 37 (ASB; n=32) of the experiment. The insertion of the 

intravaginal sponges was staggered to permit removal of the progestagen pessary and 

artificial insemination of the ewes over a 3 day period with each ewe having had a 
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minimum synchronisation period of 13 days. Intravaginal pessaries were removed on 

Day 49 (ASA; n=23), Day 50 (ASA; n=2, ASB; n=17) and Day 51 (ASB; n=15) . 

These ewes were drafted off from the main group and inseminated between 50-56 

hours after sponge removal (Bright et ai., 1998) on Days 1, 2 and 3 of the 

insemination protocol respectively. After insemination ewes were maintained at 

pasture with the inseminated RS ewes. One week after insemination radd1ed entire 

rams (n=4) were introduced to detect and mate any ewes not conceiving to the 

inseminated service. Ewes were subsequently maintained according to conventional 

farm practice until lambing when date of lambing and number of lambs born were 

recorded. 

8.3.1.2 RAM SYNCHRONISED EWES 

Raddled vasectomised rams (n=2) were introduced to RS ewes on Day 50 (27th 

October) and remained with the ewes for four days. Raddle marks were checked on 

the morning of Days 51, 52 and 53 and any marked ewes were drafted off and 

inseminated within 4 hours of drafting on Days 1 (n=20), 2 (n=14) and 3 (n=6) of the 

insemination protocol respectively. After insemination ewes were maintained with the 

AS ewes as outlined above. 

8.3.2 RAM SEMEN COLLECTION 

Semen was collected using an artificial vagina (Dan Fawcett Consulting Ltd, Cumbria) 

and immediately placed in a thermo stable water bath (30°C) prior to assessment. 

Each semen sample was evaluated by the same operator to provide continuity in the 

subjective assessment of density and motility. After collection, the volume of the 

ejaculate was recorded and scored for motility and density. Wave motion was 

assessed by placing a small droplet of semen on a microscope slide and evaluated 

using the scale in Table 8.1 at a magnification of (x 10). Density of the sample was 

assessed subjectively using the scale in Table 8.2. The number of ewes to be 

inseminated with each sample was calculated using the equation below to estimate the 

total live number of sperm. The ejaculate was maintained in a thermo stable water 

bath (30°C) diluted and used within 1 hour of collection. All rams used were of the 

same breed (Texel) and multiple ejaculates were taken from each ram to inseminate 

the ewes in heat on that day. Each ejaculate was independently assessed and its 
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suitability verified prior to use in the insemination procedure and no more than three 

ejaculates were taken from any ram. 

Equation for calculation of numbers of ewes to be inseminated per ejaculate 

Number of live 
sperm in ejaculate = 

Volume x Number of sperm (as derived from the density 
score) x Motility 

Based on each ewe requiring 0.1 x 109 sperm (Dan Fawcett, personal communication) 

the total number of live sperm calculated above is divided by 0.1 x 109 sperm to give 

the number of ewes that can be inseminated with that ejaculate. 

Dilution of semen 

Semen was diluted according to the motility score of the semen. For example, if the 

sample was scored with a 5 for motility it was diluted 1 part semen to 5 parts UHT 

milk. 

The numbers of AS and RS ewes inseminated each day were balanced as far as 

possible (within the numbers available) to minimise any bias effect of ram fecundity 

on anyone group. For each ewe the AI pipette was loaded with 0.4ml of diluted 

semen and withdrawn from the tip by drawing up 0.2ml of air. The pipette was held in 

cotton wool to provide thermal stability between preparation and use. Between 

inseminations the AI pipette was wiped using dry paper towel. 
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Table 8.1 Scoring system for wave motion - (Bright et a/., 1998) 

Score Class Description 

5 Very good dense, very rapidly moving waves. Individual sperm 

cannot be observed. More than 90% of the sperm are active. 

4 Good Vigorous movement, however waves and eddies are not as 

rapid as those in score 5. About 70 to 90% of the sperm are active. 

3 Only small, slow moving waves. Individual sperm may be observed. 

About 40 to 65% of sperm are active. 

2 Poor. No wave motion forming, but some movement of sperm is 

visible. About 20 to 40% of sperm are active. 

1 Very poor About 10% of sperm active. Possible to observe slight 

'flickering' of sperm with poor motility. 

0 Dead. No movement apparent 

Table 8.2 Concentration of ram semen assessed for consistency - (Bright et ai., 1998) 

Density Number of sperm per ml 

Thick creamy 4.5 x 109 

Creamy 3.5 x 109 

Thin creamy 3.0 x 109 

Milky 2.0 x 109 

Cloudy 0.7 x 109 

Clear (watery) Insignificant 
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8.3.3 INSEMINATION PROCEDURE 

The ewe was restrained using the "over the rail" technique (Salamon, 1976) and held 

firmly during the insemination procedure. The vulva was cleaned using warm water 

and paper towel. A well-lubricated speculum was inserted vertically into the entrance 

to the vagina, gently rotated 90° and opened to show the vaginal canal. The entrance 

to the cervix was viewed using a pen torch and any unusual observations or excessive 

vaginal mucus were recorded. The tip of the AI pipette was then inserted into the first 

folds of the cervix, the diluted semen deposited and the speculum closed and retracted. 

The time and date of insemination, ram and ram ejaculate were recorded for each ewe. 

A single inseminator conducted all inseminations. Between inseminations the 

speculum was disinfected using a non-spermicidal disinfectant (Decon 90; Dan 

Fawcett Consulting Ltd, Cumbria) and wiped dry. 

8.3.4 DATA ANALYSIS 

Data relating to conception rates was analysed by binary logistic regression (Minitab 

1.7) with treatment, factors relating to the pre-insemination procedure (ram 

synchronised ewes: marked by rams during the 1st, 2nd or 3rd exposure period; 

artificially synchronised ewes: date of sponge insertion) and parameters relating to 

insemination procedure included in the regression analysis. The effect of treatment 

and the above parameters related to the pre-insemination and insemination procedure 

on the numbers of ewes having single twin or triplet lambs was analysed by ordinal 

logistic regression. 
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8.4 RESULTS 

Ram synchronised ewes had a significantly greater conception rate than artificially 

synchronised ewes (60% versus 21%, RS and AS ewes respectively; P<O.Ol). Date 

and time of insemination, date of sponge insertion, ram used and ejaculate number 

had no significant effect on conception rates. Within the RS ewes, ewes marked by 

the vasectomised rams one cycle prior to insemination had a significantly lower 

conception rate than those ewes first marked by vasectomised rams on the day of 

insemination (44% versus 92%; P<0.05). There was no significant effect of being 

marked by the vasectomised rams two cycles prior to mating (n=3) on conception 

rates (33% versus 62%; P>O.I). 

Within ewes lambing to the inseminated service there was no significant difference in 

the numbers of RS and AS ewes having single (48% versus 50%) twin (48% versus 

42%) or triplet (4% versus 8%) lambs. This was also reflected by the similar mean 

litter size (1.57 ± 0.13 versus 1.58 ± 0.l9, RS and AS ewes respectively). Furthermore 

there was no effect of date and time of insemination, date of sponge insertion, whether 

ewes had been previously marked by the vasectomised rams, ram used or ejaculate 

number on the proportion of ewes having single, twin or triplet lambs. 

There was no significant difference between treatments in the numbers of ewes that 

were barren, aborted or died during the experiment (4% versus 0%; RS and AS ewes 

respectively). 
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8.5 DISCUSSION 

The higher conception rate within ram-synchronised ewes is in agreement with 

previous studies where insemination of ewes to a natural rather than artificially 

induced oestrus resulted in comparably higher conception rates (Robinson and Moore, 

1967). However the conception rates of both artificially and ram synchronised ewes in 

this study are markedly lower than previously reported with fresh semen in other 

studies (artificial, 21 % versus 52% Maxwell, 1986, 70% Donovan et al., 2004; natural, 

60% versus 70%; Jonmundsson, 1986, 82% Donovan et al., 2004). 

A considerable number of factors affect fertility to artificial insemination including 

inseminator, ram, breed, stress and progestagen type (Oleson, 1993). However in this 

study, parameters relating to the insemination procedure were the same for all ewes 

and regression analysis found no significant effect of any of the parameters on 

conception rates to the inseminated service. With respect to the ewes mated to a 

natural oestrus, the double drafting procedure used by Donovan et al., (2004) is likely 

to be a preponderant factor in the greater conception rates in their study of ewes 

inseminated to a natural oestrus. This type of double drafting procedure allows 

detection of ewes at an optimal time of insemination relative to detection of oestrus. 

Oleson (1993) identified an optimal time of cervical insemination with frozen semen 

at 15-20 hours after detection of oestrus. Therefore by drafting ewes off once per day 

a proportion of ewes will be inseminated before or after the optimal time relative to 

ovulation. 

With respect to the artificially synchronised ewes, the time of AI relative to sponge 

withdrawal in this study (50-56 hrs) is marginally earlier than that recommended by 

Maxwell, (1984) at 55-56 hrs after sponge withdrawal. However Donovan et al., 

(2001) found no significant effect of a 6-hour difference in conception rates of ewes 

cervically inseminated with frozen semen. The use of vasectomised rams to detect 

ewes in oestrus after sponge withdrawal markedly improves conception rates to 

artificial insemination. Therefore the insemination of ewes at a fixed time rather than 

in combination with oestrous detection using vasectomised rams is likely to have 

contributed to the lower conception rates observed in this study. Furthermore the type 

of progestagen used for oestrus synchronisation has been shown to markedly affect 

conception rates due to the distribution of oestrus after sponge withdrawal (Pearce et 
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al. 1984). Gordon, (1983) compared conception rates in ewes synchronised by 

intravaginal pessaries treated with medroxyprogesterone acetate (MAP) or 

flurogestone acetate (FGA) when mated to natural service and artificial insemination. 

Though there was no comparative difference in conception rates in ewes mated by the 

rams, there was a significant advantage of using FGA when ewes were artificially 

inseminated (Gordon, 1983). In this study ewes were synchronised using a 13/14-day 

MAP protocol in contrast to Donovan et ai., (2004) where ewes were synchronised 

using FGA intravaginal pessaries. Therefore, I propose that the use of MAP sponges 

and the absence of vasectomised rams to detect oestrus in the artificially synchronised 

ewes were two of the factors contributing to the depressed conception rates in this 

study. 

The comparative depression of conception rates in both ewes inseminated to a natural 

and artificially induced oestrus may also be directly related to my inexperience in 

cervical artificial insemination. Inseminator skill is a major determining factor in 

conception rates and litter size in artificially inseminated ewes (Oleson, 1993) 

therefore, I propose that my relative inexperience in this technology contributed to the 

observed conception rates in this study. 

Ram synchronised ewes marked by vasectomised rams during the oestrous cycle prior 

to insemination had significantly lower conception rates than ewes marked by 

vasectomised rams for the first time immediately prior to insemination. This is in 

contrast to the findings by Berg and Aaamdal (1991) where ewes inseminated to the 

second oestrus of the breeding season had higher conception rates compared to ewes 

inseminated to the first oestrus. Expression of behavioural oestrus requires a period of 

progesterone priming (Robinson, 1954) thus the frrst ovulation of the breeding season 

is typically silent (Karsch, 1984). The ram-synchronised ewes were exposed 

periodically to vasectomised rams every 17 days from the transition into the breeding 

season. Therefore ewes marked by vasectomised rams during the oestrous cycle prior 

to insemination are likely to have had a full oestrous cycle either stimulated 

coincidentally by the advancing photoperiod or by the ram exposure approximately 

one oestrous cycle length prior to insemination. Ram presence during a natural or 

artificially induced follicular phase advances the onset and reduces the duration of 

oestrus (natural: Fletcher and Lindsay, 1971; artificial: Romano et al., 2000; 2001) 
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and advances the LH surge and ovulation (artificial: Maxwell, 1984, Lucidi et al., 

2001; natural: Cahill et ai., 1974; Lindsay et ai. 1975). Therefore, I propose that the 

repetitive exposure of receptive and thus marked ewes to rams at the interval of 

approximately one cycle length is likely to cause a gradual shift in the time of oestrus 

and ovulation. Asynchrony between ovulation and insemination is one of the most 

common causes of reproductive wastage in artificially inseminated ewes due to 

ageing of either the sperm or oocyte (Lucidi et at., 2001). Delayed insemination 

relative to the time of ovulation is typically associated with fertilisation of aged 

oocytes and reduced embryo viability and survival rates in a number of species (sheep; 

McEvoy et ai., 1995, cattle; Dalton et al., 2001). Therefore, I propose that the 

depression in conception rates in ewes marked during the oestrous cycle prior to 

insemination was due to asynchrony between ovulation and insemination induced by 

an effect of the rams during the final exposure period 17 days prior to insemination 

that was further aggravated by vasectomised ram introduction for oestrous detection 

the day prior to insemination. This theory is supported by the exceptionally low 

conception rates of fence-line ram exposed ewes mated during the first 24 hours of 

ram introduction in Chapter 3 that was curtailed in subsequent studies by entire ram 

introduction at 16 rather than 17 days after the final ram exposure period. 

The absence of any significant difference in litter size between ram synchronised and 

artificially synchronised ewes is in agreement with findings of Donovan et al., (2004) 

and Mitchell et al., (1999) where there was no significant difference in litter size 

between ewes mated to a natural or artificially induced oestrus. Oleson (1993) 

estimated a depression in litter size of 0.2-0.4 lambs in ewes artificially inseminated 

compared to natural service. Our results concur with this estimation as from Chapter 3 

the ewes naturally mated during the same autumn had a litter size ranging from 1.8 to 

2.2 lambs per ewe. However Donovan et al., (2004) identified a significantly greater 

depression in litter size in ewes inseminated with frozen-thawed semen and 

inseminated to an artificially synchronised oestrus than in ewes inseminated to a 

natural oestrus. Therefore as the method of ram synchronisation in this study permits 

insemination to a natural service, it may be that it has potential applications to the 

improvement of litter size in ewes inseminated with frozen-thawed semen. 
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In summary, short-term, repeated exposure of ewes to rams during the transition into 

the breeding season compacted the oestrous activity of 40% of ram-synchronised 

ewes over a three-day insemination period. The conception rate of these ram

synchronised ewes was significantly greater than ewes artificially synchronised by a 

13-day medroxyprogesterone acetate treatment. However the particularly low 

conception rates are likely to be a product of a less than optimal time of insemination 

of these ewes relative to progestagen withdrawal. 
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8. COMPARISON BETWEEN A NON-PHARMACOLOGICAL 

METHOD OF OESTRUS SYNCHRONISATION AND ARTIFICIAL 

SYNCHRONISATION IN EWES ARTIFICIALLY INSEMINATED 

DURING THE BREEDING SEASON 

8.1 ABSTRACT 

Artificial insemination is a valuable tool in the sheep industry however conception 

rates and poor fertility with frozen semen restrict its application. Artificial 

progestagens have been attributed to contribute to the low conception rates. Within 

Norwegian insemination systems, ewes are mated to a natural oestrus with reported 

high conception rates and overall fertility even with frozen semen. Therefore the aim 

of this experiment was to compare the conception rates and litter size obtained in 

ewes synchronised using artificial progestagens (artificially synchronised, AS; n=55) 

or using the repeated ram exposure strategy developed in Chapter 3 (ram 

synchronised, RS; 100). On Day 50 after the first ram exposure of the RS ewes (16 

days after the final ram exposure period) vasectomised rams were introduced to the 

RS ewes. Raddle marks were monitored over the subsequent three-day period and 

marked ewes were drafted off once a day and ewes were inseminated within 4 hours 

of drafting. The AS ewes were treated for 14 days with an intravaginal progestagen 

pessary and inseminated between 50 and 56 hours after sponge withdrawal. RS ewes 

had significantly greater conception rates than artificially synchronised ewes (P<O.OI). 

Within the RS ewes, ewes marked by the vasectomised rams one cycle prior to 

insemination had a significantly lower conception rate than those ewes first marked 

by vasectomised rams on the day of insemination (P<0.05). Within ewes lambing to 

the inseminated service there was no significant difference in the mean litter size of 

RS and AS (1.57 ± 0.13 versus 1.58 ± 0.19, RS and AS ewes respectively). The 

adequate conception rates observed in this study in the RS ewes potentiates the use of 

the repeated ram exposure strategy developed in Chapter 3 as a non-pharmacological 

method of oestrus synchronisation for use in an artificial insemination programme. 
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8.2 INTRODUCTION 

Artificial insemination (AI) is a valuable tool in the sheep industry and plays an 

important role in the distribution of superior genetics within UK flocks (Khalid et al., 

1998). However AI in sheep is more complex than within other species with 

conception rates comparable to natural mating only reliably possible with frozen 

semen through use of laparoscopic AI (Khalid et al., 1998). However there are ethical 

concerns over the routine use of intrauterine AI (Gordon, 1997) due to the invasive 

nature of the procedure. 

One of the simplest methods of inseminating the ewe is by cervical insemination 

using fresh or chilled semen where sperm is deposited in the first fold of the cervix. 

Conception rates using this method of artificial insemination and fresh semen range 

from between 65%, (Evans and Maxwell, 1987) to 82% (Donovan et al., 2004) 

however they are extremely dependent on technician, breed and season (Gordon, 1997; 

Donovan et aI., 2004). A further complicating factor stems from a negative effect of 

artificial synchronisation on conception rates (Quin1aven and Robinson, 1969) 

proposed to be driven by reduced sperm transport through the cervix (Killeen and 

Cafferty, 1982) however evidence of this is equivocal (Donovan et al., 2004). 

Furthermore when incorporated with frozen semen, cervical artificial insemination 

after artificial synchronisation is associated with a depression in litter size (Langford 

et al., 1979; Oleson, 1993; Donovan et al., 2004). 

Conception rates to cervical artificial insemination improve when ewes are 

inseminated during the natural breeding season due to the physiological state of the 

ewe and the improved sperm production within the donor rams (Gordon, 1997). 

Therefore the above factors suggest there is a greater probability of improved 

conception rates within ewes served at a natural oestrus in the absence of artificial 

synchronisation. However the labour and time associated with oestrous detection in 

ewes maintained at pasture (Donovan et al., 2004) and the natural distribution of 

oestrus in randomly cycling ewes are major limiting factors to the efficiency of an 

artificial insemination protocol using ewes mated to a natural oestrus. 

Conventional application of the ram effect during anoestrus has been shown to be 

effective as a method of synchronising Merino ewes for artificial insemination (Corke, 
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1980). Within Chapter 3, I developed a strategy for synchronous mating during the 

breeding season using intermittent repeated exposures to vasectomised rams repeated 

at 17-day intervals. When entire rams were introduced for mating, 36% of ram

exposed ewes were mated during the first 72 hours of entire ram introduction with 

100% of ewes mated within 8 days. This type of ram-induced synchronisation offers a 

condensed and predictable distribution of oestrus and thus I propose that it could be 

applied as a method of ewe synchronisation for an artificial insemination programme. 

The aim of this experiment was to compare conception rates and litter size in ewes 

inseminated at a fixed time after artificial synchronisation of oestrus using 

conventional progestagen pessaries with ewes inseminated after synchronisation using 

the repeated, intermittent vasectomised ram exposure programme developed in 

Chapter 3. 

8.3 MATERIALS AND METHODS 

8.3.1 ANIMALS AND EXPERIMENTAL PROCEDURES 

The study was conducted at Cockle Park Research Farm, Northumberland (55° 13'N), 

using multiparous mule ewes (Swaledale x BluefacedIBorder Leicester) that had been 

previously isolated from ram contact (not within 500m). During September, ewes 

(n=155) were exposed to vasectomised rams (n=3) for 24 hours on Days 0 (September 

7th
), 17 and 34 of the experiment. Raddle marks were recorded at the end of each 

exposure and raddle colour was changed before the next exposure period to monitor 

continued or first incidence of oestrus. On Day 35 a random selection of ewes that had 

not been marked by the vasectomised rams during the exposure periods were 

allocated to Group AS (Artificially Synchronised; n=55). The remaining unmarked 

and marked ewes were allocated to Group RS (Ram Synchronised; n= 1 00). 

8.3.1.1 ARTIFICIALLY SYNCHRONISED EWES 

AS ewes were treated for 13/14 days with an intravaginal progestagen pessary (60mg 

medroxyprogesterone acetate, Veramix sponge, Upjohn, UK) inserted on Day 36 

(ASA; n=25) and Day 37 (ASB; n=32) of the experiment. The insertion of the 

intravaginal sponges was staggered to permit removal of the progestagen pessary and 

artificial insemination of the ewes over a 3 day period with each ewe having had a 
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minimum synchronisation period of 13 days. Intravaginal pessaries were removed on 

Day 49 (ASA; n=23), Day 50 (ASA; n=2, ASB; n=17) and Day 51 (ASB; n=15) . 

These ewes were drafted off from the main group and inseminated between 50-56 

hours after sponge removal (Bright et al., 1998) on Days 1, 2 and 3 of the 

insemination protocol respectively. After insemination ewes were maintained at 

pasture with the inseminated RS ewes. One week after insemination raddled entire 

rams (n=4) were introduced to detect and mate any ewes not conceiving to the 

inseminated service. Ewes were subsequently maintained according to conventional 

farm practice until lambing when date of lambing and number of lambs born were 

recorded. 

8.3.1.2 RAM SYNCHRONISED EWES 

Raddled vasectomised rams (n=2) were introduced to RS ewes on Day 50 (27th 

October) and remained with the ewes for four days. Raddle marks were checked on 

the morning of Days 51, 52 and 53 and any marked ewes were drafted off and 

inseminated within 4 hours of drafting on Days 1 (n=20), 2 (n=14) and 3 (n=6) of the 

insemination protocol respectively. After insemination ewes were maintained with the 

AS ewes as outlined above. 

8.3.2 RAM SEMEN COLLECTION 

Semen was collected using an artificial vagina (Dan Fawcett Consulting Ltd, Cumbria) 

and immediately placed in a thermo stable water bath (30°C) prior to assessment. 

Each semen sample was evaluated by the same operator to provide continuity in the 

subjective assessment of density and motility. After collection, the volume of the 

ejaculate was recorded and scored for motility and density. Wave motion was 

assessed by placing a small droplet of semen on a microscope slide and evaluated 

using the scale in Table 8.1 at a magnification of (x 10). Density of the sample was 

assessed subjectively using the scale in Table 8.2. The number of ewes to be 

inseminated with each sample was calculated using the equation below to estimate the 

total live number of sperm. The ejaculate was maintained in a thermo stable water 

bath (30°C) diluted and used within 1 hour of collection. All rams used were of the 

same breed (Texel) and multiple ejaculates were taken from each ram to inseminate 

the ewes in heat on that day. Each ejaculate was independently assessed and its 

166 



suitability verified prior to use in the insemination procedure and no more than three 

ej aculates were taken from any ram. 

Equation for calculation of numbers of ewes to be inseminated per ejaculate 

Number of live 
sperm in ejaculate = 

Volume x Number of sperm (as derived from the density 
score) x Motility 

Based on each ewe requiring 0.1 x 109 sperm (Dan Fawcett, personal communication) 

the total number of live sperm calculated above is divided by 0.1 x 109 sperm to give 

the number of ewes that can be inseminated with that ejaculate. 

Dilution of semen 

Semen was diluted according to the motility score of the semen. For example, if the 

sample was scored with a 5 for motility it was diluted 1 part semen to 5 parts UHT 

milk. 

The numbers of AS and RS ewes inseminated each day were balanced as far as 

possible (within the numbers available) to minimise any bias effect of ram fecundity 

on anyone group. For each ewe the AI pipette was loaded with OAml of diluted 

semen and withdrawn from the tip by drawing up O.2ml of air. The pipette was held in 

cotton wool to provide thermal stability between preparation and use. Between 

inseminations the AI pipette was wiped using dry paper towel. 
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Table 8.1 Scoring system for wave motion - (Bright et al., 1998) 

Score Class Description 

5 Very good dense, very rapidly moving waves. Individual sperm 

cannot be observed. More than 90% of the sperm are active. 

4 Good Vigorous movement, however waves and eddies are not as 

rapid as those in score 5. About 70 to 90% of the sperm are active. 

3 Only small, slow moving waves. Individual sperm may be observed. 

About 40 to 65% of sperm are active. 

2 Poor. No wave motion forming, but some movement of sperm is 

visible. About 20 to 40% of sperm are active. 

1 Very poor About 10% of sperm active. Possible to observe slight 

'flickering' of sperm with poor motility. 

0 Dead. No movement apparent 

Table 8.2 Concentration of ram semen assessed for consistency - (Bright et al., 1998) 

Density Number of sperm per ml 

Thick creamy 4.5 x 109 

Creamy 3.5 x 109 

Thin creamy 3.0 x 109 

Milky 2.0 x 109 

Cloudy 0.7 x 109 

Clear (watery) Insignificant 
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8.3.3 INSEMINATION PROCEDURE 

The ewe was restrained using the "over the rail" technique (Salamon, 1976) and held 

firmly during the insemination procedure. The vulva was cleaned using warm water 

and paper towel. A well-lubricated speculum was inserted vertically into the entrance 

to the vagina, gently rotated 90° and opened to show the vaginal canal. The entrance 

to the cervix was viewed using a pen torch and any unusual observations or excessive 

vaginal mucus were recorded. The tip of the AI pipette was then inserted into the first 

folds of the cervix, the diluted semen deposited and the speculum closed and retracted. 

The time and date of insemination, ram and ram ejaculate were recorded for each ewe. 

A single inseminator conducted all inseminations. Between inseminations the 

speculum was disinfected using a non-spermicidal disinfectant (Decon 90; Dan 

Fawcett Consulting Ltd, Cumbria) and wiped dry. 

8.3.4 DATA ANALYSIS 

Data relating to conception rates was analysed by binary logistic regression (Minitab 

1.7) with treatment, factors relating to the pre-insemination procedure (ram 

synchronised ewes: marked by rams during the 1St, 2nd or 3rd exposure period; 

artificially synchronised ewes: date of sponge insertion) and parameters relating to 

insemination procedure included in the regression analysis. The effect of treatment 

and the above parameters related to the pre-insemination and insemination procedure 

on the numbers of ewes having single twin or triplet lambs was analysed by ordinal 

logistic regression. 
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8.4 RESULTS 

Ram synchronised ewes had a significantly greater conception rate than artificially 

synchronised ewes (60% versus 21%, RS and AS ewes respectively; P<O.Ol). Date 

and time of insemination, date of sponge insertion, ram used and ejaculate number 

had no significant effect on conception rates. Within the RS ewes, ewes marked by 

the vasectomised rams one cycle prior to insemination had a significantly lower 

conception rate than those ewes first marked by vasectomised rams on the day of 

insemination (44% versus 92%; P<0.05). There was no significant effect of being 

marked by the vasectomised rams two cycles prior to mating (n=3) on conception 

rates (33% versus 62%; P>O.I). 

Within ewes lambing to the inseminated service there was no significant difference in 

the numbers of RS and AS ewes having single (48% versus 50%) twin (48% versus 

42%) or triplet (4% versus 8%) lambs. This was also reflected by the similar mean 

litter size (1.57 ± 0.13 versus 1.58 ± 0.19, RS and AS ewes respectively). Furthermore 

there was no effect of date and time of insemination, date of sponge insertion, whether 

ewes had been previously marked by the vasectomised rams, ram used or ejaculate 

number on the proportion of ewes having single, twin or triplet lambs. 

There was no significant difference between treatments in the numbers of ewes that 

were barren, aborted or died during the experiment (4% versus 0%; RS and AS ewes 

respectively). 
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8.5 DISCUSSION 

The higher conception rate within ram-synchronised ewes is in agreement with 

previous studies where insemination of ewes to a natural rather than artificially 

induced oestrus resulted in comparably higher conception rates (Robinson and Moore, 

1967). However the conception rates of both artificially and ram synchronised ewes in 

this study are markedly lower than previously reported with fresh semen in other 

studies (artificial, 21 % versus 52% Maxwell, 1986, 70% Donovan et al., 2004; natural, 

60% versus 70%; Jonmundsson, 1986,82% Donovan et al., 2004). 

A considerable number of factors affect fertility to artificial insemination including 

inseminator, ram, breed, stress and progestagen type (Oleson, 1993). However in this 

study, parameters relating to the insemination procedure were the same for all ewes 

and regression analysis found no significant effect of any of the parameters on 

conception rates to the inseminated service. With respect to the ewes mated to a 

natural oestrus, the double drafting procedure used by Donovan et al., (2004) is likely 

to be a preponderant factor in the greater conception rates in their study of ewes 

inseminated to a natural oestrus. This type of double drafting procedure allows 

detection of ewes at an optimal time of insemination relative to detection of oestrus. 

Oleson (1993) identified an optimal time of cervical insemination with frozen semen 

at 15-20 hours after detection of oestrus. Therefore by drafting ewes off once per day 

a proportion of ewes will be inseminated before or after the optimal time relative to 

ovulation. 

With respect to the artificially synchronised ewes, the time of AI relative to sponge 

withdrawal in this study (50-56 hrs) is marginally earlier than that recommended by 

Maxwell, (1984) at 55-56 hrs after sponge withdrawal. However Donovan et al., 

(2001) found no significant effect of a 6-hour difference in conception rates of ewes 

cervically inseminated with frozen semen. The use of vasectomised rams to detect 

ewes in oestrus after sponge withdrawal markedly improves conception rates to 

artificial insemination. Therefore the insemination of ewes at a fixed time rather than 

in combination with oestrous detection using vasectomised rams is likely to have 

contributed to the lower conception rates observed in this study. Furthermore the type 

of progestagen used for oestrus synchronisation has been shown to markedly affect 

conception rates due to the distribution of oestrus after sponge withdrawal (Pearce et 
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al. 1984). Gordon, (1983) compared conception rates in ewes synchronised by 

intravaginal pessaries treated with medroxyprogesterone acetate (MAP) or 

flurogestone acetate (FGA) when mated to natural service and artificial insemination. 

Though there was no comparative difference in conception rates in ewes mated by the 

rams, there was a significant advantage of using FGA when ewes were artificially 

inseminated (Gordon, 1983). In this study ewes were synchronised using a 13/14-day 

MAP protocol in contrast to Donovan et al., (2004) where ewes were synchronised 

using FGA intravaginal pessaries. Therefore, I propose that the use of MAP sponges 

and the absence of vasectomised rams to detect oestrus in the artificially synchronised 

ewes were two of the factors contributing to the depressed conception rates in this 

study. 

The comparative depression of conception rates in both ewes inseminated to a natural 

and artificially induced oestrus may also be directly related to my inexperience in 

cervical artificial insemination. Inseminator skill is a major determining factor in 

conception rates and litter size in artificially inseminated ewes (Oleson, 1993) 

therefore, I propose that my relative inexperience in this technology contributed to the 

observed conception rates in this study. 

Ram synchronised ewes marked by vasectomised rams during the oestrous cycle prior 

to insemination had significantly lower conception rates than ewes marked by 

vasectomised rams for the first time immediately prior to insemination. This is in 

contrast to the findings by Berg and Aaamdal (1991) where ewes inseminated to the 

second oestrus of the breeding season had higher conception rates compared to ewes 

inseminated to the first oestrus. Expression of behavioural oestrus requires a period of 

progesterone priming (Robinson, 1954) thus the first ovulation of the breeding season 

is typically silent (Karsch, 1984). The ram-synchronised ewes were exposed 

periodically to vasectomised rams every 17 days from the transition into the breeding 

season. Therefore ewes marked by vasectomised rams during the oestrous cycle prior 

to insemination are likely to have had a full oestrous cycle either stimulated 

coincidentally by the advancing photoperiod or by the ram exposure approximately 

one oestrous cycle length prior to insemination. Ram presence during a natural or 

artificially induced follicular phase advances the onset and reduces the duration of 

oestrus (natural: Fletcher and Lindsay, 1971; artificial: Romano et al., 2000; 2001) 
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and advances the LH surge and ovulation (artificial: Maxwell, 1984, Lucidi et al., 

2001; natural: Cahill et al., 1974; Lindsay et al. 1975). Therefore, I propose that the 

repetitive exposure of receptive and thus marked ewes to rams at the interval of 

approximately one cycle length is likely to cause a gradual shift in the time of oestrus 

and ovulation. Asynchrony between ovulation and insemination is one of the most 

common causes of reproductive wastage in artificially inseminated ewes due to 

ageing of either the sperm or oocyte (Lucidi et a/., 2001). Delayed insemination 

relative to the time of ovulation is typically associated with fertilisation of aged 

oocytes and reduced embryo viability and survival rates in a number of species (sheep; 

McEvoy et al., 1995, cattle; Dalton et al., 2001). Therefore, I propose that the 

depression in conception rates in ewes marked during the oestrous cycle prior to 

insemination was due to asynchrony between ovulation and insemination induced by 

an effect of the rams during the final exposure period 17 days prior to insemination 

that was further aggravated by vasectomised ram introduction for oestrous detection 

the day prior to insemination. This theory is supported by the exceptionally low 

conception rates of fence-line ram exposed ewes mated during the first 24 hours of 

ram introduction in Chapter 3 that was curtailed in subsequent studies by entire ram 

introduction at 16 rather than 17 days after the final ram exposure period. 

The absence of any significant difference in litter size between ram synchronised and 

artificially synchronised ewes is in agreement with findings of Donovan et al., (2004) 

and Mitchell et at., (1999) where there was no significant difference in litter size 

between ewes mated to a natural or artificially induced oestrus. Oleson (1993) 

estimated a depression in litter size of 0.2-0.4 lambs in ewes artificially inseminated 

compared to natural service. Our results concur with this estimation as from Chapter 3 

the ewes naturally mated during the same autumn had a litter size ranging from 1.8 to 

2.2 lambs per ewe. However Donovan et a/., (2004) identified a significantly greater 

depression in litter size in ewes inseminated with frozen-thawed semen and 

inseminated to an artificially synchronised oestrus than in ewes inseminated to a 

natural oestrus. Therefore as the method of ram synchronisation in this study permits 

insemination to a natural service, it may be that it has potential applications to the 

improvement of litter size in ewes inseminated with frozen-thawed semen. 
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In summary, short-term, repeated exposure of ewes to rams during the transition into 

the breeding season compacted the oestrous activity of 40% of ram-synchronised 

ewes over a three-day insemination period. The conception rate of these ram

synchronised ewes was significantly greater than ewes artificially synchronised by a 

I3-day medroxyprogesterone acetate treatment. However the particularly low 

conception rates are likely to be a product of a less than optimal time of insemination 

of these ewes relative to progestagen withdrawal. 
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9. INVESTIGATION INTO THE EFFECT OF RAM EXPOSURE 

TOWARDS THE END OF AN ARTIFICIAL SYNCHRONISATION 

PROTOCOL ON EWE FERTILITY AT THE SYNCHRONISED 

OESTRUS 

9.1 ABSTRACT 

Application of the "ram effect" to synchronisation protocols has focused around ram 

exposure post sponge removal but relatively little is known about the effect of ram 

exposure prior to sponge removal. Within a previous study, ewes were exposed to 

rams during the last three days of a progestagen synchronisation protocol and this 

resulted in a rapid increase in LH concentrations and an earlier LH surge (Evans et al., 

2004). However this response was accompanied by a depression in conception rates. 

It was speculated that this was due to an impact of the ram exposure on follicle 

development and resultant asynchrony between time of ovulation and mating when 

rams were introduced at 48 hours post sponge removal. The aim of this experiment 

was to further investigate the impact of exposure to rams during the last three days of 

a progestagen synchronisation protocol in conjunction with ram introduction for 

mating at 24 hours post sponge removal. During October, 133 mule ewes underwent a 

14 day synchronisation protocol commencing on Day O. Ewes were divided into 

control (SC, n=67) or ram-exposed (SR, n=66) groups and on Day 11 rams were 

introduced to SR ewes and remained with ewes until sponge withdrawal. SC ewes 

remained in continued isolation from rams prior to mating. On Day 14 at sponge 

withdrawal, rams were removed from SR ewes and SR and SC ewes were mixed. 

Raddled entire rams (n=14) were introduced for mating at 24 hours post sponge 

removal and raddle marks were checked every 4 hours from 28-72 hours post sponge 

removal. There was no difference between groups in the numbers of ewes mated 

(97% versus 97%) or lambing to the first service (74% versus 77%). However more 

SR ewes yielded single lambs (39% versus 15%; P=0.007) and this led to an overall 

depression in litter size (1.76 ± 0.10 versus 2.10 ± 0.10; P<O.OI). The similar numbers 

of SC and SR ewes mated and conceiving to the synchronised service indicates 

improved synchrony between ovulation and mating when rams were introduced at 24 

hours post sponge removal. However, I hypothesise that ram introduction at 24 hours 

antagonised the effects of the ram exposure prior to progestagen withdrawal, resulting 
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in timing of the LH surge when a limited number of follicles were capable of 

responding, thus reducing ovulation rate and litter size. 
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9.2 INTRODUCTION 

Intravaginal progestagen sponges are commonly used to synchronise the oestrous 

cycles of ewes during both the breeding and non-breeding season (Robinson, 1974). 

The sponge mimics the action of a corpus luteum through provision of an artificial 

source of progesterone sufficient to suppress gonadotrophin production. Removal of 

the sponge removes the progestagen block and induces synchronous re-instatement of 

gonadotrophin release and subsequent ovulation in treated ewes. 

Exposure of previously isolated anoestrous ewes to a ram induces an instantaneous 

increase in pulse frequency of luteinising hormone (LH) (Martin et al., 1986). The 

majority of research investigating the interaction between exposure to rams and 

controlled breeding programmes has focused on the influence of the ram after 

removal of the artificial progestagen (Lewis et al., 1974) and have been undertaken 

predominantly during anoestrus (Romano et al., 2001). Several studies have identified 

an earlier onset of oestrus and shorter duration of oestrus as a result of continuous ram 

presence post sponge removal (Maxwell, 1986; Romano et al., 2000; 200 I) 

Previous work has shown that ewes under the influence of progesterone show an 

increase in LH pulse frequency in response to ram introduction (Martin et al., 1983b). 

The persistent endocrinological ability of the ewe to respond to the ram, even under 

the influence of the artificial progestagen, denotes a possible novel opportunity to 

influence follicle development prior to sponge withdrawal. Previous work in cattle has 

shown that removal of the progestagen block at the end of the synchronisation 

protocol does not reliably result in a synchronous onset of ovulation due to varying 

stages of follicle development at, sponge removal (Roche et al., 1999). Similar 

observations have been made in sheep synchronised during the breeding season, due 

to an impact of stage of the oestrous cycle at sponge insertion on follicle size at 

sponge withdrawal (Leyva et al., 1998). 

We had originally hypothesised that a ram-induced increase in LH prior to sponge 

withdrawal may result in uniform growth of follicles and an optimum stage of follicle 

development at sponge removal, due to the importance of LH in the growth and 

development of the ovulatory follicle(s) (Ginther et al., 2001). Therefore, within a 
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previous study (Evans et ai., 2004) we exposed ewes to rams during the last three 

days of a progestagen synchronisation programme, undertaken during the breeding 

season, and examined the impact of this pre-mating ram exposure on LH 

concentrations (whilst still under the influence of the progestagen) and the timing of 

the LH surge, oestrus and ovulation (post sponge withdrawal). This previous study 

(Evans et ai., 2004) identified a significant increase in LH concentrations in response 

to the pre-mating ram exposure and the ram-exposed ewes had a more rapid onset of 

oestrus, shorter oestrous period and an earlier LH surge and ovulation compared to 

control ewes. However the number of ram-exposed ewes mated at and conceiving to 

the synchronised service was lower than that of control ewes. The ram-exposed ewes 

that did conceive had comparable litter size to control ewes (Evans et ai., 2004). 

Therefore it was suggested that the LH response induced by the pre-mating ram 

exposure had as hypothesised accelerated follicle development but that this had 

resulted in some of the ewes reaching the end of their fertile oestrous period when the 

rams were introduced for mating at 48 hours post sponge removal (Evans et ai., 2004). 

The reduction in overall reproductive performance may also have occurred due to a 

negative effect of the pre-mating ram exposure on the functional competency of the 

oocyte, embryo or corpus luteum (Evans et ai., 2004). 

The aim of this study were to investigate further the negative effects of a pre-mating 

ram exposure (during the last 3 days of an artificial synchronisation protocol) upon 

fertility. Specifically, my aim was to determine whether ram introduction at 24 hours 

post sponge withdrawal eliminates the previously observed depression in conception 

rates within ram-exposed ewes. 

9.3 MATERIALS AND METHODS 

9.3.1 ANIMALS AND EXPERIMENTAL PROCEDURES 

During October, 133 multiparous mule ewes (Swaledale x BluefacedlBorder Leicester) 

(which had been previously isolated from ram contact) were treated for 14 days with 

an intravaginal progestagen pessary (60mg medroxyprogesterone acetate; Veramix 

sponge, Upjohn, UK) inserted on Day 0 of the experiment. Ewes were maintained on 

pasture at Cockle Park Research Farm, Newcastle upon Tyne (55°13'N) and were 

allocated to ram-exposed (SR; n=66) and control groups (SC; n=67), balanced on age 

and parity. SR ewes commenced their pre-mating ram exposure on Day 11 and rams 
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(n= 14) remained with the ewes for the duration of the progestagen treatment. Control 

ewes remained isolated from the rams during the experimental period prior to mating. 

Rams were removed from the SR ewes at sponge withdrawal on the fourteenth day of 

the experiment. 

Twenty four hours after sponge withdrawal, raddled rams were introduced for mating 

(n=7 per group of 66 or 67 ewes; random mix of SC and SR ewes). Raddle marks 

were checked at 4-hour intervals from 4 to 72 hours post ram introduction to detect 

the oestrus. Rams were removed at 72 hours after ram introduction, raddle colour was 

changed and rams were reinstated with ewes 14 days later to observe any ewes not 

conceiving to the first service. The ewes were maintained subject to conventional 

farm practice until lambing when the number of lambs and date of lambing were 

recorded. 

9.3.2 DATA ANALYSIS 

Data sets were analysed using the ANOVA procedures of SAS (SAS version 6.12, 

Cary, North Carolina, USA) or chi square analysis. Data are presented as frequency 

(%) or the mean ± sem as appropriate. 

9.4 RESULTS 

There was no difference between SR and SC groups in the number of ewes mated to 

first service (Table 9.1). Furthermore there was no difference in conception rates to 

the first service or in the number of ewes first mated at the second service (Table 9.1). 

Within ewes lambing to first service, more SR ewes yielded single lambs (P<O.Ol; 

Table 9.1) and this differential in lambs born per ewe resulted in a lower litter size 

within SR ewes (P<O.Ol). There was no difference between SR and SC groups in the 

number of ewes lambing to subsequent services or those that were barren, culled or 

died during the experiment. 
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Table 9.l. The effect of exposure of ewes to rams during the last three days of 

progestagen treatment on time of mating, conception rates to first service and litter 

size ($ P<O.l, * P<O.05,** P<O.Ol, *** P<O.OOl) 

Control + Ram P 

Number of ewes synchronised 67 66 

Number of ewes mated at 1 st service at: 

0-24h from ram introduction 44 34 $ 
(%) (66) (52) 

24-48h from ram introduction 21 29 

(%) (31) (44) 

48-72 h from ram introduction 0 1 

(%) (0) (2) 

Total for 1st service 65 64 

(%) (97) (97) 

Ewes first mated at second service 2 2 
(%) (3) (3) 

Ewes lambing mated at 1 st service at 

0-24h from ram introduction 31 27 
(%) (70) (79) 

24-48h from ram introduction 17 21 
(%) (81) (72) 

48-72 h from ram introduction 0 1 
(%) (-) (-) 

Total to I It service 48 49 
(%) (74) (77) 

Ewes lambing to I st service having 

I lamb 7 19 ** 
(%) (15) (39) 

2 lambs 30 23 
(%) (61 ) (47) 

>2 lambs 11 7 
(%) (23) (14) 

Mean (± sem) number of lambs per ewe (1st service) 2.10 ± 0.10 1.76 ± 0.10 ** 
Ewes lambing to subsequent services 14 14 

(21) (21) 
Ewes that were barren, aborted, died or were culled 5 3 

(7) (3) 
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9.S DISCUSSION 

Within a previous study at the University of Newcastle, Evans et al., (2004) observed 

a depression in conception rates when ewes underwent a pre-mating ram exposure 

whilst under the influence of an artificial progestagen but observed no effect on litter 

size. Evans et ai., (2004) had hypothesised that the depression in conception rates was 

due to the ewes being at the end of their fertile oestrous period when ram introduction 

for mating was delayed until 48 hours post sponge withdrawal. This hypothesis was 

based on an observed increase in LH concentrations when ewes were exposed to rams 

at a comparable stage of the synchronisation protocol that was associated with an 

advanced onset of oestrus, LH surge and ovulation (Evans et al., 2004). Therefore by 

not introducing ram exposed to rams until 48 hours post sponge removal (Evans et al., 

2004), the oocyte may have been placed at a greater risk of tubal ageing prior to the 

first opportunity for fertilisation. This theory is supported by the observed 

deterioration in embryo quality in ewes not introduced to rams until 48 hours post 

sponge withdrawal (Hawken et al., 2005). Within the current study there was no 

difference between the numbers of control and ram-exposed ewes mated at or 

conceiving to the first service which suggests an improved synchrony between mating 

and ovulation when rams were introduced at 24 hours post sponge withdrawal. 

Delayed insemination of ewes post sponge removal significantly reduces the number 

of embryos capable of developing into functional offspring (McEvoy et al., 1995). 

Therefore, I propose that the absence of a depression in conception rates in this 

study indicates optimal coordination of the time of mating and ovulation in both the 

control and ram exposed ewes. 

The depression in litter size in ram-exposed ewes observed in this study was not 

observed by Evans et al., (2004) thus suggesting an effect of the ram introduction 

itself at 24 hours post sponge withdrawal that in conjunction with the pre-mating ram 

exposure negatively affected litter size. Lucidi et al., (2001) identified a significant 

increase in LH concentrations and an advanced onset of the LH surge and ovulation 

within ewes introduced to rams at 24 hours post sponge withdrawal compared to those 

isolated from rams post sponge withdrawal. This evidence suggests that additional 

gonadotrophin production stimulated by ram introduction post sponge withdrawal 

may have antagonised the effect of the pre-mating ram exposure on follicular 

development. The time available for folliculogenesis is critical determinant of 
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ovulation rate as ovulatory follicles are those with sufficiently developed LH 

receptors within the granulosa and thecal cells at the time of the pre-ovulatory LH 

surge (Webb and England, 1982; Scaramuzzi et al., 1993). Ewes exposed to rams at a 

comparable stage of the progestagen synchronisation treatment demonstrated an 

advanced timing of the LH surge (Evans et al., 2004) comparable to that seen in 

super-stimulation procedures in cattle. In these studies (D'Occhio et al., 1999) the 

dominant and more structurally advanced follicles drive the LH surge leaving 

insufficient time for complete development of all other potential ovulatory follicles 

(Webb and England, 1982). This effectively reduces the pool of follicles 

developmentally capable of responding to the LH surge and ovulating, thus 

depressing the ovulation rate (D'Occhio et al., 1999). Within the ewe, several studies 

have identified the development of a persistent dominant follicle when ewes are 

exposed to sub-luteal levels of progesterone that permits elevated levels of LH whilst 

ewes are still under the influence of the artificial progestagen (Flynn et al., 2000; 

Evans et al., 2001). This elevation in LH is similar in both timing and magnitude to 

that observed by Evans et al., (2004) in ewes exposed to rams towards the end of a 

synchronisation protocol. Therefore, I propose that the ram-induced increase in LH 

towards the end of the progestagen treatment may cause development of more 

structurally advanced pre-ovulatory follicles at sponge removal. The size and status of 

these follicles may have prevented selection of additional ovulatory follicles due to 

the elevation of oestradiol and inhibin associated with large follicles (Baird and 

Campbell, 1998). Therefore, I propose that the presence of a large preovulatory 

follicle at sponge withdrawal that may have developed as a consequence of a ram 

induced elevation in LH (Evans et al., 2004) prevented selection of further ovulatory 

follicles that coupled with advanced stimulation of the LH surge resulted in an overall 

depression of ovulation rate and litter size. 

The negative effects of excessive levels of LH during folliculogenesis on embryo 

quality are reported within synchronisation protocols in cattle (Revah and Butler, 

1996; Mihm et al., 1999) and in polycystic ovary syndrome in women (Homburg, 

1998; Fiicori, 1999). The detrimental effects of prolonged exposure of follicles 

elevated LH are mediated by premature disruption of granulosa cell communication 

which causes early resumption of meiosis, abnormal oocyte maturation and ovulation 

of an aged and inferior oocyte (Filcori, 1999; Mihm et al., 1999) leading to embryo 
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loss and reproductive wastage. However it is unlikely that the ram induced increase in 

LH concentrations had any negative effect on oocyte or embryo quality due to the 

failure to detect any such detrimental effects in eCG treated ram-exposed ewes 

(Hawken et al., 2005). These observations are also in agreement with Evans et ai, 

(2004) where neither oocyte nor embryo quality were affected by prolonged exposure 

to elevated LH induced by sub-luteal levels of progesterone during the 

synchronisation protocol. 

In summary, the exposure of ewes to rams towards the end of a synchronisation 

protocol combined with earlier ram introduction (24 hours versus 48 hours post 

sponge removal) for mating appeared to improve the synchrony between time of 

mating and ovulation resulting in no difference in conception rates to the 

synchronised service. I hypothesise however that the depression in litter size observed 

in this study that was not seen in a previous study when rams were introduced for 

mating at 48 hours post sponge removal (Evans et al., 2004) was due to the ram 

introduction at 24 hours itself inducing an elevation in levels of LH. We suggest that 

this further antagonised the effect of the ram induced elevation in LH prior to sponge 

withdrawal resulting in a large and dominant pre-ovulatory follicle that stimulated the 

LH surge at a point where only a limited number of follicles were developmentally 

capable of responding to the endocrine signal, thus reducing ovulation rate and 

consequently the number of lambs born per ewe. 
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10. GENERAL DISCUSSION AND CONCLUSION 

The timing of the ram exposures during the transition into the breeding season has 

been shown in this thesis to be an effective method of stimulating a synchronous onset 

of cyclic activity in the seasonal mule ewe. I will discuss the reasons for this and the 

parameters affecting the reliability and predictability of this response. The repeated 

exposure of ewes to rams after the onset of cyclicity appears to have had some 

residual affect on the distribution of oestrus at mating. Therefore the endocrine 

response to ram introduction of cyclic ewes will be discussed in an attempt to fathom 

the mechanisms and effect of a ram induced increase of LH in cyclic ewes. Finally the 

ever-complicated maiden ewe and the role of prior experience with the ram will be 

discussed relative to the observations within this thesis and previous work in this area. 

10.1 RAM INTRODUCTION TO EWES DURING LATE ANOESTRUS AND 

THE TRANSITION INTO THE BREEDING SEASON. 

Martin et al., (1986) criticised the use of anoestrus to describe the physiological state 

of ewes during the non-breeding season due to the requirement of ram presence to 

detect oestrus and the subsidiary effects of the ram on the physiological state of the 

ewe. Similarly in this study the terminology for the timing of ram exposures during 

anoestrus and the transition into the breeding season have similar classification 

problems. This is due specifically to the effect of socio-sexual cues from rams, con

specifics and also stress on the onset of cyclic activity. 

The factors affecting the magnitude and timing of the LH response to ram 

introduction and interactions between them are shown in Figure 10.1 relative to the 

onset of cyclic activity in the ewe. 
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Figure 10.1 Schematic representation of the factors affecting the timing of the onset of 

cylic activity in the ewe. Vertical arrows indicate a direct effect on the onset of 

cyclicity in the ewe. Horizontal arrows indicate an interaction between two factors 

that affects the stimulus value or response of the anovular ewe to that stimulus. A 

question mark indicates a possible but as yet undetermined interaction between two 

factors. 
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10.1.1 THE ONSET OF CYCLIC ACTIVITY 

Chapters 5 and 7 illustrated that ram introduction to mule ewes during the transition 

between anoestrus and the breeding season stimulates an increase in LH pulse 

frequency and mean and basal LH concentrations. Therefore the introduction of rams 

to anovular ewes during early September in Chapters 3 and 4 is likely to have 

stimulated a similar endocrine response. However the proportion of ewes responding 

to the rams, ovulating and subsequently maintaining a normal pattern of cyclic 

activity is dependent on the type and duration of ram exposure. 

The evidence within Chapter 4 indicates that continued ram presence during the 

transition into the breeding season is more effective in stimulating the onset of cyclic 

activity than short-term 24-hour exposure to the ram. However based on the 

observations in short term ram exposed ewes in Chapters 3 and 4, I propose an 

association between changing photoperiod and the potency of the 24-hour ram 

exposure. At the time of the first ram exposure period, ewes exposed to the ram 

stimulus for only 24 hours that ovulated in response to the ram effect had to be at a 

specific physiological state relative to follicle dynamics and seasonality to respond to 

the ram with an LH surge and ovulation. Any ewes not at this optimal state will not 

ovulate or ovulate but have a short oestrous cycle and in the absence of continuous 

ram presence return to an anoestrous endocrine state (Pearce and Oldham, 1984). The 

timing of the second short term ram exposure period closer to the proximity of the 

natural breeding season but at a time when a high proportion of ewes are still anovular 

is likely to be a more successful stimulant. This theory is based on previous studies 

that show a greater ovulatory response to the ram effect closer to the natural breeding 

season (Oldham and Cognie, 1980; Rosa and Bryant, 2002). A proportion of ewes are 

again likely to respond with a short oestrous cycle (Martin et al. 1986) or a delayed 

ovulation (Ungerfeld et al., 2002). However I propose that the declining photoperiod 

will support the maintenance of normal cyclicity. This theory is based on the direct 

relationship between date of ram joining relative to the natural breeding season and 

the proportion of ram exposed ewes returning to anoestrus (Oldham and Cognie, 

1980). In contrast, ewes maintained in continuous ram presence (Chapter 4) from 

early September had an earlier onset of cyclic activity and proportionately more ewes 

baving three oestrous cycles prior to mating. This would indicate that in continued 

ram presence, the physiological state and follicular dynamics of the ewe are less 
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important in the success of initiation of cyclic activity by the ram and more critical in 

determining the subsequent distribution of oestrus. 

10.1.2. THE LH RESPONSE TO RAM INTRODUCTION 

What is important in stimulating the onset of cyclic activity? 

I have outlined above the success of the ram in stimulating the onset of reproductive 

activity in anovular mule ewes. However the LH profiles from ewes in Chapters 5 and 

7 show inconsistencies in the LH responses of ewes that are detected or not detected 

with an LH surge or luteal function within 6 days of ram introduction. Therefore the 

question is raised as to what characteristics of the ram induced LH response are the 

most critical to the stimulation of an LH surge and ovulation? 

Martin et al. (1986) identified LH pulse frequency as the primary determinant of 

stimulation of ovulation by the ram effect. However within Chapters 5 and 7, LH 

pulse frequency after ram introduction was not the sole determinant of the detection 

of an LH surge or of luteal activity within 6 days of ram introduction. This in 

agreement with the findings of Oldham and Pearce (1983) who found that the increase 

in LH pulse frequency during the first 4 hours of ram introduction was not an accurate 

indication of whether ewes went on to ovulate or not within 72 hours of ram 

introduction. Martin et al., (1986) postulated that this might be due to a stress

suppressed response by the process of blood sampling or a gradual but critical 

response that was not evident within the frrst few hours of ram introduction. 

In Chapter 7, ram naIve ewes had numerically higher basal concentrations of LH in 

addition to greater LH pulse frequency after ram introduction. These same ewes had 

an earlier LH surge relative to the time ram introduction and a greater proportion of 

ewes (38%) were detected with the onset of the LH surge prior to the sampling period 

(18 hours after ram introduction). Within the model for follicular development 

proposed by Scaramuzzi et al., (1993) the transition from gonadotrophin-responsive 

follicles to gonadotrophin-dependent follicles is dependent on increased 

concentrations LH but it is not critical that it is pulsatile. Therefore I propose that the 

association between a parallel increase in LH pulse frequency and basal LH affects 

the timing (rather than the occurrence) of the LH surge by a synergistic effect on 

follicle development. 
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The selection of the sampling period between 18 and 44 hours after ram introduction 

was based on the review by Martin et ai., (1986) where the reported mean timing of 

the LH surge was between 20 ± 3 and 40 ± 2 hours after ram introduction. However in 

both Chapters 5 and 7 there were a number of ewes with an onset of cyclic activity 

within 5 days of ram introduction that were not detected with an LH surge within this 

time period. This may be at least in part a factor of the stage of follicle development 

within the follicular wave at the time of ram introduction. Ungerfeld et ai., (2002) 

found that within a sample of anoestrous ewes, 27% did not ovulate in response to the 

ram effect until Day 6 after ram introduction. Within these ewes the largest follicle 

present on the day of ram introduction had emerged 3 to 5 days earlier and was in the 

static or regressing phase when rams were introduced. Therefore the proportion of 

ewes that showed an acute response to ram introduction but that subsequently were 

not detected with an LH surge in the sampling period may have been at an 

inappropriate stage of the follicular wave respond instantly to ram introduction. 

The period after ram introduction is typically the main focus of investigations into the 

ram effect. However within Chapter 7, I observed a significant association between 

LH concentrations before ram introduction and whether ewes were detected with an 

LH surge after ram introduction. The depth of anoestrus within more seasonal breeds 

of ewe is a reflection of LH pulse frequency during the anoestrous period driven by 

the sensitivity of ewes to the negative effects of oestradiol (Thomas et aI., 1984). The 

ram naIve ewes in Chapter 7 had significantly greater LH pulse frequency than ram 

experienced ewes both before and after ram introduction and 90% of ewes were 

detected with an LH surge. This relationship between LH concentrations prior to ram 

introduction and the magnitude and ovulatory success of the ram-induced response 

may provide a potential new area of investigation for enhancing the ovulatory 

response through modification of the endocrine milieu prior to ram introduction. 

Therefore I conclude that the characteristics of the LH response after ram introduction 

can be a good indicator of the relative timing of the LH surge however they are not 

necessarily a good indication of whether ewes ovulate or not in response to ram 

introduction. I propose that the pre-ram introduction endocrine milieu, stage of 

follicle development and the maintenance of an LH response to ram introduction are 
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the vital aspects in whether a ewe IS stimulated to ovulate In response to ram 

introduction. 

10.1.3 THE INFLUENCE OF STRESS 

Acute stress, such as transport, can stimulate the onset of cyclic activity in a number 

of species (pigs: Hughes, 1982; sheep: Braden and Mou1e, 1964). Within Chapter 3, 

the ewes maintained in isolation from the ram stimulus (control ewes) that were blood 

sampled twice weekly for the duration of the pre-mating period had a markedly more 

compact distribution of mating than control ewes that were maintained undisturbed at 

pasture. The progesterone data from the blood sampled ewes showed that this 

compact distribution at mating originated from the onset of the breeding season. 

Furthermore within the anoestrous serial bleed trials (Chapters 5 and 7) a proportion 

(5-20%) of anovular ewes had the onset of the first oestrous cycle of the breeding 

season during the blood sampling period prior to ram introduction. Van Lier et al., 

(1998) identified a direct relationship between handling of sheep and an increase in 

cortisol. The trauma associated with the simple process of handling is further 

highlighted by the work of Khalid et al., (1998) where handling was associated with 

the greatest stress response, irrespective of whether ewes were subsequently 

inseminated by laparoscopic or cervical artificial insemination. 

The mechanism through which stress stimulates this onset of cyclic activity remains 

unclear and there is much contradiction in the literature as to positive or negative 

effects of stress on reproductive function in sheep (Review, Tilbrook et al., 2002). It 

has been proposed that there is a rebound of GnRH release after habituation to the 

stressor and that this rebound in gonadotrophin release is sufficient to stimulate 

ovulation in an anoestrous animal (Tilbrook et al., 2002). This is of particular 

relevance during the transition into the breeding season where elevation in LH over an 

equivalent duration of the follicular period can be sufficient to induce ovulation and 

the first oestrous cycle of the breeding season (Karsch, 1980). Furthermore sporadic 

increases in progesterone during the transition into the breeding season play a critical 

role in synchronising follicular dynamics and typically occur within 1 week of the 

onset of the first cycle of the breeding season. Van Lier et al., (1998) identified a 

parallel increase in extragonadal progesterone in response to infusion of cortisol and a 

direct association between the process of handling and extragonadal progesterone. 
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Therefore during this transitional period, sporadic rises in progesterone induced by 

stress may have affected the onset of cyclicity. 

This therefore raises the question as to the comparative benefit of the use of 

vasectomised rams for the ram exposure periods over fence line ram exposure 

observed within Chapter 3. Anoestrous ewes respond to the ram effect with an 

optimal endocrine and ovulatory response when they are exposed to the full 

complement of socio-sexual cues associated with the ram (Pearce and Oldham, 1988). 

The compaction in breeding was comparatively greater in the ewes exposed 

repeatedly to the vasectomised rams thus supporting this theory, however as outlined 

above there was also a marked compaction in the distribution of the control ewes. The 

question therefore arises as to the contribution of stress to the compacted distribution 

of mating within the vasectomised ram exposed ewes. To determine if this were the 

case, a further experiment would have to be conducted that directly compared the 

vasectomised and fence-line ram exposures in the absence of blood sampling. 

10.1.4 THE EFFECTS OF NUTRITION 

Nutrition has a more important role in determining the 'seasonality' in breeds of 

sheep native to less temperate climates (Karsch et a/., 1984) and is a critical 

determinant in the ovulatory response of goats and tropical breeds of sheep to the 

male effect. However the role of nutrition in modulating the responses of ewes to the 

ram effect is more questionable (Knight, 1983). Nonetheless the capacity for nutrition 

to affect the endocrine responses of bucks to the female effect (Walkden-Brown et a/., 

1994) and evidence in rams of a direct modulation of LH pulse frequency (Boukhliq 

and Martin, 1997) postulates that there may be a more primary role of nutrition than 

that previously perceived. Ewes in Chapter 7 had enhanced aspects of the LH 

response both before and after ram introduction than maiden ewes in Chapter 5 and 

though no direct comparison can be made due to year differences the most marked 

difference between the two years (aside from prior ram experience) was nutritional 

supplementation. An effect of nutrition may be dependent on the physiological state 

of the ewe at the time of supplementation. However the capacity for nutritional 

manipulation of the endocrine milieu prior to ram introduction may present a 

mechanism for overriding the 'depth of anoestrus' of seasonal breeds of sheep. 
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10.2 THE EFFECT OF RAM INTRODUCTION TO CYCLIC EWES 

Chapter 6 identified that introduction of a ram during the breeding season to randomly 

cyclic ewes stimulates an LH response irrespective of the stage of the oestrous cycle 

at the time of ram introduction. This is the first demonstration of the ability of ram 

exposure to elicit an endocrine response in randomly cyclic ewes. However the 

limited numbers of ewes in each stage of the oestrous cycle restricted statistical 

analysis to ewes in the early and late luteal phase. The magnitude and characteristics 

of the response of ewes in the late luteal phase are comparable to those observed after 

ovulation in pregnant ewes by AI-Gubory (1998). During the luteal phase pulsatile 

LH is suppressed by the synergistic action of progesterone and oestradiol on GnRH 

release (Karsch et al., 1977). Pearce and Oldham (1983) proposed that an increase in 

LH pulse frequency in ovariectomised ewes (implanted with progesterone and 

oestradiol) was mediated though a reversal of the negative effects of progesterone and 

oestradiol on LH release. However Pearce and Oldham (1983) also suggested a 

steroid independent mechanism based on the increase in basal LH in ram exposed 

ovariectomised ewes not implanted with steroids. This basal increase is similar to that 

observed in untreated ovariectomised anoestrous ewes (Martin et al. 1983c) and may 

suggest a dual mechanism in the stimulation of LH release by the ram. 

Within Chapter 3, I observed a greater compaction of mating than that observed at the 

onset of the breeding season and hypothesised that this developed during the pre

mating period through an effect of the ram on cycle length. The capacity for the cyclic 

mule ewe to respond to ram introduction with an increase LH supports several of the 

mechanisms outlined in Chapter 3 that I proposed may be altering the distribution of 

oestrous cycles during the breeding season. Furthermore within Chapter 4, the 

digression in the median date of oestrus in ewes maintained in continuous ram 

presence and introduced to novel rams at the same 17 -day interval further supports the 

capacity for periodic ram introduction to alter the distribution of mating within cyclic 

ewes. This also raises the issue of novelty; as to whether the ewes maintained in 

continuous ram presence had an LH response when novel rams were introduced and 

the possible effect of this on follicle development and characteristics of the oestrous 

cycle. 
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Figure 10.2 summarises the proposed possible mechanisms of the effects of ram 

introduction on ewes at different stages of the oestrous cycle. The possibility of a 

luteolytic role of LH at the end of the luteal phase is of particular interest in this 

mechanism based on the decline in progesterone over the serial bleed period at a rate 

greater than that associated with luteolysis and the occurrence of an LH surge. This 

area requires further investigation to offer anything other than speculative 

conclusions. However within Chapter 6 the ewes that had a rapid decline in 

progesterone after ram introduction and were detected with an LH surge were also 

those that responded with a defined and large increase in LH pulse frequency to ram 

introduction. 

The presence of only one ewe in the follicular phase restricts any meaningful 

discussion of the effects of the ram at this time. However evidence of an advanced LH 

surge relative to the timing of oestrus in cylic ewes identified by Lindsay et ai., 

(1975) in addition to the observed increase in basal and mean LH concentrations in 

Chapter 6 infers that ram introduction at this time has the capacity to affect the time of 

ovulation. This is supported in the observation in ram synchronised ewes in Chapter 8 

where ewes marked during the oestrous cycle prior to artificial insemination had 

significantly lower conception rates compared to ewes first marked by the 

vasectomised rams immediately prior to mating. I proposed that this was due to 

asynchrony between ovulation and mating due to the repeated exposure of oestrous 

ewes to the ram resulting in a cumulative shift in the timing of ovulation relative to 

the first ram exposure period. This theory is supported by the large proportion of 

repeated fence line ram exposed ewes in Chapter 3 that did not conceive to the first 

service when mated during the first day after entire ram introduction; 17 days after the 

last ram exposure period. Furthermore the permanent ram exposed ewes in Chapter 4, 

had a persistent significant decline in the number of days from raddle colour change 

to marking by the vasectomised rams. This decline in the absence of additional or 

novel stimuli infers a possible persistent effect of the ram during the follicular phase, 

even in ewes maintained in continuous ram presence. 

The capacity of the ewe to respond with an endocrine response to ram introduction 

during the breeding season opens a realm of applications for the ram effect that have 

previously been left relatively unexplored. However the potency for the ram to affect 
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the distribution of oestrus either by affecting the onset of the breeding season or 

through an effect on cyclic ewes may have residual consequences on subsequent litter 

size when entire rams are introduced for mating. Studies in anoestrous ewes have 

indicated a positive effect of ram introduction on ovulation rate (Cognie et a/., 1980; 

Pearce and Oldham, 1984). However these studies have recurrently been without an 

adequate control (Martin et a/., 1986) and in contrast to the studies in this thesis, have 

been predominantly in the anoestrous Merino ewe. The mule ewe is markedly more 

prolific than the Merino ewe with a comparative lambing percentage of 158% (Cognie 

et a/., 1980) compared to 200% (Control ewes; Chapter 3). 

Based on the observations in Chapters 3 and 4, I propose not necessarily a direct 

effect of the ram induced increase in LH on litter size but an effect mediated by the 

ram driven distribution of oestrus relative to the time of entire ram introduction. 

Within Chapter 3, repeated ram exposed ewes tended to have a lower litter size than 

ewes isolated from rams prior to mating. Within Chapter 4, repeated ram exposed had 

a significantly lower litter size than single ram exposed ewes. I outlined two 

mechanisms through which the repeated ram exposure may have resulted in the 

increased frequency of single and reduced frequency of multiple births (Chapter 4). 

Both of these mechanisms related specifically to the distribution of mating when 

entire rams were introduced during the breeding season driven by an effect of the ram 

on the timing of the LH surge relative to luteolysis. The capacity for elevated LH 

towards the end of the luteal phase to affect litter size by a depression in ovulation 

rate is evident in Hawken et a/., (2005) and Chapter 9. Within Chapter 9, I 

hypothesised that the reduction in litter size in ram exposed was driven by an effect of 

the ram-induced increase in LH on follicle development prior to progestagen 

withdrawal. 
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Figure 10.2. Summary of the effects and possible consequences of ram introduction to 

cyclic ewes 
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10.3 THE ROLE OF PRIOR EXPERIENCE WITH THE RAM ON THE 

ENDOCRINE AND BEHAVIOURAL RESPONSES OF THE EWE TO 

SUBSEQUENT RAM INTRODUCTION. 

Chapters 5 and 6 showed no difference in any parameters of the LH response to ram 

introduction in ewes with or without prior experience with the ram during the 

anoestrous period. This is in contrast to my initial hypothesis that prior experience 

with the ram would enhance the endocrine responses of the maiden ewe to ram 

introduction. However prior experience with the ram during anoestrus did modulate 

the behavioural responses of maiden ewes. Ram experienced maiden ewes showed 

more ram seeking behaviour, less avoidance behaviour of the ram and spent more 

time in close proximity of the ram. A summary of the roles of the various factors 

associated with the neuroendocrine and behavioural responses of the sexually naIve 

maiden ewe to the ram is outlined in Figure 10.3. 

Behavioural responses to introduction of a potential mate typically require a degree of 

learning in both males and female (Review, Gelez and Fabre-Nys, 2004). This is true 

of the ram (Kridli and Said, 1999) and the importance of sexual experience in the 

development of appropriate oestrous behaviour may be the primary origin of the 

reduced level of fertility observed in maiden ewes. This theory is based on the 

absence of a pattern of neurotransmitter release in the medial basal hypothalamus that 

is critical to receptivity and proceptivity of the ewe to the ram (Gelez et al., 2004a). 

However within Chapter 5, the maiden ewes were not mounted by the vasectomised 

rams during the pre-conditioning ram exposure period, which is thought to be critical 

in the development of the pattern of neurotransmitter release outline above. Therefore 

modification of the behaviour of maiden ewes by mere exposure to the ram indicates a 

direct effect of the socio-sexual cues on the subsequent behavioural and social ram to 

ewe interactions. I propose that this may be due to a reduced fear of the ram or 

identification of the ram as a potential mate. 

Within rodents, endocrine responses to the opposite sex are elicited independent of 

prior sexual experience (Vandenburgh, 1974). The absence of an effect of prior 

experience with the ram on the endocrine responses of maiden ewes observed in this 

thesis is in agreement with those of Gelez et al., (2004c) who found no difference in 

the endocrine responses of sexually naIve and experienced maiden ewes to ram 
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introduction. The capacity for the ram to advance the onset of puberty (AI-Mauly et 

al., 1991) and the significant increase in parameters of the LH response in response to 

ram introduction in all ram naIve ewes in this thesis indicates an innate ability of the 

maiden ewe to respond to ram introduction. This is in agreement with the female 

effect in rams, where the endocrine response to the introduction of oestrous ewes is 

not dependent on prior sexual experience (Gonzalez et al. 1991). However it is of 

interest that this endocrine response is enhanced by prior sexual experience (Gonzalez 

et al., 1991; Borg et al. 1992). Within Chapter 5 there was a tendency for maiden 

ewes with prior experience with the rams during anoestrus to have an enhanced 

increase in LH pulse frequency and a greater frequency of normal length oestrous 

cycles after ram introduction. Though these observations were neither significant nor 

represented in the ram-experienced ewes in Chapters 6 or 7, this does highlight the 

relative uncertainty as to the role of prior experience in the endocrine responses to 

ram introduction. As it is not an absolute effect of occurrence or non-occurrence of 

the LH response in addition to individual within breed variation it is difficult to 

ascertain whether the trends observed in Chapter 5 are important are not. 

From Chapters 5, 6 and 7, I have determined that the endocrine response to the ram is 

not dependent on prior experience with the ram. However it would appear that 

stimulation of the ewe using only the scent of the ram is a learned response. Gelez et 

al., (2004c) found that ram experienced maiden ewes responded to exposure to rams 

fleece with a significant increase in LH pulse frequency compared to ram naIve 

maiden ewes that did not respond with an increase in LH pulse frequency. The 

capacity for olfactory learning in the ewe was demonstrated relative to the endocrine 

response to the ram by Gelez et al., (2004c) by preconditioning sexually naIve maiden 

ewes to males or females scented with lavender and males not scented with lavender. 

On subsequent exposure to a lavender scented female fleece, ewes previously 

maintained with lavender scented males showed a characteristic increase in LH pulse 

frequency that was not evident in ewes maintained with lavender scented females of 

non-lavender scented males (Gelez et al., 2004c). Therefore I propose that the critical 

factor associated with learning or experience in the endocrine response to the ram is 

the capacity for the ewe to respond to anyone of the stimuli associated with the ram 

with a comparable endocrine response to that stimulated by introduction of a ram. 
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However the ram naive ewes exposed to rams fleece alone did show a significant 

increase in basal LH. This may suggest that the steroid independent response to ram 

introduction evident in ovariectomised ewes during both anoestrus (Martin et aI., 

1983c) and the breeding season (Pearce and Oldham, 1983) may be mediated by a 

different mechanism. The accessory olfactory system cannot substitute for the main 

olfactory system in mediating the olfactory response to ram introduction (Gelez and 

Fabre-Nys 2004). However Fos activation of both olfactory systems when rams are 

introduced (Gelez and Fabre-Nys 2004) indicates that it does have a role in the 

endocrine response. Therefore based on the association between this system and the 

innate responses to primer pheromones, I propose that the ram induced increase in 

basal LH may be mediated through the accessory olfactory system. 

Within Chapter 7, the significantly greater LH pulse frequency both before and after 

ram introduction in the ram naive ewes illustrates a different pattern to that observed 

within Chapters 5 and 6. The ram naIve ewes repeatedly had (non-significantly) 

higher pulse frequency before ram introduction however the pulse frequency after ram 

introduction was parallel to that observed in the ram experienced ewes. The reason for 

this is unclear and though I proposed a possible role of the proximity of the pre

conditioning ram exposure to the onset of anoestrus, the differences in pulse 

frequency before ram introduction may be merely due to chance. 

An additional complicating factor in the role of prior male experience is related to the 

management of ewes between birth and puberty. Within Chapters 5, 6 and 7, I have 

proposed that the ewes are ram na·ive, however as they are bought into the research 

facility, I have no information on their management pre-weaning. In male mice, 

rearing in mixed sex groups affects the sexual competency of mice however this is 

typically due to the presence of oestrous females within the group (Woodson 2002). 

However though male and female lambs are unlikely to be maintained in mixed 

groups post puberty due to the likelihood of untimely fertilisation, the maintenance of 

lambs prior to weaning in mixed groups may modify subsequent behavioural and 

endocrine responses to the ram. 
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Neuroendocrine response to ram 
introduction 

• To ram - innate 
• To ram pheromone alone -learned 
• Responses dependent on: 

Live weight 
Physiological development 
Pre-weaning management 
Prior ram experience??? 

Behavioural responses to ram introduction 
• Receptivity to the ram 

- Learned 
• Proceptivity to the ram 

- Learned 
• Identification of the ram as a mate 

- Learned 

Figure ) 0.3 Summary of endocrine and behavioural responses of the sexually naive 

maiden ewe to the ram 
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10.5 FUTURE AREAS OF STUDY 

The studies within this thesis have highlighted several areas that reqUIre further 

investigation to determine the presence and relevance of certain effects. 

The effects of ram introduction during the breeding season require definitive 

investigation to determine the effects of ram introduction to ewes at different stages of 

the oestrous cycle. The primary problem that I encountered in monitoring the effects 

of ram introduction on oestrous cycle length during the breeding season (Chapters 3 

and 4) was due to the twice-weekly blood sampling regime. The possible change in 

cycle length stimulated by the ram is likely to be gradual and easily masked by this 

relatively low frequency of sample collection. Furthermore in Chapter 6 the 

unbalanced and small numbers of ewes at each stage of the oestrous cycle restricted 

the analysis of the effect of ram introduction on LH release in cyclic ewes. I would 

propose staggered artificial synchronisation of groups of ewes (I 00 ewes per group) 

to obtain groups at different stages of the oestrous cycle at sponge removal. After a 

delay of one oestrous cycle length (to avoid any confounding effects of progestagen 

synchronisation) entire rams would be introduced and raddle marks recorded daily for 

two oestrous cycle lengths from the date of entire ram introduction. I would then 

follow the ewes through to lambing to deduce any effects of the ram on litter size. A 

subset of each treatment group would be slaughtered on Day 5.5 after mating and the 

uterine tracts recovered and assessed for the number of corpora lutea and embryo 

quality as in Hawken et al., (2005). A further subset (10-12 ewes per group) of the 

each group would be removed prior to ram introduction to the main flock to undergo a 

frequent blood-sampling regime for 6 hours before and 6 hours after ram introduction. 

Maintenance of the frequency of the blood sampling at every 12 minutes would be 

sufficient for ewes in the luteal phase, however based on observations in Chapter 6, 

this sampling frequency would be insufficient to detect the rapid low amplitude pulses 

associated with the follicular phase of the oestrous cycle. For ewes in the follicular 

and late luteal phase, two hourly samples would be taken from the cessation of the 

frequent sampling period to 72 hours after ram introduction to detect an LH surge. 

Therefore to detect definitive pulses at this stage of the oestrous cycle, sampling 

frequency would need to be set at every 2-4 minutes (Martin et al., 1986). I would use 

ultrasound to monitor follicle emergence and development before and after ram 

introduction. Ultrasound scanning has been well established to provide an accurate 
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assessment of follicle development (Ungerfeld et al., 2002; Vinoles et al. 2003). The 

use of ultrasound would provide an indication of the events leading up to ovulation 

and possible explanations for any group differences observed in the uterine tracts at 

slaughter. 

The issue of prior experience with the ram still requires further investigation to draw 

definitive conclusions as to any effect of prior ram exposure on the endocrine 

response to ram introduction. This area is very difficult to conclusively assess due to 

the interactions with age, live weight, stage of physiological development and 

seasonality. Within the studies in this thesis, I were restricted by the numbers of ewes 

due to the logistics of taking frequent blood samples from a large number of ewes. I 

would propose a series of carefully executed experiments using maiden ewes and 

primiparous ewes. Primarily I would propose a longer (1 month) ram exposure period 

during mid-anoestrus and the timing of the breeding season ram exposure period (1 

month) earlier in the breeding season to avoid any confounding effects of the 

transition between the breeding season and anoestrus. The rams used for these 

exposure periods should be raddled and the frequent blood samples taken from the 

ewes before and after ram introduction to determine whether they respond to ram 

introduction with an LH response during this pre-exposure period. When the rams are 

subsequently introduced during late anoestrus, I propose assessment again of the LH 

profile before and after ram introduction in combination with monitoring 

concentrations of oestradiol and follicle development using ultrasound scanning. I 

propose that this would allow correlation between the specific characteristics of the 

LH surge and follicle development. The difficulties that I encountered in accurately 

determining the timing of the LH surge could be overcome by an extended period of 

two hourly samples from immediately after the cessation of the frequent sampling 

period up to 72 hours after ram introduction. The inclusion of primiparous ewes 

would permit conclusions to be drawn between the ram experienced, ram naive and 

adult ewes that have been mated, conceived and lambed. 

Within Chapter 4, I hypothesised high proportion of ewes initially stimulated by the 

24 hour ram exposure period affected the onset and possibly subsequent distribution 

of oestrus in the remaining anovular ewes. Studies into the female to female effect 

have focused on the effect of anovular females and though evidence is equivocal, 
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O'Callaghan et al., (1994) identified a non-significant increase in LH pulse frequency 

and 2-day advance on the onset of cyclic activity. I propose that there may be a 

positive association between the stimulus value of oestrous ewes and the proximity of 

the natural breeding season. Based on the observations in Chapter 4 in the single ram 

exposed ewes I also propose an critical role of the proportion of ewes in oestrus at any 

one time on their cumulative effect on anovular ewes. Furthermore based on the 

capacity for females within other species (McClintock, 1973) to affect the distribution 

of oestrous cycles, I hypothesise that introduction of a high proportion of ewes at the 

same stage in the oestrous cycle may affect the cyclic distribution of ewes. 

To investigate the above theories, I would propose a flock scale trial composed of two 

levels of the intensity of oestrous ewe contact (50 and 75%) and the three levels of 

proximity to the breeding season (early September and late September and mid 

October). These dates are proposed based on observations in Chapters 3 and 4 of a 

large proportion of ewes being anovular but markedly more responsive to ram 

introduction than during early September and most ewes being cyclic by the 

beginning of October. The oestrous ewes would be artificially synchronised one 

oestrous cycle prior to introduction again so that it is a natural rather than an 

artificially induced oestrus that could affect the signals from the female. Progesterone 

concentrations should be measured daily to determine definitively if there is any 

effect of oestrous ewes on the onset of cyclic activity and distribution of oestrous 

cycles once ewes are cycling. Raddle mark data after the introduction of entire rams 

will support this data by indicating the distribution of oestrus within ewes exposed at 

different times and to different levels of oestrous ewe contact. However the ram 

introduction itself may affect the distribution hence the importance of the daily 

progesterone data and would have to be considered in interpretation of the results. A 

schematic protocol diagram is shown in Figure 10.4. 

There are several further areas that I believe should be further investigated as listed 

below: 

• The endocrine response to novel ram introduction during different stages of 

the oestrous cycle and in anovular ewes maintained in continued ram presence. 

• The effect of different planes of nutrition on the LH pulse frequency before 

and after ram introduction and the ovulatory response to the ram effect. 
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Figure 10.4 Schematic diagram of an investigation into the female-to-female effect in anovular and 

cyclic ewes 
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10.6 CONCLUSION 

The capacity of the mule ewe to respond to ram introduction with an endocrine 

response during the transition into and during the breeding season illustrates the 

potential for manipulation of reproduction using socio-sexual cues in UK sheep 

production systems. However altering and focusing the distribution of reproductive 

activity will also amplify any positive or negative effects of an external factor on ewe 

fertility. This could be applied positively through incorporation of the pre-mating 

strategies outlined in this thesis with a period of focused feeding. Martin et al .. (2004) 

identified the potential for specific timing of nutritional supplementation during the 

oestrous cycle in increasing ovulation rate and reducing early embryo loss. The 

predictability of the distribution of oestrus and flexibility in the timing of mating 

permitted by these breeding season strategies, make them particularly relevant to this 

type of nutritional enhancement of fertility. Conversely any negative effect on fertility 

such as the possible ram induced depression in litter size is also amplified due to the 

large numbers of ewes all at the same stage of the oestrous cycle. 

A difficult aspect in the investigation of the effect of socio-sexual cues on 

reproduction in sheep is the effect of stress on the parameters measured and 

observations made. Handling and blood sampling of ewes is critical to accurately 

determine the effect of the ram on the endocrine state of the ewe. However these 

processes themselves appear to have the capacity to alter the endocrine state and 

parameters associated with the onset of cyclic activity and timing of oestrus. 

Therefore the relevance of the endocrine response observed in blood sampled ewes to 

that occurring in a parallel group of undisturbed ewes is questionable. 
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