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This review describes the role of boar stimuli in receptive behaviour,
and the influence of boar stimuli during the follicular phase. Receptive
behaviour (standing response) in an oestrous sow is elicited by boar stimuli,
which can be olfactory, auditory, tactile, or visual. The relative importance
of these stimuli is not clear. Individually, olfactory and tactile stimuli elicit
a standing response in a variable percentage of sows, depending on the
study, but not in all sows. Nevertheless, both tactile and olfactory stimuli
seem essential to elicit a standing response. Contact with a boar is always
more potent than combinations of boar stimuli. Intensive boar contact
can cause habituation, reducing the responsiveness to boar stimuli. It is
not clear how behavioural oestrus is ‘prepared’ at the brain level.
Oestrogens are a key factor in the neuroendocrine maturation that
precedes oestrus. The opiocid peptide system is probably also involved.
Once a sow is in oestrus, the neuroendocrinological events that are
triggered by boar stimuli, and that induce a standing response, are not
well understood. Oxytocin and prolactin are both released during a
standing response, and again, the opioid peptide system seems to be
involved. Boar stimuli are also important during the follicular phase. In
gilts and sows, follicle development and (first) oestrus is advanced by
boar exposure. Although there is very little evidence for this, an increase
in LH secretion, caused by contact with a boar, is probably the explanation.
With respect to this mechanism, habituation to boar stimuli might also
play a role.

Introduction

In most mammalian females, the period around ovulation is marked by oestrous behaviour. In
sows, oestrus is normally defined as the period during which sows show receptive behaviour,
i.e. a ‘standing reflex’, in reaction to certain stimuli. One or more stimuli are involved in
courtship behaviour of the boar and in the act of mating, and can be olfactory (boar odor), visual
(presence of the boar), auditory (boar grunts), and tactile (rubbing of back and flanks) (Signoret,
1970). Mimicking a combination of such stimuli can elicit receptive behaviour. Whether or not
a sow will show receptive behaviour in reaction to certain stimuli depends on (1) the level, or
‘potency’ of such stimuli, and (2) on the responsiveness of the sow to the stimuli. Detection of
receptive behaviour using boar stimuli is important for cestrus-based insemination strategies.
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Boar stimuli also affect follicle development leading to oestrus. This review focuses on the
effect of boar stimuli on receptive behaviour, on neurophysiclogical aspects of receptive
behaviour, and on the influence of boar stimuli during the follicular phase.

Boar stimuli and induction of receptive behaviour
Expression of oestrous behaviour

During the course of oestrus, responsiveness to stimuli, which evoke receptive behaviour, first
increases to a peak, and then dissipates. As a consequence, during the course of oestrus, differ-
ent phases can be distinguished, depending on the ‘level’ of the stimulus needed to evoke
receptive behaviour. Willemse and Boender (1967) for example, distinguished an ‘inseminator
period’, during which an inseminator could evoke a standing reflex by mimicking tactile boar
stimuli {BPT: Back Pressure Test, manual stimulation of the back and flanks of a sow). This
period covered the middle two-thirds of the ‘boar period’, the period during which physical
contact with a boar would evoke a standing reflex. A person, therefore, was less potent in
evoking oestrous behaviour than a boar, and consequently, the duration of oestrus recorded by
a person was shorter than when using a boar. Several studies have focused on the potency of
different stimuli or combinations of stimuli required to evoke receptive behaviour, and as such,
on their effectiveness for detection of oestrus (Table 1). There are fundamental differences
between studies in the approach used to compare different boar stimuli. In older studies (Signoret
and Bariteau, 1975; Reed et al., 1974; Perry et al., 1980), the boar stimuli tested were applied
only once during oestrus in sows that had been previously identified as being ‘oestrous’ using
a boar, but had failed to show a standing response when a BPT was applied in absence of a boar.
The stimuli that they tested were then applied and, depending on their potency and on the
responsiveness of the different sows, elicited receptive behaviour in a certain percentage of the
sows. Because the exact stage of oestrus was not known in these studies, the estimated potency
of a combination of stimuli depended on the sample of sows in the study. A different approach
is to apply a stimulus repeatedly throughout the whole period of cestrus and identify the
cumulative percentage of sows that respond positively at any given time during cestrus. This
second approach gives an estimation of the duration of oestrus in response to a particular stimu-
lus. The second approach also gives an estimate of the number of sows in which oestrus can not
be detected at all with a given stimulus {Langendijk et al., 2000a). This estimate is, therefore,
probably higher than for the first approach. Another important factor is the way individual
stimuli are presented to a sow. Natural or artificial components of boar stimuli can be presented
individually, or in combinations. As Table 1 shows, the additive effect of a stimulus depends on
whether it is presented alone, or in combination with one or more other stimuli, and, in the
latter case, which stimuli are combined.

Because of the complex aspects pointed out above, it is difficult to draw conclusions about
the relative importance of different boar stimuli in affecting receptive behaviour. Neverthe-
less, a BPT in the absence of a boar induced receptive behaviour in 27 to 92% of the sows,
depending on the approach used in the study (Table 1). Although a BPT alone does not elicit
receptive behaviour in all sows, tactile stimuli do seem essential. Only 50 to 68 % of oestrous
sows spontaneously showed a standing response when having nose-to-nose contact with an
intact boar without further tactile stimuli (Langendijk et al., 2000a). A BPT in combination with
boar odor, or components of boar odor, evoked a standing reflex in up to 60 % of oestrous sows
that were negative to a BPT alone (Signoret and Bariteau, 1975; Reed et al., 1974; Perry et al.,
1980}, indicating their added value to tactile stimuli. The important pheromones for eliciting
receptive behaviour within the complex of boar odor are 5-alpha-androstenone and 5-alpha-
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Table 1. Qestrous expression in response to different combinations of boar stimuli

Reference Stimulus” Percentage of sows showing oestrous behavior

Tests at one undefined point during oestrus?

Signoret & Bariteau (1975)2 Back pressure test (BPT) 39 to 60 % (depending on stage
of oestrus)
Exp 2 BPT+sound + odor (boar behind screen) 90 %
BPT + sound + odor + sight 97 %
full boar contact 100 %
Exp 3 BPT+odor (empty boar pen) 60 %
Exp 4  BPT+sound {recorded boar grunting) 50 %
Reed et al. (1974)2 BPT + boar odor 60 %
Melrose et al. {1971)® BPT+ synthetic odor 46 %
Langendijk et al. (2003b)? BPT 27 %t
BPT + synthetic odor 31 %©
8PT + boar 100 %9

Tests repeatedly throughout cestrus?

Langendijk et al. (2000a} BPT 41 %t
BPT + Boar 88 %4
BPT in DMA (detection-mating-area; 94 9,d
surrounded by 4 boar pens)

Langendijk et al. {2000bjb BPT 92 %¢
BPT + boar 100 %<

Gerritsen et al. (2005)° Sight {plastic boar model} 75 %<
Sight + sound (recorded boar grunting) 81 %¢
Sight + sound + synthetic odor 66 %*
Real boar 100 %d

®These studies tested different stimuli in oestrous sows that did not show receptive behavior in response to only
a BPT. Tests were performed at one point during oestrus. Stage of oestrus at which the tests were performed is
not specified and differ between sows. PThese studies tested stimuli repeatedly throughout the entire period of
oestrus. Percentages, therefore, indicate the number of sows that responded positively, at least once, giving a
cumulative percentage of positive sows throughout oestrus. “Stimuli that are listed vertically within one study
are superimposed. “9dDifferent superscripts indicate significant differences within one study; if no superscripts
are given the study did not mention tests for significance.

androstenol (Hughes et al., 1990). These pheromones, among others, are communicated to the
sow by boar saliva. The importance of boar odor is supported by the fact that boars without
submakxillary salivary glands were incapable of evoking receptive behaviour in cestrous gilts
(Perry et al., 1980). Addition of auditory stimuli evoked a standing response in about 50% of
sows that were negative 10 a BPT alone. A combination of auditory and olfactory stimuli in-
duced a standing response in up to 90% of such sows {Signoret, 1970), and the addition of more
stimuli increased this to 97 (visuah) and 100 % (full boar contact). Fuill boar contact can be
mimicked by combining several artificial stimuli. In a recent study, Gerritsen et al. (2005)
combined synthetic visual, auditory, and olfactory stimuli by using a plastic model of a boar
that emitted presrecorded boar grunting and a synthetic boar ador (5-alpha-androstenone). The
percentage of sows that was detected in oestrus (74% on average) did not increase after adding
auditory and olfactory stimuli, and was lower than when using a boar (Table 1}. The duraticn of
oestrus was also shorter when using artificial stimuli: 36 h on average for combinations of
artificial stimuli compared to 56 h when using a boar.
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From the above it appears that the use of a boar reduces the risk of ‘missing’ oestrous sows to
a minimum. The question arises whether there is a combination of stimuli which is even more
effective than just the presence of a boar. Hemsworth et al. (1991) designed a Detection-
Mating-Area (DMA), which consists of an open space surrounded by several boar pens. Stimu-
lation of oestrous behaviour can be expected to be more intense in such a DMA. Langendijk et
al. (2000a) compared the use of such a DMA to two other stimulus levels in the same group of
sows. Qestrus detection was performed every 8 h, and at each occasion, a BPT, a BPT in the
presence of a boar, and a BPT in the DMA were applied consecutively in the same sows. Both
the proportion of sows detected in oestrus and the recorded duration of oestrus increased with
a higher stimulus level, although the proportion detected when using a boar or the DMA was
not significantly different (Table 2). However, for a second group of sows that were not ex-
posed to the DMA, and only tested using a BPT and a BPT in the presence of a boar, the
proportion of sows detected in oestrus using a BPT was higher than for the first group of sows
(68% vs 41%). In addition, the proportion of sows showing oestrus and duration of oestrus using
a boar (52 h) in this second group did not differ from that in the first group of sows when using
the DMA {55 h). The use of extra stimuli did not evoke mare receptive behaviour; the sows
adapted their responsiveness to the highest level of boar stimuli they were confronted with.
Adaptation, or habituation to boar stimuli, was also described by Hemsworth and Hansen (1990)
a «d Dyck (1988), who both found that continuous housing adjacent to a boar reduced duration
of oestrus in sows after weaning. In gilts, continuous housing adjacent to a boar resulted in a
lower oestrus detection rate (Tilbrook and Hemsworth, 1990). In weaned sows, habituation
occurred in a matter of days. Habituation was also related to the novelty of the stimuli that was
involved. Caton et al. (1986) observed that a lower percentage of gilts showed oestrus when
housed adjacent to a boar as opposed to gilts exposed to a boar for only 30 min daily. However,
when the gilts housed adjacent to a boar were taken to a new pen and exposed to a new boar,
the percentage of gilts expressing oestrus was not reduced.

Table 2. Qestrous expression using a boar or a Detection-Mating-Area (DMA)

Treatment 1 (n=22) Treatment 2 (n=49)
Maximum stimulus level: BPT and boar Maximum stimulus level: BPT in DMA
Percentage Duration of Percentage Duration of
showing oestrus oestrus, h showing oestrus oestrus, h
BPT 68+ % 281 473 % 242
BPT and boar 915 % 526 885 % 45by
BPT in DMA 94b 9% 55

Sows were checked for oestrus every 8 h, Within each reatment, oestrus was checked using different stimulus
lavels, starting with the lowest (BPT). Time between different stimulus levels was approximately 253 min.
sbDifferent superscripts indicate differences between stimulus leve! within one treatment. **Different super-
scripts indicate differences between treatments at various stimulus levels. From Langendijk et al. (2000a}

A factor that has hardly been touched in the literature is the difference between boars in their °
ability to evoke receptive behaviour. The novelty effect described above indicates that differ-
ent boars are perceived differently, at least by gilts. There is some evidence that agressiveness
or ‘pro-activeness’ of the boar affects duration of cestrus (Soede and Kemp, 1997). In a T-maze
approach, De Jonge et al. (1994) observed a clear preference for a particular boar when sows
were in the proceptive phase of oestrus. This preference disappeared once the sows were in the
receptive phase. In contrast, Tanida et al. {1991) observed that in a multi-sire mating area (3
boars mixed with 8 oestrous sows), some boars received more attention from sows than others.
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In summary, components of the boar stimulus were less potent than a ‘whole’ boar, and
induced receptive behaviour in only a percentage of oestrous sows. Nevertheless, tactile stimuli
as well as olfactory stimuli seem to play an essential role. A combination of different compo-
nents of the boar stimulus increased the chance of inducing a standing response in oestrous
sows, although the additive value of individual stimuli was lower when superimposed as com-
pared to when they were tested individually. Some sows remain insensitive to certain stimufi
throughout the entire period of oestrus. For oestrus-based insemination strategies it is, there-
fore, important to perform oestrus detection using a mature boar with adequate libido, and to
prevent habituation of sows to a boar.

Regulation of receptive behaviour

During oestrus, a sow is responsive to boar stimuli in a way that is completely different from
the period outside oestrus. It is not clear which neuroendocrine events are involved in initiat-
ing this behavioural change, and how the display of receptive behaviour is actually induced at
the neuroendocrine level. As in many other species, pigs are exposed to elevated levels of
oestrogens in the period preceding oestrus, In ovariectomised sows, treatment with oestrogens
caused behavioural oestrus, and duration of cestrus was correlated with the dosage of oestrogens
administered (Signoret, 1967; Dial et al., 1983). Soede et al. (1997) showed that, in spontane-
ously ovulating sows, duration of vestrus was not related to the level of circulating oestrogens,
indicating that other factors are also important. In their study, tethered and loose-housed sows
were compared. Tethered sows spent more time displaying stereotype behaviour (78 % vs 47
%) and had a shorter duration of cestrus (42 vs 63 h), The level of stereotype behaviour in
tethered sows was inversely related to duration of oestrus. Stereotype behaviour is associated
with the release of endogenous opioid peptides. Esbenshade & Huff (1989) found that treat-
ment with the opiate, morphine, during the period between oestradiol benzoate treatment and
the display of oestrous behaviour (2 to 3 days) shortened duration of oestrus from 38 hto 21 h
in ovariectomised gilts. Treatment with naloxone, an antagonist of endogenous opiocid pep-
tides, abolished this effect. These data indicate an involvement of endogenous opioid peptides
in the changes at the brain level, which precede oestrus, and/or in the display of receptive
behaviour during oestrus. Esbenshade and Huff (1989) also studied the role of GnRH in recep-
tive behaviour. Their data seem to indicate that GnRH does not have the same facilitative role
in expression of oestrous behaviour in pigs as it does in rats (Mass and McCann, 1973; Pfaff,
1973). The same seems to be true for the LH surge, The pre-ovulatory LH surge occurs around
the onset of oestrus (Soede, 1997; van de Wiel, 1981), but is not necessary for the onset of
oestrus, since sows with a longer duration of oestrus already showed receptive behaviour be-
fore elevation of plasma LH levels.

Apparently, oestrogens cause a certain maturation of the neuroendocrine system, which is
needed to be able to respond to stimuli, and evoke receptive behaviour; and the endogenous
opioid peptide system is invclved. But what events are triggered by boar-related stimuli, and
lead to a standing reflex? It was described above that olfactory stimuli play an important role in
eliciting a standing response, Krzymowski et al. (1999) demonstrated a humoral pathway for
uptake of boar pheromones from the nasal cavity and transfer to the pituitary and the rest of the
brain. Spraying So-androstenone, a component of boar odor, in front of the nose of a sow
induced release of hypophyseal oxytocin during oestrus (Mattioli et al., 1986). Oxytacin was
also released during mating (Claus & Schams, 1990; Kotwica et al., 1995) and during fence line
contact with boars (Langendijk et al., 2003; Fig. 1). In these studies the boar was introduced to
the sow at the time of mating or oestrus detection. In a study by Mathiasen (2001), oxytocin



224 P. Langendijk, N.M. Soede and B. Kemp

release in reaction to a BPT was much less pronounced in sows that were housed beside the
boar continuously compared to other studies. Mathiasen {2001) also provided some evidence
for a refractory phase before a second release of oxytocin (20 min in some, but over 60 min in
other sows), but these data are difficult to apply to a situation where a stimulus is re-introduced
at each new occasion. Prolactin was also released upon exposure to a boar, in the same surge
like fashion as oxytocin {Prunier et al., 1987; Kotwica et al., 1995). What is the role, if any, of
these pituitary hormones in oestrous behaviour? Treatment of gilts with naloxone increased the
initial peak in oxytocin release shortly after presentation to a boar, but did not increase courting
and copulative behaviour (Kotwica et al., 1995). On the other hand, treatment with bremazocine
(an agonist of kappa-opioid receptors), strongly reduced the release of both oxytocin and pro-
lactin, and shortened the time spent on courting and copulative behaviour. Inhibition of pros-
taglandin synthesis had the same effects on oxytocin and prolactin release and on sexual behaviour
as treatment with bremazocine {(Kotwica et al., 1995). Although performed with a limited
number of animals, these data again indicate a role of the opioid peptide system in expression
of receptive behaviour during oestrus, with or without oxytocin and prolactin involvement. It is
clear that oxytocin is not necessary to display a standing response since oxytocin release did
not occur in sows that showed a standing response to a BPT (Langendijk et al., 2003). However,
Langendijk et al. (2003) found a positive association between the magnitude of oxytocin re-
lease after introduction of a boar and the time receptive behaviour was exhibited (Figure 1):
below a peak level of 75 pg/ml, duration of the standing response varied between 0.5 and 5
min, whereas above a peak level of 75 pg/ml, duration was at least 4 min. Therefore, oxytocin
might have a facilitative role.
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Fig. 1 Left panel. Oxytocin in peripheral plasma of oestrous sows after introduction of a
boars. Time of entrance of the boar into the room = 0 min. The boar only had fence-line
contact with the sows. After 30 sec, a BPT was performed on the sows, The thick line
represents the average of twelve sows. The upper and lower line represent two sows with
the highest and lowest release of oxytocin. Right panel. The time during which the same
sows remained ‘frozen’, showing a standing response, in relation to the peak level of
oxytocin. After 5 min, the boar was removed, and in all cases the sows ceased showing the
standing response. (left panel from Langendijk et al. (2003)]
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Anocther factor that has received some attention in the literature is the release of cortisol during
contact with a boar, especially in gilts (Pearce and Hughes, 1987; Barnettet al., 1982; Turner et
al., 1998; Kotwica et al., 2002). The release of cortisol is assumed to indicate that introduction
to a boar may, in fact, be aversive to the female, especially when she is not in oestrus. In a
study with gilts, a BPT during fence line contact with a boar did not significantly increase blood
cortisol levels, whereas full contact with a boar clearly did (Turner et al., 1998). It was
hypothesised that the release of cortisol had negative effects on oestrus behaviour. However,
there was no negative effect of introduction to a boar on any of the reproductive parameters
studied. Repeated introduction to a boar even increased ovulation rate as discussed later.

In summary, oestradiol is the key hormone in the events that lead to behavioural oestrus.
Oestradiol is probably responsible for a muititude of complex ‘maturation’ processes at the
brain level. There are indications that the endogenous opioid peptide system is involved in this
maturation, but much more research is needed to give a better understanding of the complexity
of these processes in pigs. We are also beginning t0 understand neuroendocrine mechanisms
that are involved in expression of a standing response. Whether oxytocin and prelactin are key
factors, or are only co-released with other factors during mating, remains to be elucidated.

The influence of boar stimuli on follicular development leading to cestrus

Advancement of puberty in gilts by exposure to a mature boar was thoroughly reviewed by
Hughes et al. (1990). Boar stimuli also advanced oestrus in weaned sows. Older studies demon-
strated that daily exposure to boars resulted in shorter weaning-to-oestrus intervals and a higher
percentage of sows showing oestrus within 10 to 16 days after weaning (Hemsworth et al.,
1982; Walton, 1986; Pearce and Pearce, 1992). In these studies, average weaning-to-oestrus
intervals in control groups were quite long (> 10 days), and the effects of boar exposure quite
substantial: an advancement of oestrus by about 3 days (0.4 to 4 days). In a more recent study
with relatively short rebreeding intervals (5 days), Hughes et al. (1998) did not find an effect of
boar exposure on oestrus in weaned sows.

Thus, effects of boar stimuli on follicular development are more obvious in situations that
limit or delay follicular growth and oestrus. Langendijk et al. (2000b) studied the effect of boar
exposure on cestrus in 94 primiparous sows. These sows lost 25 kg of body weight after farrow-
ing, Such a weight toss predisposes sows to delayed return to oestrus after weaning. In this
study, boar exposure beginning at 3 days after weaning increased the percentage of sows that
ovulated within 9 days after weaning from 30 % to 51%. Ovulating sows had more back fat at
weaning than non-ovulating sows: 14 vs 12 mm. More detailed analysis showed that boar
stimulation resulted in additional sows ovulating between 6.5 and 9 days after weaning (Fig.
2). Ultrasonography showed that all sows showed initial follicular development during the first
4 days after weaning: from about 2.5 mm at weaning to about 4 mm in anovulatory sows and
about 5.5 mm (P < 0.05) in ovulatory sows, Weaning induced initial follicle growth, and boar
stimuli sustained follicular growth towards ovulation in a number of sows that would otherwise
have failed to ovulate.

Lactating sows are another example in which follicular growth is typically suppressed. The
suckling-induced inhibition of follicular growth was, at least in part, counteracted by exposure
to a boar. Boar exposure during the last week of lactation reduced the weaning-to:oestrus
interval (Walton, 1986; Newton et al., 1987), indicating advanced follicular development at
the time of weaning. Petchey and English (1980) group-housed lactating sows from the third
week of lactation onwards and introduced a boar to half of the sows 4 days after grouping. Boar
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contact resuited in 10 % of the sows ovulating during lactation, and an advancement in the
weaning-to-oestrus interval from 10 to 4.7 days in sows which ovulated after weaning.
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Fig. 2 Effect of boar contact on the cumulative percentage of primiparous sows (47 sows
per treatment), which ovulated in relation to the time from weaning. Boar contact com-
menced 3 days after weaning. [Langendijk et al., 2000b]

Boar stimuli most likely act through neurcendocrine pathways that are involved in the secre-
tion of GnRH by the hypothalamus, and therewith, secretion of LH and regulation of ovarian
activity. In a ‘normal’ situation, sows display oestrus 4 to 7 days after weaning. Higher secre-
tion of LH at the day of weaning resulted in a shorter weaning-to-oestrus interval (Shaw &
Foxcroft, 1985; van den Brand, 2000). Follicle growth in later stages of the follicular phase was
also dependent on LH pulsatility (Driancourt et al., 1995; Guthrie et al., 1990). There are
situations, in which LH secretion might be limiting for onset of ovarian activity, when boar
stimuli might be helpful. Examples of such situations were given above. There is, however,
very little evidence that boar stimuli affect LH release. In 3 sows that had been anoestrous for
21 days following weaning, Van de Wiel et af {1993} found an increase in pulsatile release of
LH when the sows were introduced to a boar (Fig. 3). Following introduction of the boar, the
boar was housed continuously in the vicinity of the sows (across an aisle). In the preceding 21
days, LH release was not significant in these sows. Despite an increase in LH secretion after
introduction of the boar, the 3 sows did not show ovarian activity within a week following
introduction of the boar. In the same study, only 3 out of 7 anoestrous sows, which were treated
with PG&00, reacted with a clear rise in blood oestradiol and displayed behavioural oestrus,
indicating that sensitivity of the ovaries to gonadotrophins was also involved. Moreover, some
sows that apparently had the same LH release pattern as ‘normal’ sows, remained anoestrous. In
a study of Kingsbury and Rawlings (1993), 17 gilts were exposed to a boar from 135 days of age,
and 5 control gilts were not exposed to a boar. Twelve of these 17 gilts showed oestrus before
200 days of age; at an average of 169 days of age (‘responders’), and 5 did not show oestrus
before 200 days (‘'non responders’). The 5 control sows showed oestrus at an average age of 193
days. The 12 ‘responders’ and the 5 ‘nonrespoenders’ had an increase in LH pulse frequency after
introduction of the boar: from 0.26 h' during 6 h before to 0.57 h™' during 6 h after boar introduc-
tion {P < 0.01) in the ‘responders’ and from 0.31 to 0.50 h' {P value not given} in the
‘nonresponders’. In gilts that were not exposed to boars, there was no increase in LH pulse
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Fig. 3 Peripheral plasma LM concentrations (ng/ml) in a sow that was anoestrous for 21
days after weaning, which was 28 days postpartum (PP). On Day 50 PP, a boar was
introduced and was housed continuously in the vicinity of the sow, The sow did not show
ovarian activity in the following 7 days. [after Van de Wiel and Booman (1993)]

frequency (0.31 h' during both the first and second 6 h of sampling). Anoestrus in the
‘nonresponders’, despite increased LH secretion, might again b&explained by an insufficient
responsiveness of the ovaries to gonadotrophins. In addition, as in the study by Van de Wiel et
al. (1993), the boars were housed near the gilts continuously after introduction. Ten days after
introduction, LH pulse frequency decreased again to 0.35 h' in the nonresponders.

In summary, in sows with limited follicular development, boar contact restored follicular
development leading to ovulation. Stimulation of LH release by boar contact is probably the
factor explaining this effect. When boar contact commenced on the day of weaning or even
earlier, oestrus was advanced, and the number of sows in which follicular growth was sustained
until ovulation increased. It is interesting to speculate how much, and with what frequency,
boar contact is needed to adequately stimulate LH release. From the above, it appears that
discontinuous boar contact is preferable. In the studies where oestrus was advanced in gilts or in
sows after weaning, boar exposure was mostly a few minutes to half an hour one to three times
aday (Walton, 1986; Pearce and Pearce, 1992; Langendijk et al., 2000b). Hughes {1993) showed
that, in gilts, boar contact 2 or 3 times daily was more effective in inducing puberty than once
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daily or every other day. From the data of Van de Wiel et al. (1993), it seems that LH release
is stimulated for at least 7 h beginning 3 to 4 h after boar introduction. These data were col-
lected in only 3 sows, which were anoestrous for 3 weeks after weaning. More research is
needed to clearly understand how boar contact affects LH release.

Concluding remarks

From the data presented in this paper it is clear that boar stimuli are important in stimulating
follicular development and in expression of oestrous behaviour in sows. The relative impor-
tance of different stimuli in eliciting receptive behaviour is still not completely clear. It is clear
that individual stimuli or combinations of stimuli are not as effective as a boar in eliciting
receptive behaviour, However, differences between boars have to be recognised. The physi-
ological mechanisms that are involved in expression of a standing response, triggered by boar
stimuli, deserve further research. The influence of boar stimuli on follicular development is
probably mediated through the hypothalamus-pituitary axis, but there is still little evidence for
this and for other possible factors involved.
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