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1. Introduction
The development of housing and management systems which optimise sow and piglet
welfare is a high priority for both the Australian and international pig industries. In
conjunction with major food retailers and animal welfare groups, the Australian pig industry
has developed a strategy to phase out the use of dry sow or gestation stalls, and develop nonconfinement, high welfare housing systems. Countries outside Australia, such as Denmark,
Sweden and the United Kingdom, are attempting to reduce confinement in other production
stages such as during lactation (Baxter et al. 2012), with emphasis on reducing sow
confinement whilst maintaining sow and piglet performance. During this pivotal shift in
housing conditions, practical and commercially viable alternatives to confinement of sows
must be obtainable. Opportunities for the re-design of housing may allow for the reduction of
sow confinement whilst maintaining piglet productivity. (Hotzel et al. 2004). This may also
provide the opportunity to allow weaning to occur more gradually and thus provide further
benefit the sow, piglet and producer in various ways.
The majority of Australian sows are housed in farrowing crates throughout lactation as the
design restricts sow movement which in turn protects newborn piglets from being overlayed
(NSW DPI 2006). However, there is evidence that farrowing crates have little benefit to
either sows or piglets from mid-late lactation, suggesting that a reduction in sow confinement
may not have a significant effect on piglet health or mortalities after this time (Ahmadi et al.
2011). In addition to the direct adverse welfare costs of confinement on the sow, the abrupt
weaning of piglets at a relatively early age is exacerbated by the confinement of the sow, as
the sow is unable to naturally wean her litter. Commercial practice involves an abrupt
weaning of piglets and causes a reduction in piglet productivity early-post weaning,
intensifying negative behaviours such as aggression and stress responses, implying that
welfare may be compromised (Hotzel et al. 2011). Alternative lactation housing systems can
2

provide a sow only area which allows for intermittent suckling. Intermittent suckling is a
management strategy in which sow and piglets are separated during a fixed period of the day.
Intermittent suckling has been associated with a more gradual weaning process and increased
consumption of solid feed prior to weaning as opposed to abruptly weaned piglets which have
continuous access to the sow (Kuller et al. 2004; Gerritsen et al. 2008; Tarocco 2008;
Berkeveld et al. 2009; Kuller et al. 2010).
This review will highlight the differences that exist between commercial and ‘natural’
weaning of piglets, discuss the impact of current commercial weaning practices on the piglet,
and lastly, identify how alternative housing and weaning strategies affect piglet behaviour
and welfare.

2. The Natural Weaning Process
A natural weaning process is described by Pajor et al. (pg 106, 1999) as “a decrease in the
amount of contact between the mother and offspring, usually accompanied by declines in the
frequency of nursing and in the level of milk production, and by an increase in the offspring’s
consumption of food”. Under semi-natural conditions, sows will lactate for approximately
12-16 weeks (Newberry and Woodgush 1985). Piglets will suck up to 30 times a day during
their first week of life. However, after approximately day 10 post-farrowing the sow will
spend increasing amounts of time away from her piglets resulting in a steady reduction in
nursing frequency (Jensen and Recen 1989). This reduction in nursing frequency stimulates
the piglets to seek alternative feed sources, resulting in an increased intake of solid feed. As
piglets grow their energy requirements are no longer met by milk alone, stimulating them to
seek additional nutrients from solid feed (Boe 1991; Cox and Cooper 2001). Piglets also
benefit from the reduction of suckling over time as this encourages piglets to reduce their
dependence on the sow and may reduce the negative effects of a separation response
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following weaning. Additionally, sows may also benefit from the reduction in dependence as
energy that would otherwise go to milk production becomes available to improve body
condition for future reproductive output (Weary et al. 2008).

3. The Conventional Weaning Process
The lactation length in a conventional piggery is considerably shorter than those observed in
a natural setting. This shortened lactation of three to four weeks of age was established in the
1970’s as the optimal weaning age to gain a profitable outcome (Nielsen et al. 1979).
Weaning age is also dependent on when piglets are able to develop their own immune
systems without the reliance on maternal antibodies. A shorter lactation provides additional
benefits in that the sow is able to be mated sooner therefore producing more piglets/sow/year
(dos Santos et al. 2004). Prolonged lactations of greater than four weeks in farrowing crates
also have welfare costs to the sow, as she is confined for the entire period of lactation. When
to wean is one of the most contentious topics in the industry as often economics, welfare and
health overlap considerably. Whilst production and economic advantages are achieved by
weaning piglets early, a reduction in lactation length means that the majority of piglets will
have consumed little, if any, solid feed prior to weaning (Boudry et al. 2004).
In contrast to natural weaning, abrupt weaning is much more stressful for both the sow and
piglet. Changes to the social and physical environments are more prominent in commercial
systems than an outdoor system and can result in a pronounced behavioural and physiological
response to the weaning process (Weary et al. 2008). It is common for piglets to stop growing
or even lose weight during the one – three days after weaning, a phenomenon commonly
referred to as the post-weaning growth check. Behavioural responses to abrupt weaning result
in piglets interacting negatively with their new pen mates, and abnormal behaviours such as
belly nosing are often observed (Dybkjaer 1992). Mal-adaptation may create negative
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behavioural patterns, including belly nosing or chewing on the tails or ears of other pigs
(Blackshaw 1981). Dybkjaer (1992) suggested that the previously described behavioural
patterns, together with other physiological responses, such as elevated cortisol and intestinal
functions, are indicators of poor welfare in weaned piglets.

4. Piglet response to weaning
In addition to nutritional change, weaning involves significant changes in environment and
social structure resulting in detrimental welfare outcomes for some individuals. Whilst it is
often difficult to understand how an animal ‘feels’, the combined use of physiological,
behavioural and production measures can be used to assess the impacts of weaning on piglet
welfare.
4. 1 Nutritional stress at weaning
Morphological and functional adaptations of the gastrointestinal tract are necessary at
weaning to enable piglets to acclimatise to the sudden change from a liquid, milk-based to
solid, grain dominant diet (Pluske et al. 1995). It is common practice to provide piglets with
access to solid (creep) feed during lactation. Consumption of creep feed is influenced by
digestive maturity and nutritional demand, and is low prior to 18 days of age, both in terms of
the quantity consumed and the proportion of the litter consuming the creep feed (Metz and
Gonyou 1990; Worobec et al. 1999; Sulabo et al. 2010).
Cortisol, a physiological measure of the response to stress, is higher in piglets which consume
no or little creep feed prior to weaning, suggesting a clear link between changes in diet and
stress (Mason et al. 2003). There is some evidence that adaptation in intestinal morphology is
stimulated by the decrease in cortisol, and suggests piglets which adapt more readily
experience a lower amount of cortisol at weaning(Yao et al. 2011).
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Due to the low consumption of creep feed, an abrupt change from milk to solid feed occurs,
leading to atrophy of villi in the small intestine (Hedemann et al. 2007; de Souza et al. 2012).
Pluske et al. (1995) demonstrated a positive relationship between the height of the villi in the
small intestine at weaning and daily weight gain post-weaning, indicating that atrophy of the
villi reduces growth rate. Immediately post-weaning, the intestinal tract does not yet produce
all the enzymes necessary to digest solid feed which may also result in malnutrition through
impaired absorption and transport of nutrients early post-weaning (de Souza et al. 2012).
The mucosal lining is also affected by the atrophy of villi and post-weaning scours is a
response to the higher bacterial loads from the compromised mucosal lining (Pluske et al.
1996). The presence of feed in the intestinal lumen stimulates intestinal development (Pluske
et al. 1996), meaning that piglets who continue to eat feed early post-weaning will maintain
villus height and crypt depth in the gastrointestinal tract (Pluske et al. 1995). As the small
intestine goes through a maturation process, where digestive enzymes become of use
approximately ten days post-farrowing, piglets should be encouraged to consume creep feed
from this age to limit the post-weaning nutritional stress effects on intestinal function (de
Souza et al. 2012).
When weaning occurs between 20 and 28 days of age, weaning stress is reduced in piglets
consuming creep feed prior to weaning and solid feed after weaning (Bruininx et al. 2002;
Weary et al. 2008). Some attempt has been made to associate the post-weaning feed intake to
intakes before weaning when associated with age (Gonyou et al. 1998; Worobec et al. 1999).
Feed intake in older piglets is higher than piglets at four weeks of age, as older weaned
piglets (six or more weeks of age) will be more likely to consume solid feed than younger
weaned piglets (Fraser 1978; Pajor et al. 2002).
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4.2 Environmental stress at weaning
Weaning commonly involves a dramatic change in environment, with piglets moved into
large group pens or eco-shelters and housed with unfamiliar piglets. In conventional lactation
housing, a small creep area is provided for the piglets. The creep areas are often heated for
the first few weeks after birth to decrease the risk of piglets chilling. Conventional weaner
pens provide more space than the creep area of farrowing crates to allow a larger number of
piglets to be accommodated. The flooring of the pens is often slatted with a concreted area
often near the feeders. Eco shelters provide a very large space, with several hundred piglets
per shelter, although the actual space allowance per pig may be no different to weaner pens
(Barnett et al. 2001). Thermoregulation is more achievable in weaner pens, where sheds are
often installed with heating and cooling, whereas eco shelters often rely on natural shading
and wind guarding to provide thermoregulation. The benefits of eco shelters are that
enrichment is able to be provided through providing a straw base for piglets to lie on and play
in.
The new environment provides the piglet with new ways of interacting with its surroundings,
and the social interactions between piglets can also change. Arey and Sancha (1996) reported
an increased incidence of play behaviours in piglets at weaning which were housed in
lactation housing which provided enrichment for the piglets in the form of straw bedding and
a communal area for different sows and litters to interact. However, the effects of housing
type on play behaviours post-weaning were not investigated.
4.3 Social stress at weaning
Contact between the sow and piglet ceases after abrupt weaning, and the ending of the
contact can cause significant distress to both sow and piglet (Barnett et al. 2001). Age effects
on maternal separation have been difficult to interpret and although many studies have
focused on age at weaning in piglets, there is still limited knowledge on the effect of weaning
7

at different ages (Dybkjaer 1992; Gonyou et al. 1998; Worobec et al. 1999; Mason et al.
2003).
In addition to the loss of the sow, piglets can be separated from their litter mates and forced
to establish social interactions and hierarchies with unfamiliar, non-litter mate piglets.
Negative behaviours are often observed during formation of these new hierarchies and can be
interlinked with stress. Aggression towards piglets may also be an indicator that a piglet is
not coping with the changes experienced at weaning (Pajor et al. 1999; Worobec et al. 1999;
Hotzel et al. 2004; Widowski et al. 2008; Hotzel et al. 2011).
4.4 Behavioural outcomes of weaning stress
The natural behaviours that occur during late lactation include piglet stimulation of nursing
by massaging the sow’s udder. The term “belly nosing” describes the distinctive, rhythmic
up-and-down movement of one piglet rubbing the belly of another with its snout, and is
widely accepted as a re-directed behaviour to nursing stimulation (Fraser 1978). Repetitive
belly nosing can result in lesions on the belly and flank of the receiver (Straw and Bartlett
2001) and is suggested to indicate stress due to maternal separation (Jarvis et al. 2008). A
reduction in the growth of piglets performing and receiving belly nosing has been reported
(Fraser, 1978), suggesting that re-directed behaviours can impact negatively upon production.
Another agonistic behaviour observed post-weaning is severe fighting between unfamiliar
piglets to establish hierarchy (Blackshaw et al. 1987; Hotzel et al. 2004). Agonistic
interactions, such as chasing and displacement, reduce feed consumption when piglets were
weaned into a confined setting (Pluske et al. 1997; Dybkjaer et al. 1998; Gonyou et al. 1998;
Weary et al. 1999). Aggression has been found to decrease food conversion efficiency and
weight gain in older pigs and may also affect pigs at weaning (Gonyou et al. 1998; Jarvis et
al. 2008), once again establishing a clear link between behaviour and production.
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The behaviours which have been observed as a response to weaning have been limited in
respect to their impact on performance (Table 1). There is, however, a clear link in negative
behavioural patterns and growth and performance when compared together. These results
suggest that positive behavioural patterns such as play behaviours and non-aggressive feeding
in piglets have not been used to compare weaning strategies in various studies. Thus, it is still
unclear if positive behaviours are observed in piglets which have better performance
outcomes.
Table 1. Behaviours observed alongside performance observations in conventional settings

Reference

Behaviours Observed

Blackshaw et al. (1987)

Contact agonistic, head-thrusting, biting Nil
and pushing, chasing, threat and
displacement
Pivot, hop and scamper
Nil/ Low cost of
production
Agonistic, chasing and displacement
Poor growth rate
Aggression, belly nosing and chewing
Slow growth/ Poor
growth rate
Standing and biting
Poor growth rate
Feeding, belly nosing and other nursing Poor growth rate
behaviours

Newberry et al. ( 1988)
Dybkjaer (1992)
Worobec et al. (1999)
Pajor et al. (1999)
Widowski et al. (2008)

Performance
measures observed

Whilst it is clear that negative behaviour occurs post-weaning, the effect of lactation housing
on the expression of these behaviours is less clear. Alternate lactation housing may provide
an environment which allows a piglet that is better able to cope with the stress typically
witnessed at weaning and therefore creates a piglet with a temperament which is able to
regulate their stress response better (Pajor et al. 1999). Play has an important role in the
behavioural development of pigs and is an indicator of good health (Fraser 1990). Although
play behaviours have been observed in many weaning studies (Blackshaw et al. 1987) none
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to date have recorded and analysed positive behaviours and their differences due to weaning
and housing types. Relationships between piglet-directed behaviour and stress responses have
not been observed (Pluske and Williams 1996; Widowski et al. 2008), however, injury score
and performance suggest that this relationship may exist. Widowski et al. (2003) considered
the piglets well-being to be compromised when aggressive behaviours occurred and that they
are, therefore, indicators of poor welfare.
4.5 Physiological outcomes from weaning stress
Basal plasma cortisol levels are correlated to increased behaviours indicative of elevated
anxiety in piglets at weaning (Worsaae and Schmidt 1980; Dantzer and Mormede 1981). The
adverse experiences associated with weaning result in activation of the hypothalamuspituitary-adrenal (HPA) axis which is characterised by a rise in cortisol levels and an acute
down-regulation of hippocampal glucocorticoid receptors (Kanitz et al. 1998; Jarvis et al.
2008). The down-regulation of these receptors elevates basal plasma glucocorticoids, namely
cortisol, which activates an anti-stress pathway and suppresses the immune system (Young
and Vazquez 1996).The suppression of the immune system comes at a time when the piglets
are in an immune-compromised state.
Piglets with a high colostrum intake during the first 48 hours after birth will receive maternal
antibody protection for between 1-12 weeks dependent on the disease causing organism.
However, there is no antibody protection for piglets under 24 hours old and piglets largely
rely on the hygienic conditions in the farrowing crates. Through lactation maternal antibody
protection is reduced and by weaning does not offer any immune support. Piglets are
relatively naïve to new environments they have not been exposed and are susceptible to the
new microbial communities and are more likely to become ill due to the naivety
(Konstantinov et al. 2004). The housing conditions post weaning are often not as hygienic as
that of a farrowing crate meaning piglets are more at risk of acquiring disease which they
10

have no immunity. Compromised immunity, along with naivety, can result in piglets
becoming ill with high burdens of gastrointestinal diseases, especially when occurring in
conjunction with compromised intestinal function (Konstantinov et al. 2004; de Souza et al.
2012).
4.6 Impact of weaning on performance
The consumption of creep feed before weaning has been shown to impact the gastrointestinal
function of piglets at weaning. Kuller et al. (2004) found that the net absorption in the small
intestine is significantly higher in piglets which consume creep feed during lactation than
those who have not consumed creep feed. The slow introduction of creep feed may reduce
intestinal disruption and allow villi to adjust to the diet without compromising nutrient intake
as milk is still able to be digested (Berkeveld et al. 2009). The slow introduction of solid feed
may also reduce the energy cost of adaption, thus reducing or even eliminating the postweaning growth check (Pluske et al. 1997; Colson et al. 2006; Berkeveld et al. 2007;
Berkeveld et al. 2009).
Correlations between creep feed intake before and after weaning at the conventional weaning
age of two to four weeks has shown to reduce the increased behavioural characteristics of
weaning stress observed in piglets at this younger weaning age, and provide more relevant
data for creep feed intake effects on weaning stress (Weary et al. 2008). Feed intake in older
piglets weaned after six weeks of age is higher than younger weaned piglets as these piglets
are much more readily able to consume solid feed due to their intestinal morphology (Fraser
1990).
Consumption of creep feed directly impacts the second most important trait in a grower herd,
growth, with feed efficiency being the first most important. Piglets which consume less feed
will grow slower than those that consume feed at a faster rate. Post-weaning performance has
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been positively correlated with the level of pre-weaning feed intake of gradually weaned
piglets in a few studies (Kuller et al. 2004; Berkeveld et al. 2007). Although intermittent
suckling has resulted in lower weaning weights and a lower average daily gain during
lactation, the higher average daily gain after weaning typically compensates for these
negative effects (Thompson et al. 1981; Kuller et al. 2004). More specifically, lower weaning
weights due to gradual weaning do not negatively affect growth during the first week after
weaning, which suggests that growth shortly after weaning is dependent on the adaptation to
solid feed rather than weaning weight (Kuller et al. 2004). Whilst these findings suggest
performance may not be increased overall, welfare may still be improved and a gradual
weaning process is still an important factor in piglet management.

5. Inducing gradual weaning in alternative lactation housing
The lactation environment may be especially important for the early stages of growth in pigs
and in turn may influence the lifetime productivity of the piglet. Immediate and long term
effects on behaviour are also affected through the lactation housing, The complexity of the
nursing environment has been shown to influence the learning abilities of piglets and their
ability to cope with stressors at weaning (O'Connell and Beattie 1999; Sneddon et al. 2000).
Applying a gradual weaning strategy in a conventional environment increased the feeding
independence of piglets from the sow (Berkeveld et al. 2009). The process of gradual
weaning involves the separation of the piglets from the sow by encouraging the sow to
separate herself or by separating the sow for small periods of time during lactation, which
results in an intermittent suckling regime.
Intermittent suckling reduces the opportunity for milk ingestion with the aim that the piglet
would then be required to consume more solid feed during lactation in order to meet its
energy requirements. This has been shown to be the case as intermittent suckling results in
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piglets consuming larger amounts of creep feed compared to piglets housed with sows in a
conventional farrowing crate for the duration of lactation (Kuller et al. 2004; Berkeveld et al.
2007; Gerritsen et al. 2008; Berkeveld et al. 2009). However, gradually weaned piglets are
lighter at weaning due to the abrupt start of intermittent suckling, with piglets separated from
the sow for six or more hours. Understanding of how piglets respond to different durations of
intermittent suckling is limited and it is unclear if a shorter period of time may be more
beneficial.
Contrary to the above studies, Millet et al. (2008) showed that piglets in the intermittent
suckling treatment were able to consume sufficient milk when there is access to the sow, and
therefore, creep feed was not consumed and a gradual weaning effect was not observed in
relation to the performance of piglets post-weaning. The piglets in Millet’s study were
separated for seven hours of the day, two weeks before weaning. This period of time provides
a separation length which allows the intake of milk not to be reduced and thus, not affect
weight gain during lactation and suggests that a longer separation is needed for creep feed
consumption and gut development.
Whilst benefits in solid feed ingestion are observed, intermittent suckling still involves the
confinement of the sow or the piglet or both which may be detrimental to the welfare of
animals involved. However, this may just be due to methods previously tried involving no
reduction in confinement at all. Sow controlled housing involves a farrowing environment in
which the sow can remove herself from her litter thereby facilitating her own gradual
weaning process (Pajor et al. 1999; Baxter et al. 2012). However, in systems which are sowcontrolled there is a large variation in the post-weaning effects due to inconsistent times of
separation, with some sows spending most of their time with their litter. As a consequence,
the litters of sows who choose not to leave them still spend most of their time feeding on milk
and not creep feed (Bruininx et al. 2002).
13

6. Conclusion
The maternal investment which provides adequate nutrition, socialisation and immune
protection to piglets is known to gradually decrease throughout lactation in a natural setting.
An abrupt weaning strategy does not allow for the gradual weaning process to occur, and has
significant early post-weaning health and welfare issues. A gradual weaning strategy can be
implemented with the use of alternative lactation housing which may alleviate the problems
caused by abrupt weaning. Creep feed intake before weaning and feed intake after weaning
has been positively correlated with a daily weight gain seen in piglets which are gradually
weaned. A successful and commercially viable lactation housing design would need to take
into account a reduction in confinement for the sow, in addition to facilitating intermittent
suckling to induce a gradual weaning effect.
It is still unknown if piglets from alternative lactation housing which induces a gradual
weaning process experience a reduction of the stress response to weaning. The reduction of
stress may explain previously reported increases in post-weaning production. Stress resulting
from abrupt weaning can compromise piglet wellbeing and is evident when negative
behaviours occur. This indicator of poor welfare may be reduced with alternative lactation
housing. However, there is a lack of positive behavioural observation on gradual weaning so
the welfare of the piglets is still not well defined.
Therefore, the study to be conducted herein will investigate the effect of gradual weaning in
alternative lactation housing on piglet welfare and behaviour. The study will identify if
piglets from alternative lactation housing experience a reduction in the stress typically
experienced at weaning, and if this has a positive effect on post-weaning performance. This
will be determined by the piglets behavioural, physiological and performance response to
weaning after sow to piglet contact is gradually reduced during lactation.
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Abstract
A more ‘natural’ weaning process can occur in ‘sow only’ farrowing accommodation. It was
hypothesised that an incremental reduction in sow contact during lactation, achieved through
housing the sow in a ‘sow only’ area, would reduce piglet stress responses to weaning.
Control (CON) treated sows and piglets (n = 20) remained in full contact with one another
until weaning, whilst an incremental reduction in sow contact was achieved by the sow being
separated from piglets (SP, n = 30) for 5 hrs per day on days 10 to 15, 7 hrs on days 15 to 20,
and 9 hrs on days 20 to weaning (day 2 8 ± 1.3). SP piglets were lighter than CON piglets
after weaning (CON 7.64 ± 0.16 kg, SP 6.83 ± 0.15 kg), however, a growth check occurred in
the CON piglet’s thus no difference was identified by day seven post weaning (CON 8.60 ±
0.17 kg, SP 8.35 ± 0.1 5kg, P > 0.05). Overall, SP piglets had a tendency to have more piglets
consuming creep/solid feed (SP 64 ± 2.0 %, CON 48 ± 2.0% P = 0.10). Belly nosing and
aggressive events were longer in duration for CON piglets (belly nosing: CON 6.3 ± 2.0
seconds and SP 2.4 ± 1.3 seconds; aggression: CON 6.5 ± 1.1 seconds; SP 4.2 ± 0.8 seconds;
P < 0.05). Weaning produced an increase in circulating plasma cortisol concentrations in
CON piglets (18.7 ± 13.3 nmol/L), and decreased in the SP piglets (-12.3 ± 14.1nmol/L; P <
0.05). These findings imply reducing sow contact during lactation lessens the piglet stress
response to weaning.
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1. Introduction
Optimising sow welfare and productivity throughout lactation is a high priority for both
Australian and international pig industries. The majority of Australian sows are housed in
farrowing crates throughout farrowing and lactation (Barnett et al. 2001). Farrowing crates
were originally designed to protect newborn piglets from being crushed or savaged by the
sow (Weber et al. 2009). However, there is a suggestion that farrowing crates have little
benefit to either the sow or piglet from mid to late lactation as piglet mortality from sow
crushing is minimal (Marchant et al. 2000). A reduction in sow confinement may not have
significant implications for piglet health or mortalities after mid-lactation (Ahmadi et al.
2011). Farrowing crates may also be restrictive in space for the sow and also for piglets to
move in, as the standard size of a farrowing crate is 3.2m2 (PISC 2008). Due to these
concerns, there is now growing pressure to find practical and commercially viable
alternatives to the conventional farrowing crate.
Alternative lactation housing design has largely focused on improving sow welfare through
reducing confinement, but now there is increasing concern for how the different housing
types affect piglet performance and welfare (Ahmadi et al. 2001; Baxter et al. 2012). Sows
have a natural tendency to spend time away from their piglets as lactation progresses and
gradually reduce suckling frequency, effectively creating a gradual weaning process (Pajor et
al. 1999). In conventional farrowing crates, the ability of the sow to modulate her own
suckling frequency is reduced, thus weaning is an abrupt event. Farrowing accommodation
that allows for a ‘sow only’ area has been shown to result in a more ‘natural’ weaning
process, whereby suckling frequency can be reduced as lactation progresses (Pajor et al.
1999). This may benefit sow welfare through reducing confinement and allowing respite
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from piglets, but may also influence the piglet’s adaptability to weaning (Berkeveld et al.
2009).
Piglets in a conventional setting are often provided solid feed (known as ‘creep feed’) prior to
weaning to assist the transition from a milk to cereal based diet (Pajor et al. 1991). However,
consumption of creep feed prior to weaning varies enormously between individuals (Bruininx
et al. (2004), with some piglets consuming very little or even no creep feed and thus, these
animals experience an abrupt diet change following weaning (Pluske et al. 2007). Abrupt
weaning is typically associated with a reduction in growth immediately post-weaning (known
as a ‘growth check’). Although gradually weaned piglets are often slightly lighter at weaning
(Kuller et al. 2004), the severity of the post-weaning growth check is reduced. This is thought
to occur as creep feed ingestion may be increased by sow separation in lactation (Berkeveld
et al. 2007; Berkeveld et al. 2009; Kuller et al. 2010). Growth performance post-weaning
may be further affected by elevated cortisol (Barnett et al.1983) as the weaning event is
thought to be stressful. Cessation of maternal contact, introduction of a new social and
physical environment, along with the changes in diet are all thought to contribute to this
stress response (Weary et al. 2008). Cortisol is elevated in response to stress, however, no
studies have compared cortisol post-weaning due to difficulties in acquiring samples
(Worsaae and Schmidt 1980; Mason et al. 2003; Jarvis et al. 2008). It is, therefore, still
unknown if cortisol levels are influenced by a gradual weaning in piglets.
Piglets compete with litter mates for access to more productive teats, and teat order is
generally established within the first days following birth. Pluske et al. (2007) demonstrated
that growth rate between parturition and weaning was affected by teat order, and it is
therefore, logical to suggest that teat order may also affect performance post-weaning. Larger
piglets are often located on anterior teats with higher milk yields, and smaller piglets on
posterior teats with lower milk yields (Kim et al. 2000; Mason et al. 2003). As milk
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production is lower in posterior teats, the smaller piglets feeding from these teats are often
observed to consume more creep feed prior to weaning (Pluske et. al., 2007). Given the
already discussed influence of gradual weaning on creep consumption, it may then be
suggested that teat order may interact with any gradual weaning treatment when creep feed
ingestion is examined.
There have been several studies conducted on the performance of piglets in relation to
intermittent suckling (sow removed from piglets for defined proportion of day) which results
in a gradual wean, and many have shown a beneficial effect on productivity post-weaning
(Kuller et al. 2004; Berkeveld et al. 2007; Berkeveld et al. 2009). These findings warrant
further studies into the welfare of piglets in alternative lactation housing that induce gradual
weaning. The few investigations of piglet behaviour following weaning have targeted the
incidence of negative behaviours thought to be associated with stress (Blackshaw et al. 1987;
Dybkjaer 1992; Dybkjaer et al. 1998; Pajor et al. 1999; Weary et al. 1999). However, it is not
known whether alternate lactation housing and gradual weaning affect the expression of
positive behaviours suggestive of improved welfare state (Newberry et al. 1988).
Piglets typically exhibit a variety of behavioural responses to weaning. Turner et al. (2006)
showed that aggressive behaviours decrease food conversion efficiency and weight gain in
older pigs, thus aggression post-weaning in addition to pre-weaning creep consumption may
help to explain the decrease in productivity of abruptly weaned piglets. Negative pigletdirected behaviours are indicators of stress (Dybkjaer 1992) and increased incidences of these
behaviours (belly nosing, chewing, aggression, and escape attempts from pen) have been
reported in abruptly weaned piglets when compared with those that experienced a more
gradual wean (Newberry et al. 1988; Dybkjær 1992; Worobec et al. 1999). When piglets
have satisfied their primary needs, such as food, rest, and comfort, an increase in play
behaviours can be observed. Play behaviours are, therefore, a good indicator of a positive
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welfare state (Newberry et al. 1988). However, previous studies have failed to measure play
behaviours as an indicator of reduced stress at weaning.
The aim of this study is to determine whether piglets gradually weaned from the sow,
facilitated by alternate farrowing accommodation, experience a reduction in the stress
response typically experienced at weaning, and if this has a positive effect on post-weaning
performance and behaviour. It is hypothesised that if sow-piglet contact is reduced gradually
during lactation, an improvement in the piglets behavioural, physiological and performance
response to weaning will be observed.
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2. Materials and Methods
This study was approved by The University of Adelaide Animal Ethics Committee (Animal
Ethics Number: S-2013-081) and was conducted in accordance with the ‘Code of Practice for
the Care and Use of Animals for Scientific Purposes’ (NHMRC 2004). All animal work was
conducted at an Australian Pork Farms Group (APFG) commercial piggery over two block
replicates and included 50 mixed parity Large White x Landrace sows and their offspring. In
total, 469 piglets were used throughout the trial. Three sows were excluded as offspring were
breeder replacements and one sow was replaced with a foster mother due to agalactia. A total
of 14 piglets were removed from the trial due to morbidity or death.
2.1 Experimental Design
2.1.1 Treatment Allocation
Sows were randomly allocated at farrowing to one of two treatments; ten sows per replicate
(total n = 20) were allocated to the control (CON) treatment and 15 sows per replicate (total n
= 30) to separation pen (SP) treatment. The control treatment experienced no separation, with
sows remaining in the farrowing crate in constant contact with piglets throughout lactation
resulting in an abrupt wean. In the SP treatment, sows were placed in a pen at the rear of the
farrowing crate in isolation from piglets from day -17 relative to weaning to replicate a
gradual weaning process. The separation regime for the SP treatment involved a gradual
increase in the time in which the sow was isolated from piglets (Figure 1).

28

Table 1. Separation regime imposed on the SP (separation pen) treatment which involved
sows being housed in a pen at the rear of the farrowing crate in isolation from piglets for the
specified length of time per day.
Day relative to

Sow separation for SP treatment

weaning
Birth to -17

0 hrs

-17 to -12

5 hrs

-12 to -7

7 hrs

-7-weaning

9 hrs

2.1.2 Weaning
For both treatment groups, weaning occurred at day zero, with piglet age being 28 ± 1.3 days
old (mean ± SD). Piglets were transferred from the farrowing house to a conventional weaner
facility where they were sorted according to sex and size, and housed in group pens
measuring 3.4 m long by 1.64 m wide (Figure 1). The flooring of each pen consisted of a
partially slatted area and a solid concrete area. Wood shavings were provided on the concrete
area, and sprayers were present at one end of the slatted area of flooring. Water was provided
in each pen by a nipple drinker and feed via one ad libitum feeder. Each pen housed 15 to 20
piglets (dependent on piglet size) of the same treatment.
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Figure 1. The timing of sow separation relative to farrowing for the SP treatment. Treatments
were managed relative to weaning, commencing at day -17 of weaning and concluding on
day 14 post weaning. The SP treatment followed the intermittent suckling protocol from day 17 to weaning. The post-weaning measurements were collected from piglets until 14 days
following the weaning event.

2.1.3 Housing Design
Lactation housing used in the SP treatment consisted of a conventional farrowing crate (1.7 m
x 2.4 m) with a covered creep area, and a 3 m x 1.7 m pen at the rear of the crate (Figure 2).
The pen consisted of plastic slatted flooring, contained one drinker nipple and allowed fenceline social contact with sows in neighbouring pens. A gate at the rear of the crate which
opened into the rear pen was kept closed for the CON sows, ensuring the sows remained in
the farrowing crate in constant piglet contact for the duration of lactation. For the SP
treatment, the gate was opened and the sow was confined to the rear pen for the designated
separation period per day (Table 1). Piglets from both treatments remained within the
farrowing crate for the duration of lactation.
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Figure 2. Design of the lactation housing system utilised. The separation pen used included a
crate (2.4 m x 1.7 m) and a pen that housed only the sow measuring 3.0 m x 1.7 m.

2.1.4 Feeding
Sows were fed a standard lactation diet (min 14.2 MJ/kg DE) twice daily. The feeding regime
was controlled by the SP treatment, and as such, sows were fed at 07:00 (before SP treated
sows were moved to the pen) and again at 17:00 (after SP treated sows had been returned to
the farrowing crate). In both treatments, piglets had ad libitum access to creep feed from day 17 relative to weaning and ad libitum access to weaner feed post weaning. The creep and
weaner diets were both “starter” diets of 15.5MJ/kg DE dyed at 5 kg per tonne with indigo
carmine in order to estimate creep feed consumption (Table 2).
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Table 2. Ingredient and nutrient specifications of the piglet starter diet used for both creep
and weaner feed.
Ingredient Name

%

Nutrient Name

Amount

Unit

Wheat 12%
Ext.Wheat+3.5%Oil
Peas
Biscuit Meal -6%
Dextrose
Canola 34 exp. Millicent
Soyabean meal 46%
Soycomil
Nu-pro Yeast Extract
PP-Meatmeal-57%
Fishmeal 60%
Blood meal
Buttermilk -30P/12F
Whey Powder
Feed Oil 80:20
Salt
Lysine-HCL
Methionine LIQ-80
Threonine
Tryptophan
Zinc Oxide
Oxicap E2
Fysal Fit-4
Flavour LQ.VE/VS
Betaine
Lysoforte
L/A 9854 Creep PMX

25.42
5
7.75
15
3
2.5
8
1.25
2.5
4
4
0.5
5
10
3.625
0.1
0.382
0.177
0.157
0.048
0.3
0.02
0.3
0.5
0.1
0.12
0.25

Dry Matter
D.E. Pigs
Net Energy Pigs
Protein
Fat
Fibre
Ash
Lysine
Methionine
Methionine + Cysteine
Threonine
Isoleucine
Tryptophan
Calcium
Total Phosphorus
Available Phosphorus
Sodium
Acid Binding Capacity
Choline
Available Lysine
Phytate P
Salt
Total Legumes
Bulk Density

91.20
15.51
10.39
21.27
8.07
2.40
4.95
1.57
0.50
0.86
1.00
0.89
0.28
0.9
0.72
0.66
2.87
661.73
2358.74
1.40
0.14
0.71
7.75
60.62

%
MJ/KG
MJ/KG
%
%
%
%
%
%
%
%
%
%
%
%
%
%
MEQ/KG
MG/KG
%
%
%
%
KG/HL

2.2 Animal Measures
2.2.1 Weights
Individual piglet weights were collected on days -17, -12, -7,-1, 1, 2, 7 and 14 relative to
weaning (Figure 1). Weighing commenced after SP sows had finished their time in the sow
only area for the day.
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2.2.2 Creep feed consumption
Creep and weaner feed was dyed using indigo carmine (5 kg per tonne of dry feed). Faeces
were assessed for colour by an anal swab using cotton buds on days -17, -12, -7, -1, 1, 2, 7
and 14. Piglets were given a yes or no status upon successful indication of cyan staining of
faeces from the indigo carmine (Pluske et al. 2007). Amount of creep feed consumed was
recorded but not analysed due to a high wastage level of the feed.
2.2.3 Injury scores
An injury score was collected from each individual piglet in order to subjectively estimate
level of aggression. The injury scoring system was adapted from Widowski et al. (2003) and
consisted of a four point scale for scratches and redness around the head and ears of each
piglet (Table 3). This injury score was collected on days -1, 1, 2, 7 and 14 relative to
weaning.
Table 3. Injury scoring system using scratches and redness adapted from Widowski et al.
(2003).
Score:
Redness

0
No redness,
swelling, or
hair loss is
evident

1 (Mild)
Reddening,
swelling, or
hair loss is
barely
detectable

2 (Moderate)
Swelling,
redness, or hair
loss is obvious

3 (Severe)
Irritation easily
observed as
darker
reddening,
swelling, and
patches of hair
loss

Scratches

No scratches
or skin loss
were evident
on face and
body

one to three
small (≤ 2 cm)
scratches or
areas of
abraded skin is
evident, or
scratches on
face only or
back only

one to three
larger (>2 cm)
scratches or
areas of
abraded skin is
observed on
back and/or
face

More than
three scratches
(usually >2
cm) or larger
areas of
superficial skin
loss. Scratches
on both face
and back
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2.2.4 Blood Samples & Teat Order
Piglets were observed during a suckling event between days five and ten to determine teat
order (with one being at the anterior end of the sow and four being posterior). Once teat order
was recorded, one piglet from the front teat, one piglet from the rear teat and two from the
middle teats were chosen as ‘focus piglets’ to give a total of four piglets per litter. Blood
samples were collected from the focus piglets on days -1 and +1 relative to weaning via
jugular venepuncture using a 21 gauge needle into a 4 ml heparinised blood tubes (BD
Vacutainer®, BD Australia). The time of each bleed and order in which piglets was bled
within a crate or pen was also recorded. Care was taken to ensure blood sample collection
occurred within a two minute period from animal restraint. After collection, blood samples
were spun for 20 min at 3000 rpm and plasma was pipetted into 2ml tubes (Axygen®), where
it was frozen and stored at -20°C. Samples were analysed using radio-immunoassay for free
cortisol by the Animal Biology department at the University of Western Australia. The limit
of detection for cortisol was 3.5 nmol/L and the mean inter-assay co-efficient of variation
was 3.5%.
2.2.5 Video Recording for Behaviour
On days one and two post-weaning, two female piglet pens and two male piglet pens from
each treatment per replicate, giving a total of eight pens per treatment, were recorded using
video cameras (Legria HFR26, Canon Australia) from 07:00 until 13:00. Recordings were
then analysed for neutral, negative or positive behaviours (Table 4) using Observer XT v11.5
software (Noldus Inc, The Netherlands). Field of vision did not show access to the drinker,
therefore prevented drinking from being recorded as a behaviour.
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Table 4. Description of behaviours listed as neutral, positive or negative when examined as a
welfare indicator combined from Newberry et al.(1988) and Dybkjær (1992) Worobec et al.
(1999).
Type of
Behaviour
Neutral

Behaviour

Description

Laying

Weight of body not supported by legs.

Neutral

Feeding

Head in feeder.

Negative

Belly-nosing

A piglet rubs a pen-mate's belly with rhythmic, up
and down movements of its snout.

Negative

Nosing/chewing
pen-mates

Oral-nasal contact with the body of a pen-mate
(distinct from belly-nosing).

Negative

Aggression

Pushing, head-thrusting against, biting and chasing
pen-mates.

Negative

Aggression
feeder

at Aggression (see above) connected with gaining
access to the feeder or drinker.

Negative

Mounting

A piglet jumps on the back of another piglet for a
prolonged time.

Positive

Playful gestures

Head toss, nudging.

Positive

Hop

Jump up and down on the spot while facing in one
direction.

Positive

Scamper

Run slowly with vertical and horizontal bouncy
movements.

Positive

Pivot

Jump or whirl around to face in a different direction.

Positive

Toss head

Perform vigorous latero-rotationary movements of
the head and neck.
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2.3 Statistical Analysis
The following analyses were performed using SPSS 20.0 (IBM, Chicago USA). The model
used to analyse piglet weight and injury score was a linear mixed model with piglet ID as the
random effect. The model included fixed effects of replicate (one or two), sow ID, sow parity
(two to seven), litter size (seven to 12), weaning pen (one to 14), teat order (front, middle or
rear located), day (-17 to 14), treatment (CON or SP), and a day by treatment interaction, a
day by teat order interaction, and a day by treatment by teat order interaction, and lactation
length was fitted as a covariate. Cortisol was transformed using log10 transformation and
analysed using a general linear model with lactation length and weight as the covariates and
fixed effects as replicate, pen, litter size, parity, sex, teat order, sampling order, treatment.
Creep feed intake was analysed in ASReml 3.0 (Gilmour et al. 2009) using a binomial
regression analysis with a logit function. Weaning pen, farrowing crate, piglet ID were fitted
as random effects and fixed effects included replicate, piglet grade (small, medium or large),
sow parity, litter size, sex, teat order, day, treatment, day by treatment interaction and day by
teat order interaction. Behaviours were transformed using log transformation and analysed
using a linear mixed model. The model included weaning pen as the random effect, number
of piglets in a pen (14-20) as the covariate and fixed effects of replicate, sex, grade,
treatment, day, and a day by treatment interaction. Data are expressed as means ± standard
error of the mean (SEM). Results were considered significant at P < 0.05.
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3. Results
3.1 Piglet weights

At the commencement of the trial, piglets in the separation pen (SP) treatment weighed the
same as the control (CON) treatment. CON piglets were heavier than SP piglets on the day
prior to weaning and on days one and two post-weaning (P<0.001, Table 5). However, on
days seven and 14 post-weaning the live weight was similar for CON and SP piglets.
A significant interaction between teat order and day was identified (Table 6). On the days
around weaning, piglets from anterior teats weighed significantly more than those from
middle and posterior teats. On days seven and 14, anterior piglets were 1.5 kg heavier than
the lightest piglets which were from posterior teats, with middle order piglets being
intermediate with almost a kilogram difference to the anterior piglets, and half a kilogram
heavier than the posterior piglets.
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Table 5. Average weight of piglets (mean ± SEM kg) in separation pen (SP and control (CON) treatment groups for days -17, -12,-7, -1, 1, 2, 7 with day 0
representing the day of weaning.
Day relative to weaning
-17
-12

-7

-1

1

2

7

14

CON

3.40 ± 0.16

4.67 ± 0.16

6.00 ± 0.16

7.64 ± 0.16a

7.64 ± 0.16a

7.91 ± 0.16a

8.60 ± 0.17

10.81 ± 0.17

SP

3.42 ± 0.15

4.64 ± 0.15

5.75 ± 0.15

6.83 ± 0.15b

7.27 ± 0.15b

7.42 ± 0.15b

8.35 ± 0.15

10.61 ± 0.15

Treatment

a-b

Means within same column not sharing a common superscript differ significantly (P < 0.001).

Table 6. Influence of teat order on weight (mean ± SEM kg) of piglets on days -17, -12,-7, -1, 1, 2, 7 with day 0 representing the day of weaning.
Day relative to weaning
-17
-12

-7

-1

1

2

7

14

Teat order
Front

3.63 ± 0.16

5.08 ± 0.16a

6.46 ± 0.16a

7.95 ± 0.16a

8.03 ± 0.17a

8.35 ± 0.17a

9.14 ± 0.17a

11.26 ± 0.17a

Middle

3.42 ±0.18

4.58 ± 0.18b

5.69 ± 0.18b

7.01 ± 0.18b

7.17 ± 0.18b

7.50 ± 0.18b

8.21 ± 0.18b

10.36 ± 0.18b

Rear

3.32 ± 0.26

4.30 ± 0.26b

5.22 ± 0.26c

6.52 ± 0.26c

6.88 ± 0.26c

6.96 ± 0.26c

7.64 ± 0.26c

9.68 ± 0.26c

a-c

Means within same column not sharing a common superscript differ significantly (P < 0.001).
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3.2 Creep feed
There was a tendency for a higher percentage of SP piglets to consume creep feed than the
CON piglets (64 ± 32.0 versus 48 ± 2.1%; P = 0.10). There was also an effect of day on creep
consumption, in that more piglets were eating creep feed as lactation progressed (Figure 3).
On the day preceding and following weaning, there was no difference in the percentage of
piglets eating creep feed (day -1: 28.5 ± 2.4%, day 1: 31.3 ± 2.9%). By day 2, 55.1 ± 3.0% of
piglets were consuming feed. By day seven post-weaning, 100.0 ± 2.9% of piglets were
consuming solid feed (Figure 3). There was no day by treatment interaction observed for
creep consumption.

e

e

7

14

Percentage of piglets eating (%)

100

80

d

60

40

c

c

-1

1

b

20

a
a

0
-17

-12

-7

2

Day relative to weaning

Figure 3. The percentage of piglets consuming creep feed on days -17, -12, -7 and -1, and

solid feed on days 1, 2, 7 and 14 with day 0 representing the day of weaning.
sharing a common superscript differ significantly (P < 0.001)

a-e

Means not
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3.3 Behaviour of piglets on days following weaning
3.3.1 Effect of day on behaviour
The number of times a particular behaviour was observed within a pen differed across days
(Table 7). Piglets lay three times more often on day one when compared with day two
relative to weaning (P < 0.01). Piglets also had 31 more feeding events per pen on day one
than on day two (P < 0.05). Some play behaviours differed between days and were performed
more often on day one than day two (Table 7). Both pivot and scampering was performed
twice as much on day one than on day two, and head tossing occurred over twice as much on
day one. There was no difference in any of negative behaviours scored over days.
Table 7. Number (mean ± SEM) of times a particular behaviour was performed within a pen
on days one and two post-weaning
Day 1
Behaviour
(number of times an event occurred)
Laying
21.5 ± 3.9

P-value1

Day 2
6.9 ± 3.9

**

Feeding

146.0 ± 14.8

115.0 ± 14.8

*

Active

11.9 ± 2.3

12.6 ± 2.3

ns

Belly nosing

1.9 ± 0.9

1.3 ± 0.9

ns

Nosing/chewing pen-mates

28.6 ± 5.2

28.4 ± 5.2

ns

Aggression

254.8 ± 30.1

195.5 ± 30.1

ns

Aggression at feeder

2.8 ± 1.3

1.6 ± 1.3

ns

Playful gestures

10.8 ± 1.7

8.0 ± 1.7

ns

Scamper

42.5 ± 8.5

21.7 ± 8.5

**

Mounting

39.4 ± 14.5

50.7 ± 14.5

ns

Hop

40.4 ± 6.7

28.2 ± 6.7

ns

Pivot

40.0 ± 5.2

19.6 ± 5.2

**

Toss head

22.4 ± 3.1

10.5 ± 3.1

***

1

ns = not statistically significant, * = P < 0.05, ** = P < 0.01 and *** = P < 0.001
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In addition to the number of times a behaviour was performed, the average length of time a
behaviour was performed differed across days. The mean duration of an aggressive event was
longer on day one (5.3 ± 0.7 seconds) when compared with day two (4.0 ± 0.7 seconds; P <
0.05) (Table 8). The mean duration of an aggressive event at the feeder was also longer on
day one (2.3 ± 0.5 seconds) than on day two (0.8 ± 0.5 seconds; P < 0.05). The mean duration
of all other behaviours did not differ in duration across days (P > 0.05.)
Table 8. Average length of time (seconds) a behaviour was performed (mean ± SEM) on
days one and two post-weaning
4657.9 ± 1442.1

P-value1
ns

56.8 ± 38.5

67.3 ± 38.5

ns

Active

2075.9 ± 395.9

1458.0 ± 395.9

ns

Belly nosing

4.4 ± 1.2

3.2 ± 1.2

ns

Nosing/chewing pen-mates

6.8 ± 4.9

14.8 ± 4.9

ns

Aggression

5.4 ± 0.7

4.0 ± 0.7

*

Aggression at feeder

2.3 ± 0.5

0.8 ± 0.5

*

Playful gestures

4.0 ± 0.8

4.4 ± 0.8

ns

Scamper

3.0 ± 0.4

3.2 ± 0.4

ns

Mounting

10.0 ± 2.0

7.8 ± 2.0

ns

Hop

-

-

-

Pivot

-

-

-

Toss head

-

-

-

Behaviour (seconds)
Laying

Day 1
1796.5 ± 1442.1

Feeding

1

Day 2

ns = not statistically significant, * = P < 0.05, ** = P < 0.01 and *** = P < 0.001

41

The total length of time piglets spent performing a given behaviour within a pen differed
across days (Table 9). The total time piglets spent laying was significantly higher on day two
than on day one post weaning. The total duration of piglets being active was longer on day
one than on day two post-weaning (P<0.05). The total time piglets spent performing
aggressive behaviours was higher on day one than on day two. Piglets also spent a higher
amount of time scampering on day one.
Table 9. Total duration (minutes) of a given behaviour (mean ± SEM) observed within a pen
on days one or two post weaning1
Behaviour (minutes)

Day 1

Day 2

P-value

Laying

290.2 ± 20.4

324.4 ± 20.4

**

Feeding

107.0 ± 13.4

125.3 ± 13.4

ns

Active

310.6 ± 12.9

272.8 ± 12.9

*

Belly nosing

4.36 ± 1.27

3.15 ± 1.27

ns

Nosing/chewing pen-mates

3.58 ± 1.0

5.4 ± 1.0

ns

Aggression

21.0 ± 2.7

13.7 ± 2.7

*

Aggression at feeder

0.2 ± 0.1

0.0 ± 0.1

ns

Playful gestures

0.7 ± 0.2

0.7 ± 0.2

ns

Scamper

2.0 ± 0.4

1.2 ± 0.4

*

Mounting

9.0 ± 3.9

11.2 ± 3.9

ns

Hop

-

-

-

Pivot

-

-

-

Toss head

-

-

-

1

ns = not statistically significant, * = P < 0.05, ** = P < 0.01 and *** = P < 0.001
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3.3.2 Day by treatment interactions for piglet behaviour following weaning
A number of agonistic behaviours differed between treatments across days. Whilst the
frequency of belly nosing was unaffected, the mean duration of a belly nosing event was
longer on day one post-weaning in the CON compared to SP piglets (6.3 ± 2.0 versus 2.4 ±
1.3 sec; P < 0.05), but this treatment effect had disappeared by day two (Figure 4).
9

*

Mean belly nosing duration (sec)

8
7
6
5
4
3
2
1
0
1

2
Day following weaning
Control
SP

Figure 4. Mean length of time belly nosing event was performed (mean ± SEM) on days one
and two post weaning for both control (CON) and separation pen (SP) treatments. *
represents significant effect of treatment within day (P < 0.05).
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Similarly, the frequency of aggressive events was unaffected by treatment across days,
however, the mean duration of an aggressive event was longer on day one in the CON
compared to SP piglets (6.5 ± 1.1 versus 4.2 ± 0.8 seconds; P < 0.05), but this treatment
effect had disappeared by day two (Figure 5). There were no further treatment effects across
days for any of the other behaviours examined.

Mean aggresive interaction duration (sec)

8

*

7
6
5
4
3
2
1
0
1

2
Day relative to weaning
Control
SP

Figure 5.The mean length of time an aggressive event was performed (mean ± SEM) on days
one and two post weaning for both control (CON) and separation pen (SP) treatments. *
represents significant effect of treatment within day (P < 0.05).
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3.4 Injury Score
The scores used to subjectively quantify the level of aggression in piglets differed between
treatments across days. Scratch score was significantly lower in SP piglets (Figure 6; P <
0.001) on all days, with the exception of day 14 (day -1 0.32 ± 0.06, day one 0.78 ± 0.06, day
two 0.95 ± 0.06, day seven 0.48 ± 0.06) when compared with CON (day -1 0.52 ± 0.06, day
one 0.99 ± 0.06, day two 1.30 ± 0.07, day seven 0.87 ± 0.07). By day 14, there was no longer
a treatment effect for scratch score.

*

1.5

*
*
Scratch score

1.0

*
0.5

0.0
-1

1

2

7

14

Day relative to weaning
CON

SP

Figure 6. Scratch score (mean ± SEM) for control (CON) and separation pen (SP) treatments
on days -1, 1, 2, 7 and 14 relative to weaning. * represents significant effect of treatment
within day (P < 0.05).
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Similarly, redness score was influenced by treatment across observation days (Figure 7).
Redness score was significantly lower in SP piglets (Figure 7; P < 0.001) on all days with the
exception of day -1 (day -1 0.14 ± 0.06, day 11.22 ± 0.06, day two 1.53 ± 0.07, day seven
1.11 ± 0.07 and day 14 0.55 ± 0.06) when compared with CON piglets (day -10.22 ± 0.0.62,
day one 1.07 ± 0.06, day two 1.08 ± 0.06, day seven 0.82 ± 0.64 and day 14 0.85 ± 0.07).

2.0

*
1.5

Redness Score

*

*
*

1.0

0.5

0.0
-1

1

2

7

14

Day relative to weaning
CON
SP

Figure 7. Redness score (mean ± SEM) for control (CON) and separation pen (SP)
treatments on days -1, 1, 2, 7 and 14 relative to weaning. * represents significant effect (P <
0.05) of treatment within day.
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3.5 Cortisol
The order of blood sample collection had no effect on circulating plasma cortisol
concentration. However, cortisol concentrations were lower on day -1 for CON compared to
SP piglets (44.7 ± 5.0 versus 66.8 ± 5.1 nmol/L; P < 0.05). This treatment effect had
disappeared by day one (Figure 8).

80
70

Cortisol (mmol/L)
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*
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-1

1
Day relative to weaning
CON

SP

Figure 8. Cortisol (nmol/L; mean ± SEM) for control (CON) and separation pen (SP)
treatments on days -1, and one relative to weaning. * represents significant effect (P < 0.05)
of treatment within day.
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Change in plasma cortisol concentration from day -1 to day one relative to weaning also
differed across treatment (Figure 9; P<0.05). Cortisol increased in CON piglets post-weaning
(18.7 ± 13.3 nmol/L), whilst the weaning event induced a decrease in cortisol in the SP
piglets (-12.3 ± 14.1 nmol/L).
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Figure 9. Change in plasma cortisol concentration (mean ± SEM; nmol/L) over weaning (day
-1 to day 1) for both the control (CON) and separation (SP) treatments, P < 0.05.
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4. Discussion
This investigation has identified that piglets experiencing a gradual increase in sow
separation show a reduction in the post-weaning growth check and increased creep feed
ingestion which supports previous findings. It was also shown that gradually weaned piglets
exhibit fewer negative behaviours and a decreased cortisol response to weaning when
compared to those piglets that are abruptly weaned. These novel findings suggest that in
addition to previously reported increases in creep consumption, a reduction in the level of
stress may help to explain differences in the performance of gradually weaned piglets.

4.1 Piglet liveweight and growth performance pre- and post- weaning
Consistent with previous studies (Pajor et al. 1999; Weary et al. 2002), the current data
demonstrated that sow-piglet separation pre-weaning reduced piglet weight at weaning. SP
piglets weighed less before weaning and this is most likely due to reduced suckling
opportunities caused by sow separation. This has been shown to be the case previously,
where decreased milk intake can cause reduction in weight gain in gradually weaned piglets
(Kuller et al. 2004). Although creep feed was provided, Kuller et al. (2004) also suggested
that if piglets separated from the sow still hear suckling vocalisation (such as the CON sows),
it may cause distress to the separated piglets leading to lower consumption of creep feed.
Thus, the reduced suckling opportunities combined with distractions inhibited creep
consumption and may explain the slower growth in the gradually weaned piglets during
lactation.
CON piglets experienced a ‘growth check’ whilst SP piglets continued to grow post weaning.
This could be due to the increased pre-weaning creep consumption that gradually weaned
often experience during lactation. As Kuller et al. (2004) explained, gradually weaned piglets
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experience hunger after several hours of separation and will turn to alternative sources for
energy, in this case, creep feed. There was a tendency for more SP piglets to consume creep
feed pre-weaning leading to digestion of the creep feed more readily. As gastrointestinal
function can be disrupted during an abrupt wean, CON piglets may have not been able to
digest the creep feed as readily as the SP piglets and thus experienced a growth check after
weaning (Berkeveld et al. 2009). As CON piglets did not experience a gradual wean, they
may have not adjusted to the cereal based diet and thus experienced a growth check after
weaning. The continued growth of the SP piglets after weaning meant that there were no
treatment effects evident by the end of the study. So whilst gradual weaning hinders piglet
growth before weaning, an improvement in growth post-weaning means that there are no
adverse outcomes of gradual weaning for long term piglet performance.
It was anticipated that teat order may interact with the gradual weaning treatment with
regards to piglet creep consumption and thus, weight. Although there were no effects of the
separation treatment on piglet weight relative to teat position, middle and posterior sucking
piglets were identified to be at a significant disadvantage to anterior sucking piglets when it
comes to growth post-weaning. Previous studies have reported that piglets on anterior teats
grow faster post-weaning (Kim et al. 2000; Mason et al. 2003), although the effect of teat
order was not as severe as in the present investigation. There are significant implications in
this growth difference post-weaning, as posterior located piglets failed to gain enough weight
to be on par with the other teat orders by day 14 post-weaning. The difference between the
teat orders may continue through to slaughter, resulting in an older slaughter age. Research
into increasing the milk production from posterior teats may be a possible way to improve
performance and limit the teat order effects.
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4.2 Creep feed
As expected, more piglets consumed creep feed as lactation progressed. Multiple studies have
shown that gradually weaned piglets consume more solid feed early post-weaning (Berkeveld
et al. 2007; Pluske et al. 2007; Kuller et al. 2010; Yan et al. 2011). Contrary to these studies,
there was no day by treatment effect observed in this study, thus gradually weaned piglets
failed to consume a greater amount creep feed before weaning. Kuller et al. (2004) showed
that gradually weaned piglets can be more restless as they may hear sows which are not
separated from their piglets giving nursing vocalisations. This may lead to piglets visiting the
creep feeder less during this time of restlessness. This may be one reason why the SP piglets
in this study did not eat more creep feed than the CON piglets as was expected. Whilst there
was no treatment effect on specific days, creep consumption overall tended to be higher in the
SP piglets than CON. This is most likely due to an increased statistical power when creep
consumption measures were combined across all measurement days. This suggests that an
insufficient number of piglets were measured in order to detect treatment effects on creep
consumption.
There is limited knowledge on how teat order may effect creep consumption in gradually
weaned piglets. This study identified no effect of treatment on creep feed over days, and thus,
creep consumption by teat order was also unaffected. Pluske et al. (2007) found that the
effectiveness of gradual weaning may be limited by teat order, as piglets suckling from
anterior teats may meet all their nutritional needs via milk where posterior located piglets
consume more creep feed due to the lower milk yield. Pluske et al. (2007) suggested that
posterior located piglets may benefit the most from gradual weaning and provision of creep
feed. The fact that current findings disagree with this previous suggestion is intriguing, and
further investigation of the effects of piglet teat order within gradual weaning treatments is
warranted.
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4.3 Behaviour and injury scores
The increased incidence of certain behaviours, or the performance of a behaviour when
unexpected, can often be an indicator of the animal’s inability to cope with the situation.
Although many behaviours analysed in this study were unaffected by treatment, two
important behaviours often cited as occurring more frequently under times of stress in piglets,
belly nosing and aggression, showed a significant difference between treatments. Belly
nosing and aggressive interactions were both significantly longer in the CON group when
compared to SP group. Belly nosing has long been described as a key indicator for piglets
experiencing maladaptation to weaning (Cox and Cooper 2001; Straw and Bartlett 2001;
Jarvis et al. 2008; Widowski et al. 2008). The repetitive nosing of another piglet’s abdomen
may suggest that piglets are still attempting nursing behaviours and not attempting to
consume solid feeds early post weaning (Widowski et al. 2008). The CON piglets in the
study wherein spent a longer length of time performing belly nosing, suggesting they did not
adapt well to weaning compared to those gradually weaned. The receiver of a belly nosing
event may also experience increased stress by being the target of the event. Aggression is
another typical behavioural indicator of weaning stress (Worbec et al. 1999). The length of
time CON piglets performed each aggressive event was longer that SP piglets. The longer
duration of a single aggressive interaction in the CON piglets may indicate that the CON
piglets were failing to cope with the mixing of unfamiliar pen-mates after weaning. Piglets
often exhibit skin damage as a result of being the recipient of piglet directed behaviours.
Olesen et al. (1996) showed there was a positive correlation between duration of fighting and
injury scores, where piglets exhibit skin damage as a result of being the recipient of piglet
directed behaviours (Widowski et al. 2003). McGlone and Curtis (1985) found that bites and
other damaging behaviours occur more frequently later in a fight and may be indicative of the
greater injury scores in CON piglets of this study.
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Scratch and redness scores were higher on almost every day after weaning. Injury scores are a
useful subjective estimator of aggression as damage often results from piglet directed
behaviours (Widowski et al. 2003). The increased length of aggression, therefore, helps to
explain why there was a higher scratch and redness score in CON than SP piglets. These
results may provide evidence that these subjective scores are adequate to detect changes in
aggression levels and may be used when video recording cannot occur.
Interestingly, the scratch score was higher the day before weaning in the CON piglets. It can
be suggested that piglets may have had an increased injury amount before weaning due to the
limited space within the farrowing crate, were SP piglets had a greater area of space whilst
the sow was in the separation pen. It has been shown that sows, when given greater space
allowance, will be able to avoid aggressive interactions more readily (Salak-Johnson et al.
2012). This may be the same in piglets. Injury score may also have been reduced in the SP
treatment as gradually weaned piglets have decreased suckling events during lactation and
therefore, do no compete to get to a teat as often (Kuller et al. 2010). This may result in
reduced injury due to nursing aggression compared to CON piglets that have more frequent
nursing events.
The occurrence of some positive play behaviours changed over days, with scampering being
performed longer and more often on day one. Play behaviours are thought to occur in the
absence of stress and when all need of the animal are met (Newberry et al. 1988), thus the
decrease in these behaviours may be due to the incidence of aggression and post-weaning
anorexia. There are minimal studies on how play behaviours are affected in gradual weaned
piglets making it hard to determine the cause of this decrease over the two days. It is a
possibility that play behaviours could be misleading, with a startled run being classed as
scampering. Considerations for this should be taken when analysing behaviours and more
studies should be conducted to define if each behaviour is truly associated with stress or not.
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4.4 Cortisol
Previous investigations have failed to measure plasma cortisol in piglets and cite that this as
being due to the high risk of diurnal variation and effect of sampling itself on cortisol
secretion. Early work by Worsaae and Schmidt (1980) analysed cortisol levels in early
weaned piglets, but failed to examine or report the effects of sampling order. The present
results have highlighted that there was no effect of sampling order in which piglets were bled
on cortisol concentrations due to careful time management, and more than one team bleeding
piglets at a given time, and thus we could establish accurate results could be established as a
response to weaning.
Cortisol levels were significantly higher in SP piglets prior to weaning. Weary et al. (2008)
discussed how different biological indicators underlie maternal attachment. Cortisol may be
one indicator which can demonstrate an acute response to maternal separation. It may be that
the SP piglets in this study experienced an acute response to maternal separation as bleeding
occurred during the separation period when the sow was located in the rear pen. Diurnal
rhythm may also have been shifted by the separation regime leading to the increased cortisol,
however, as piglets were only bled once before weaning it is impossible to detect if this is so.
A reduction in cortisol in the SP piglets over weaning does, however, suggest piglets showed
a reduced stress response to the weaning event. The CON piglets exhibited increased stress
response to weaning, which was evidenced by the significant increase in cortisol
concentration from pre- to post- weaning. Future research should be conducted to detect
whether the alternative lactation housing had an effect on the gradually weaned piglets
cortisol response during lactation to help explain the high levels witnessed in this study.
Elevated plasma cortisol concentration in the CON piglets may be due to separation anxiety.
Minimal studies have been done in piglets to explain this cortisol effect in gradual weaning
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experiments, however, it has been demonstrated in calves. Flower and Weary (2001) showed
that social group disruption can have a profound influence on cortisol and may be an
indicator of separation anxiety. When the age of the animal increases, this influence becomes
more pronounced, suggesting that as CON piglets experienced sow separation at an older age
than the SP piglets, a more pronounced response to this separation occurred. Research into
the effects of gradual weaning on cortisol response is limited and more investigation is
needed to clarify the results of this study.

5. Conclusion
In conclusion, performance results from this investigation support others in that weight gain
after weaning is improved by sow separation in lactation inducing a gradual wean.
Importantly, SP piglets displayed a reduction in cortisol concentrations as a response to the
weaning event and showed less maladaptive behaviours, suggesting there was a reduction in
weaning stress. This unique finding of a reduced stress response in gradually weaned piglets
may help to explain the difference in post-weaning performance. The importance of
clarifying that cortisol sampling was unaffected by the order of which samples were collected
will encourage future studies to incorporate piglet cortisol measurement when investigating
welfare. Overall, this study was able to provide interesting results on the impacts of weaning
stress and how alternative lactation housing may be beneficial in alleviating some of these
stressors.
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