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1. Introduction
In sheep and goats of both sexes, exposure to a prospective 
mate can elicit a dramatic, almost instantaneous change in 
the secretion of reproductive hormones. For example, in 
anovulatory females, exposure to males increases the tonic 
(pulsatile) secretion of luteinising hormone (LH) and 
this response can lead to a preovulatory surge of LH and 
ovulation. This phenomenon, known as the ‘male effect’, 
has generated considerable interest since it was initially 
documented for sheep in the 1940s (1) and for goats in 
the 1960s (2). The interest might have fluctuated over the 
decades (3) but research on the male effect continued 
primarily because of its potential value for controlling 
reproduction, a simple and cost-effective way to produce 
out-of-season offspring, and to synchronise mating in a 
flock or herd so that parturition, weaning, and marketing 
can be better managed (4). Recently, new levels of interest 
have been generated by increasing consumer demand 
for hormone-free methods of animal production, with 
the male effect now seen as an alternative to exogenous 
hormones and thus a cornerstone of ‘clean, green, and 

ethical’ livestock management (5–7). However, despite 
decades of research, significant gaps in our knowledge 
still impede the commercial application. Some of the most 
important of these gaps originate from misconceptions 
reported in the early documentation of the male effect that 
have led to uncontrolled factors in experimental design, 
as reviewed by Delgadillo et al. (8). As a consequence, it 
is often difficult to draw conclusions from past research, 
further our understanding of the male effect, and make 
recommendations for using it as a management tool. 

Perhaps the most obvious example is the importance 
of the novelty of males as a critical determinant of their 
ability to elicit the male effect (9–14), despite which the 
novelty of stimulus males used in experiments was rarely 
reported. In hindsight, it seems obvious that novelty 
has been largely overlooked because, in the initial 
documentation of the phenomenon, a key observation 
was misinterpreted: in 3 independent studies, researchers 
found that ewes in continual contact with rams did not 
cycle indefinitely but entered seasonal anoestrus. This 
outcome was interpreted as evidence of habituation (or 
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refractoriness) to the male stimulus (1,15,16). The authors 
did not consider the possibility that ewes were only 
habituated to the specific males with which they were in 
continual contact, and might still respond to unfamiliar, 
or novel rams. Consequently, for both sheep and goats, the 
dogma evolved that females needed to be preconditioned 
by a period of complete separation from all males if the 
male effect was to induce ovulation. Some 3 decades 
later, Oldham and colleagues correctly suggested that 
females might only become habituated and unresponsive 
to specific males (17,18). However, the dogma persisted 
and, since then, very few studies have described how male 
novelty was controlled.

This issue is particularly important when the 
experimental design has involved repeated exposure 
of females to males. For example, in their study on the 
effects of body condition and short-term nutritional 
supplementation on the response of ewes to the male effect, 
Scaramuzzi et al. (19) rotated rams regularly to ensure 
an even stimulus and avoid the variability associated 
with individual rams. This was a logical protocol, but the 
management of ram novelty was not considered. The male 
effect clearly worked, but it is impossible to say whether 
the outcome, with respect to responses to treatment, 
would have been affected. 

Failure to control for male novelty has also led several 
authors to make a second misleading recommendation – 
that a month of separation or less is sufficient to renew the 
ovulatory response of females to familiar males (20–22). 
Again, it is not clear whether the males used in these 
studies were novel or ‘familiar’. Recent studies in our 
laboratory have challenged this recommendation from 2 
perspectives: first, separation of the sexes did not enhance 
the response of females to new, novel males; second, a 
month of separation was not sufficient to ensure a full LH 
response (i.e. increased LH pulse frequency followed by an 
LH surge), even in the highly sensitive Merino genotype 
(13). 

It is thus difficult to interpret the outcomes of many 
studies because the authors rarely state the length of time 
that females were separated from males, or whether the 
same or different males were reintroduced after the period 
of separation. This situation is further complicated by 
ambiguity over the physical distance or barriers necessary 
to prevent transmission of sociosexual stimuli between 
treatments (few authors report the method of separation 
or the degree of separation).

Another factor that is often not controlled or reported 
is the ‘potency’ of the stimulus males – the ability of males 
to elicit a neuroendocrine response in females is influenced 
by previous exposure to females and nutrition, age, sexual 
behaviour, and perhaps sexual experience (23–27).

Finally, interpretation is complicated by variation 
among authors in the definition of the endpoint of their 

experiment (e.g., LH pulse frequency, LH concentration, 
ovulation, births). Extrapolation from one endpoint 
to the next is risky, especially where there is no clear 
statement about whether the same males were present 
from initial stimulation (e.g., LH secretion) through to the 
preovulatory LH surge and ovulation, or whether males 
were exchanged with ‘new’ (perhaps novel) males as the 
experiment progressed.

In this paper, we will identify and discuss the 
uncontrolled factors that have led to, or may lead to, 
misconceptions about the male effect. Specifically, we 
will focus on the problems associated with uncontrolled 
factors related to the male stimulus, and on the difficulties 
in interpreting the outcomes from studies with different 
endpoints. 

2. Separation of the sexes – is it really necessary? 
In the early documentation of the male effect in sheep, ewes 
in continual contact with rams did not cycle indefinitely but 
showed normal seasonal patterns of reproductive activity 
(1,15,16). For example, Riches and Watson (15) observed 
that ewes in continuous association with rams become 
anoestrus, and interpreted this outcome as evidence 
of habituation (or refractoriness) to the male stimulus. 
Schinckel (16) came to the same conclusion and suggested 
that the male effect relied upon the ‘sudden’ introduction 
of ewes to rams after a long period of separation, and 
that continuous association of ewes with rams depressed 
breeding activity and extended the length of anoestrus. 
Subsequent studies, based on simultaneous observation of 
ovulation as well as oestrus, confirmed the early findings 
(28) (Figure 1).

For decades, therefore, it was accepted that females 
needed to be preconditioned by a period of complete 
separation from all males to enable the male-induced 
ovulation (8). This understanding evolved into a general 
recommendation that females should be separated from 
males for a minimum of 1 month to optimise their 
ovulatory response to the male effect (29), although it is 
not clear how or when this recommendation came about. 
There certainly seems to be little scientific justification to 
support it and many researchers have chosen to err on the 
side of caution and separate the sexes for several months 
before an experiment (30–34). In other cases, it has been 
suggested that less than a month of separation is sufficient 
to renew the responsiveness of the ewes. For example, 
Oldham and Cognié (21) reported that the proportion of 
Ile-de-France ewes ovulating in response to rams did not 
differ between periods of separation of 21 days and 120+ 
days. Similarly, Oldham (20) found that ewes ovulated in 
response to rams after as little as 17 days of separation. 
Cohen-Tannoudji and Signoret (22) suggested that as little 
as 24 h of separation of the sexes was sufficient for rams 
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to retain their ability to stimulate pulsatile LH secretion 
in ewes. However, none of these reports specified whether 
the males were familiar (i.e. the ewes were reexposed to 
the same rams) or novel to the ewes. We now know that 
this distinction is important, both for interpretation of the 
data and for practical application of the male effect. We 
directly addressed the issue by observing changes in the 
pulsatile secretion of LH in ewes exposed to the same rams 
after 15 min or 1 month of separation and comparing their 
responses with those observed in ewes exposed to novel 
rams (13,14). After a month of separation, reexposure 
of ewes to the once-familiar rams increased pulsatile LH 
secretion (P < 0.05) in 6 out of 8 ewes. However, the LH 
response was smaller than that seen in ewes exposed to 
completely novel rams and led to a preovulatory LH 
surge in only 2 of the 6 ewes. Furthermore, in a second 
experiment we showed that reexposure to familiar rams 
after 17 days of separation was not sufficient to alter even 
the pattern of pulsatile LH secretion in ewes (13).

These observations are important for 3 reasons: first, 
they challenge the standard recommendation of a month 
of separation for application of the ram effect; second, they 
challenge the assumption that the male-induced increase 
in pulsatile LH secretion definitively leads to an LH surge 
(not to mention ovulation and lambing); third, there seem 
to be degrees of novelty – completely familiar rams have 
no effect on LH secretion, but familiar rams taken away for 
a month and then returned elicit only a partial response, 
and completely novel rams elicit the full LH response.

The interpretation of results is confused also by 
ambiguity over the definition of ‘separation’, particularly 
with respect to guaranteeing blockade of transmission of 
all of the male stimuli. Male odour alone can elicit an LH 
response in anovulatory females in both sheep and goats 
(35–38), but the response to the male effect is maximised 
by exposure to the full complement of male sociosexual 
stimuli (9,39). Despite wide acceptance of the potency 
of these stimuli, few studies report how they prevented 
their transmission between ‘separated’ males and females. 
Furthermore, no studies have specifically tested the 
distance over which females can receive olfactory, visual, or 
auditory stimuli from males. It is therefore often impossible 
to determine whether separation was actually achieved 
and thus whether the stimulus males were partially or 
completely novel to the females. Given the sensitivity 
of females to olfactory stimuli, it is also possible that 
animal handlers moving between treatments could have 
accidentally transferred stimulatory signals. In some cases, 
the authors themselves have recognised that the degree of 
separation used was not sufficient – for example, Walkden-
Brown et al. (24) reported that 100 m was not sufficient to 
prevent the transmission of sociosexual stimuli between 
male and female goats in one of their experiments. We 
simply do not yet know the minimum distances needed, 
or the types of barriers that will be effective, in preventing 
transmission of sociosexual stimuli from males to females.

In summary, the recommendation that a month of 
separation or less is sufficient to guarantee a full response 
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Figure 1. The annual patterns of oestrus ( ) and ovulation ( ) in a flock (n = 
34) of 4-year-old Merino ewes in the southern hemisphere. The ewes were maintained 
at an approximately constant live weight of 40 kg. During Phase 1, the ewe flock was 
maintained continuously with vasectomised rams. During Phase 2, the flock was 
isolated from rams until 16 October 1975, when the vasectomised rams from Phase 
1 were reintroduced (male symbol and arrow). The shaded columns represent the 
winter and summer solstices. From Oldham et al. (28).
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to the male effect is potentially misleading and may even 
have led to flawed experimental designs in many studies. 
Furthermore, it is simply not possible to either accept 
or reject the conclusions of many studies because, in the 
reports describing them, there was no explicit statement 
about the duration and distance of separation prior to the 
experiment, and no explicit statement about how they 
managed the novelty of the stimulus males. These issues are 
obviously important for research on the male effect itself, 
but they are also important for any study of reproductive 
physiology in which the researchers might not be aware of 
interference from sociosexual stimuli.

3. Novelty of the male stimulus 
Male novelty first emerged as a factor in the efficacy of 
the male effect when Pearce and Oldham (9) showed that 
anovulatory ewes maintained with rams ovulated if they 
were exposed to new, novel rams. Cushwa et al. (10) also 
showed that separation of ewes from all rams prior to 
mating with novel rams did not increase the synchrony of 
lambing compared to ewes that had been maintained with 
rams. The power of novelty is even evident in cyclic ewes 
in which replacement of rams every 17 days can shift the 
distribution of oestrus compared to ewes maintained with 
the same rams (12). These observations were mirrored in 
goats when Véliz et al. (11) showed that maintenance of 
does with bucks did not reduce the proportion of does that 
ovulated in response to novel bucks. In a recent study, we 
directly measured the neuroendocrine response of females 

to novel males and showed that exposure to novel rams 
increased tonic secretion of LH and induced an LH surge in 
all ewes (13,14). Importantly, this series of neuroendocrine 
events did not occur in ewes reexposed to familiar rams 
after only 15 min of separation (Figure 2). Together, these 
observations indicate that females that are continuously 
with males do not completely lose their ability to respond 
to all male stimuli, as suggested in the original reports 
(1,15,16). Instead, the ewes appear to become habituated 
to specific males and only males that are sufficiently novel 
can induce a neuroendocrine response typical of the male 
effect.

4. The biology of ‘novelty’ in the male stimulus
The fact that female sheep and goats respond to novel, but 
not familiar males, allows us to infer 2 important aspects of 
the male effect: i) each individual male must emit specific 
signals that differentiate him from other individual males; 
and ii) females use these signals to differentiate between 
individual males and then form a memory of those 
individual males. These assumptions raise many questions 
regarding individual recognition, memory formation, and 
recall in sheep, all of which lie at the heart of determining 
what makes a novel male ‘novel’.
4.1. Is identity encoded by olfactory stimuli from the 
male?
It would be no surprise that, for an animal that normally 
lives in large groups, surrounded by the sights, sounds, 
and smells of their neighbours, prospective mates, and 

Figure 2. Mean ± SEM concentrations of LH in female sheep in the presence of familiar 
males (–360 to 0 min), and then after the familiar males were removed for 15 min and 
returned ( ), or after the familiar males were removed and replaced 15 min later 
with novel males ( ). The male symbol and arrow at 0 min indicates the time of male 
exchange. Redrawn after Hawken et al. (14).
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offspring, it is important to be able to recognise and 
remember other individuals. Indeed, in sheep, recognition 
of individuals has been demonstrated in several contexts 
– they can differentiate between their own lamb and alien 
offspring (40), show preferences for specific individuals 
(41), remember the faces of specific individuals for over 2 
years (42), and prefer to graze near flock-mates with whom 
they have been raised from birth (43). The evolutionary 
background and complex social environment undoubtedly 
explain the profound effect of sociosexual stimuli on 
the reproductive physiology and behaviour of sheep and 
goats, but no studies to date have investigated how female 
ungulates discriminate between individual males.

To address this issue, it is logical to begin with olfactory 
stimuli because there is general agreement that male 
odour has an important impact on female reproductive 
physiology and behaviour (44) and, alone, can induce 
the entire male effect, from the initial neuroendocrine 
response through to ovulation (44–50). Olfactory stimuli 
are known to mediate individual recognition between 
males and females of other species (51,52) so a logical 
hypothesis is that male identity is encoded primarily by 
an olfactory chemical ‘fingerprint’ or ‘olfactory signature’. 
The ram ‘pheromone’ is purportedly a mix of long-
chain fatty acids (37) and, given the vast variety in such 
molecular structures, it seems feasible that such a mix 
could be sufficiently complex to encode differences that 
would enable ewes to distinguish between individual 
males. This concept of an ‘olfactory signature’ is supported 
by the importance of olfactory memory and recall in 
maternal recognition. In the sheep, the ‘odour signature’ 
of the newborn lamb is carried in the amniotic fluid, and 
the mother learns this signature through brain processes 
that involve recognition and recall (‘olfactory memory’). 
As with the male effect, the chemistry of the molecules 
that are responsible for mother–young recognition is not 
known, but fatty acids and olfactory binding proteins 
appear to be involved (53).

Given the complexity of olfactory stimuli and the 
potential for these stimuli to ‘encode’ individual identity, 
it is difficult to see how a single molecule can be ‘the 
pheromone’ of male goats, as suggested in a recent study 
(54). One possible explanation is that a single major 
molecule carries the basic stimulatory signal for the male 
effect, and that other molecules in the mix modulate the 
response of the female to the major molecule. Interestingly, 
the pheromonal activity of this molecule was dependent on 
oxidisation that was, in turn, associated with the formation 
of new compounds (55). Could these compounds encode 
the identity of that specific male? Further research, possibly 
using this unique model for studying the physiological 
effects of olfactory stimuli, hopefully holds the answer. 

The response of ewes to rams is reportedly maximised 
by exposure to the full complement of sociosexual stimuli 

from rams (9,39). Therefore, it is clear that nonolfactory 
stimuli also are important to the male effect and may be 
involved in the ability of females to differentiate between 
novel and familiar rams. Indeed, the remarkable ability of 
sheep to recognise and remember faces of other sheep has 
been documented in detail (56–59). In a recent study by our 
group, ewes were seen to respond to photographs of rams 
with a small increase in LH secretion – the response was 
muted compared to ewes exposed to the full complement 
of sociosexual stimuli but it can be inferred that visual 
stimuli do play a role in mediating the neuroendocrine 
response of female ungulates to the male effect. Few 
studies have evaluated the role of auditory stimuli in the 
male effect but, in the same study, auditory signals from a 
movie of ewes and rams mating had no effect on pulsatile 
secretion of LH (50). Nevertheless, auditory stimuli might 
still be involved in individual recognition: first, auditory 
signals assist the recognition of lambs by their mothers, 
particularly from a distance (60); second, some breeds 
are more reliant on vocal cues than others (57) and, in 
turn, this could affect the mode or method of individual 
recognition between males and females. 
4.2. How do females determine who is ‘novel’ and who is 
‘familiar’?
Clearly, if females respond only to signals from sufficiently 
novel males, they must be able to remember the individuals 
and, if odour is the major identification system, then they 
must form an ‘olfactory memory’ that they recall and, over 
time, ‘forget’. This leads into the area of memory formation 
and the potential role of neurogenesis in the brain. For the 
higher vertebrates, the long-held dogma was that the brain 
of the mature animal has a fixed number of cells, with 
no scope for repair or growth. During the 1990s, studies 
with song birds, in particular, suggested that this was 
incorrect, at least for brain regions involved with memory. 
This was borne out by studies in mice showing that male 
pheromones that help females to distinguish between 
subordinate and dominant males induce neurogenesis 
in the dentate gyrus of the hippocampus, a brain region 
fundamentally associated with memory (61). We also 
found that the acute LH response of ewes to novel rams 
is associated with a rapid (within 2 h) and robust increase 
in the rate of cell proliferation in the dentate gyrus of the 
hippocampus (14). Importantly, the odour of the new-
born lamb induces cell division in the same region of the 
brain, indicating that neurogenesis is involved in both 
cases of the formation of olfactory memory (62).

The complex neural processes associated with the 
neuroendocrine responses of females to males have been 
investigated (63–65), but none of these studies have 
specifically differentiated between novel and familiar 
males or focused on the role of memory. However, as with 
the involvement of neurogenesis in individual recognition 
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described above, there are many similarities between 
the regions of the ewe brain activated by rams (65) and 
by their new-born lamb (66), so it seems logical to begin 
with the premise that similar pathways are involved in the 
formation and recall of identity in both circumstances. 
Gelez and Fabre-Nys (65) found that the cortical nucleus 
of the amygdala was critical in mediating the LH response 
of ewes to rams. This structure projects to other parts of 
the amygdala involved in olfactory learning, memory, and 
discrimination of individuals (67,68), and also projects 
to several cortical regions, including the piriform and 
entorhinal cortices, both of which are involved in memory 
and learning (68–71). The response of ewes to ram olfactory 
stimuli seems to be at least partially dependent on learning 
the characteristics of rams (38), so these brain regions may 
be responsible for processing olfactory stimuli from rams 
and for combining them with known characteristics of 
the ram, thus allowing identification of novelty and the 
appropriate neuroendocrine response (64).

5. Potency of the male stimulus
The ability of males to induce an endocrine and/or 
ovulatory response in females depends on the presence 
of androgens, as clearly demonstrated by early studies 
showing that wethers (rams castrated before puberty) 
or ewes can induce ovulation if they are treated with 
testosterone (72–74). Likewise, in goats, androgenised 
wethers and does are as effective at inducing oestrus as 
intact bucks (75). Interestingly, high doses of exogenous 
oestrogen also confer wethers and females with the ability 
to induce the male effect (72–74) and to display male sexual 
behaviour (76), suggesting that the aromatase present in the 
male sheep brain (77,78) might mediate these processes. 
Importantly, the circulating concentrations of androgens 
can directly influence both factors that have a clear impact 
on the potency of the male stimulus: the expression of 
sexual behaviour and the production of olfactory stimuli.

In both sheep and goats, males that exhibit high levels of 
sexual behaviour induce ovulation in a higher proportion 
of females than do males with low levels of sexual behaviour 
(11,24,25,39,74). Differentiating between the effects of 
androgen concentrations on olfactory stimuli and sexual 
behaviour is difficult, but Vielma et al. (79) attempted to 
do so in goats by using sedation to control the behaviour 
of bucks. Exposure to sedated bucks initially led to an 
increase in LH pulsatility in does but the response declined 
within 4 h. In contrast, LH pulsatility remained elevated 
for up to 24 h in does exposed to nonsedated bucks (79). 
Thus, in goats at least, male behaviour appears to directly 
contribute to the potency of the male stimulus. Importantly, 
the difference between treatments in the persistence of the 
endocrine response in the females highlights again the 
danger of extrapolating from one endpoint to the next: 

the interpretation of these results would be quite different 
if the experiment had been terminated at, for example, 
2 h. Interpretation of the impact of these results on our 
understanding of the male effect is challenging but it does 
seem possible that the pheromone alone elicits the initial 
neuroendocrine response, after which the persistence 
of a high LH pulse frequency depends on other signals, 
including male behaviour. Either way, it seems that if the 
male effect is to be successful, anovulatory females need a 
sustained and intense exposure to olfactory, behavioural, 
visual and auditory stimuli from males (80). Furthermore, 
if the males produce stimuli of low quality and intensity, 
they could fail completely to induce ovulation or, at the 
very least, induce poor synchrony of oestrus cycles in the 
flock. However, even if we focus on only the aspects of male 
potency that depend on androgens, we need to consider 
the wide variety of factors that affect the hypothalamic–
pituitary–testicular axis. This is the topic of the next 
section of this review.
5.1. Seasonality and genotype
In seasonal genotypes, the secretion of gonadotrophin 
(and thus testosterone) is suppressed in males and sexual 
behaviour declines during the nonbreeding season 
(27,81–84). A priori, we would expect low pheromone 
production, thus providing a combination of factors 
(chemical, behavioural) that limits the ability of males 
to elicit the male effect during the nonbreeding season 
(Figure 3). The degree to which the male reproductive axis 
is suppressed by seasonal changes in photoperiod varies 
with genotype (6,85), so it is logical to expect differences 
among genotypes in the ability of the male to induce the 
male effect. This hypothesis has been supported by several 
studies with sheep – Dorset rams are more effective than 
Suffolk, Romney, Romney × Finn, or Coopworth rams, 
with Merino rams being intermediate between Dorset and 
Romney rams (86–90).

In the more seasonal genotypes of sheep or goats, 
photoperiod is the dominant factor that determines 
annual changes in sexual activity in males (49). 
Consequently, at least in goats, treatment of males with 
artificial short days, characteristic of the breeding season, 
considerably improves the ability of males to stimulate 
females during the nonbreeding season (91). In rams, 
exogenous melatonin (a short-day signal) also improves 
plasma testosterone concentrations, libido, and their 
ability to induce ovulation in anovulatory ewes (92). 
In a more complex scenario, exposing goat bucks to 
artificial long days for 2.5 months, followed by a return to 
natural photoperiod, or by exogenous melatonin, greatly 
improves the proportion of does that exhibit oestrous 
behaviour (91,93). Together, these studies indicate a direct 
relationship between photoperiod and the capacity of 
males to stimulate ovulation in female ungulates.
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5.2. Exposure to females (the ‘female effect’)
In both sheep and goats, exposure of males to oestrous 
females, before or at the same time as their introduction 
to anoestrous females, can also improve the ovulatory 
response of anoestrous females to those males (23,24). 
This increase in the potency of the stimulatory males is 
probably a result of increased secretion of androgen, 
sexual behaviour, and olfactory stimuli induced in the 
males by the sociosexual stimuli from the oestrous 
females (Figure 3). Conversely, Rosa et al. (94) found that 
exposure to oestrous ewes increased the sexual behaviour 
and circulating plasma concentrations of testosterone in 
rams but had no effect on the proportion of ewes that 
ovulated. However, as the authors conceded, the ovulatory 
response was high with all treatments, leaving little scope 
for improvement.
5.3. Nutrition
Nutrition has been shown to increase plasma testosterone 
levels, sexual behaviour, and the odour of goat bucks, and 
to improve their ability to induce ovulation in anoestrous 
does (25). Hillbrick and Tucker (95) also showed that 
nutritional supplementation increased the lipid content and 
concentration of ethyl-branched fatty acid in buck fleece, 
suspected sources of the putative buck ‘pheromone’. Rams 
also show an increase in gonadotrophin and testosterone 
secretion following nutritional supplementation (96), but 

there is currently no evidence that nutrition can be used to 
improve the ability of rams to induce ovulation. 
5.4. Age and sexual experience 
Adult rams are more effective at inducing ovulation and 
oestrus in ewes than yearling rams (26), and oestrous 
ewes prefer to spend time near old, large, and sexually 
active rams (97). These differences could be attributed to 
differences in the physical appearance and behaviour of 
adult males. Alternatively, they may reflect variability in 
the quality of the ram pheromone because more anoestrous 
ewes ovulated after exposure to wool from adult rams 
than to wool from yearling rams (26). Previous sexual 
experience affects the expression of sexual behaviour by 
rams, and sexually experienced rams mate, mount, and 
lick ewes more frequently than sexually inexperienced 
rams (27). Therefore, it seems likely that differences 
between young and adult rams in their capacity to induce 
ovulation are due to the combined effects of maturity and 
sexual experience on pheromone production and on their 
expression of sexual behaviour. 
5.5. Implications of variation in male potency
In summary, there is good evidence that a variety of 
factors affect the ability of males to induce the male effect 
in female ungulates (Figure 3). Most reports explain or 
control for female factors that affect the response, but 

Central 
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system Aromatase 

Sexual 
behaviour 

Pheromone 
Quantity, composition 

Male 
socio sexual 

signals 

 

Photoperiod 
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Nutritional 
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Behaviour 
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Figure 3. Hypothetical relationships among factors that affect the production of 
testosterone and thus the quality and intensity of the male sociosexual signals that 
induce the ‘male effect’ in sheep. Circles containing triangles represent important control 
points. Environmental inputs operate through a variety of pathways that ultimately 
affect the pulsatile secretion of gonadotropin-releasing hormone (GnRH) that, in turn, 
controls the frequency of pulses of luteinising hormone (LH) and the concentrations 
of testosterone. An interaction between genotype and photoperiod is thought to act as 
a ‘filter’ (the stippled area) that alters the neuroendocrine responses to environmental 
inputs, as well as the endocrine and behavioural responses to the sex steroids (96).
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rarely acknowledge or report the relevant male factors. 
This omission makes precise interpretation of the 
data difficult. Moreover, variation in male factors that 
contributes to variation in the response of females could 
be a major limitation to the effective incorporation of the 
male effect into the management of commercial flocks 
(98). Clearly, factors that affect androgen production, 
pheromone production, and sexual behaviour in the males 
used to induce the male effect are important areas for 
investigation. Furthermore, researchers should be careful 
to control and clearly report factors that might affect the 
potency of the male stimulus in future studies.

6. Experimental protocols – variation in endpoint
The literature to date shows wide variation in the 
experimental endpoints of the response to the male 
effect. For example, some studies use ovulation detected 
by laparoscopy as an endpoint [e.g., Pearce and Oldham 
(9)], whereas others use the distribution of lambing [e.g., 
Cushwa et al. (10)]. Clearly, both of these endpoints 
imply stimulation of the hypothalamic–pituitary–gonadal 
axis, but both also involve a significant delay (days to 
months) between the neuroendocrine response and 
observed response. This distinction is important because 
many other factors could have exerted disruptive effects 
(e.g., nutrition, stress, novel males) on the outcome, thus 
making it a challenge to interpret the data. On the other 
hand, if the early response of the reproductive endocrine 
axis (e.g., changes in the pulsatile LH secretion) is used as 
an endpoint, it is risky if not ‘undisciplined’ to extrapolate 
to sustained changes in LH pulsatility, positive feedback, 
LH surge, and ovulation. For example, in our own study, 
all ewes reexposed to familiar rams after a month of 
separation exhibited an increase the secretion of LH, 
but few went on to have an LH surge (13). The risk of 
extrapolation from an initial increase in LH secretion to 
ovulation is compounded by our poor understanding of 
whether the continued presence of the stimulatory males 
is necessary for every stage of the process (47,80) and leads 
to a very basic question: which endpoint should we use 
to define the ‘male effect’? Such issues highlight the need 
to report whether males are present through to ovulation 
and, if so, whether the same males were used throughout. 
Clarity on this issue is also necessary for observations 
after the first ovulation because, if the stimulatory males 
are removed at that point, the ewes do not continue to 
cycle and become anovulatory again (74). Apparently, for 
goats, male presence needs to be continued but can be 
intermittent – for example, daily exposure to bucks for 4 
h for 15 days led to ovulation in over 90% of does with 
no difference in the proportions of does that ovulated 
following exposure to bucks for 4, 8, 12, or 16 h per day 
(99). 

7. Future perspectives 
Since its discovery over 70 years ago, the male effect has 
fascinated reproductive biologists because of its dynamic 
and robust impact on the hypothalamic–pituitary–gonadal 
axis of female sheep and goats. However, in the words of 
Albert Schweitzer, “as we acquire more knowledge, things 
do not become more comprehensible but more mysterious”. 
Through this review, we have highlighted misconceptions 
about the male effect that, with the benefit of hindsight, 
have led to uncontrolled factors in experimental design 
that, in turn, complicate interpretation of the data. They 
also inhibit the application of the male effect to commercial 
practice. The following questions need to be considered for 
future experiments, and for formulating recommendations 
for on-farm application of the male effect: 

1) How long were females separated from the males 
that will be used to elicit the male effect?

2) What distance and barriers were used to separate 
treatments and keep the females separate from the males 
that will be used to elicit the male effect? 

3) What factors may have affected the potency of 
the male stimulus?

a) Have they had previous contact with females?
b) What was their age and sexual experience?
c) Were they on a high or low plane of nutrition?
d) Had they been exposed to changing/stimulatory 

photoperiod?
4) What intensity and length of male exposure is 

required to maximise ovulation and conception?
5) Does intermittent exposure of females to males 

maintain ‘male novelty’?
We propose that careful consideration of these 

questions during experimental design, along with clear 
reporting of these factors, will increase the clarity and 
ease of interpretation of the literature describing the male 
effect. 

8. Conclusion 
When it comes to the male effect, it is clear that not all 
males are ‘created’ equal, nor do they ‘remain’ equal 
throughout their lives. Variability in the male stimulus 
is driven by factors that affect their capacity to produce 
androgens, and thus the potency of the male stimulus 
and how ‘novel’ they are to the females. Male novelty is 
clearly a critical determinant of the response of females to 
the male effect and the mechanism through which males 
‘gain’ and ‘lose’ their capacity to stimulate females (i.e. 
novelty) is particularly intriguing. Future research into the 
brain regions involved in memory formation and recall of 
‘novel’ males is likely to be guided by findings in the field 
of maternal recognition of offspring, because of uncanny 
parallels between the 2 phenomena. From a practical 
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perspective, it is vital to determine how long females 
actually need to be separated from specific males for those 
males to gain the ability to induce ovulation. We showed 
that 1 month of separation, often used as a standard [e.g., 
Ungerfeld et al. (29)], is not actually sufficient for those 
‘familiar’ males to induce an LH surge in all ewes – so 
how long is actually needed? Furthermore, this ‘optimal’ 
period of separation is likely to be affected by factors that 
affect androgen production and sexual behaviour (e.g., 
nutrition, photoperiod), but this hypothesis is yet to be 
tested. Addressing these issues will significantly further 

our understanding of the field and our ability to make 
robust and accurate recommendations for use of the male 
effect on farm.
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