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This dossier is a compilation of materials drawn from current scientific and technical works on
the physiological and behavioural characteristics and needs, cognitive abilities, and emotions
of pigs. The information it contains allows readers to establish an initial understanding of this
topic, but it makes no claims to be comprehensive, as not all the scientific literature in this field
has been investigated.

The contents of the dossier are all taken from refereed scientific publications and references
are provided. Data from French-language publications cited in the text have been translated
into English. To see the originals, please refer to the relevant publications in French. Where a
text is summarised, no quotation marks are used but the text is referenced. Where appropriate,
to aid understanding, text [in square brackets] has been added by the FRCAW to quotations
to provide context.

The FRCAW would like to thank the co-authors of this document: Genevieve Aubin-
Houzelstein, FRCAW, INRAE; Valérie Courboulay, IFIP; Maxime Delsart, ENVA; Elodie
Merlot, INRAE; Séverine Parois, ANSES and Céline Tallet, INRAE, along with the members
of its Steering Committee who helped to review the document. Thanks also go to Teresa
Bridgeman for translation and editorial work on the English version.

Cover illustrations. Front cover: Free-range pig farm. Post-weaning ark with straw bedding. Copyright ©
Christophe MAITRE INRAE. Back cover (clockwise from top left): Pitman-Moore minipig nestled against
its mother. Copyright © Henri FLAGEUL INRAE. Fattening pig rooting for food. Copyright © Michel
MEURET INRAE. Pigs with full tails. Copyright © Friedrich-Loeffler-Institute. Yucatan minipig. Copyright
© Henri FLAGEUL INRAE.
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1. Pigs: their characteristics and needs

1.1. Domestication of pigs

We know from molecular genetic evidence that the Sus Scrofa species first appeared in South-
East Asia between 5.3 and 3.5 million years ago [1]. The domestication of wild pigs by humans
began in many independent locations in Eurasia around 9000 years ago. Our modern
European species are descended from the wild pig populations of central Europe and were
crossed with Asian pigs from the eighteenth century onwards. These pig populations evolved
initially through natural selection (without human intervention) and then through genetic
selection until the contemporary domestic pig, Sus scrofa domesticus, was arrived at.
Repeated crossbreeding between domestic pigs and wild boar occurred alongside this
evolution, particularly in Europe [1]. Contemporary domestic pigs vary greatly in their size,
morphology and behaviour [2, 3].

Domestication has influenced the behaviour of pigs, making them less alert to predators and
more receptive to human contact. Genetic selection has accelerated since the 1970s, driven
by the search for improvements in reproductive capacity, growth rates, feed efficiency and
physical conformation, to the detriment of behavioural activities [3-5]. Currently, the
vitality/viability of piglets at birth and maternal behaviour have also become traits of interest
[4]. Scientific studies have shown that certain social characteristics, such as aggressiveness,
have a genetic component, opening up pathways for further future selection [6].

Changes in farming practices and living environments that have been introduced only very
recently in the evolutionary history of pigs can lead to welfare problems where they fail to match
a pig’s environment to its behavioural needs. The study of the free/unconstrained behaviour of
domestic pigs in natural or semi-natural environments can provide valuable insights into the
range and roles of pig behaviours [3,7]. Care must, however, be taken to factor in the
considerable variation between breeds and the impacts of human selection on the natural
behaviours of current breeds.

Where there are differences between behaviours in the wild (see Erreur ! Source du renvoi i
ntrouvable.) and in a farmed environment, this may indicate features of a pig’s behaviour that
are either being prevented, or for which insufficient stimulation is provided. Domestic pigs can
adapt to living conditions that are similar to those in the wild. This suggests that, despite
intensive genetic selection, domestic pigs have retained their behavioural capacity to adapt to
life in the wild [3].

Box 1 Definitions of ‘natural’, ‘semi-natural’ and ‘(semi-)free’ behaviours and environments

‘Natural’ behaviour describes the behaviour of wild boar, domestic pigs or feral pigs (i.e.,

domestic pigs returned to the wild), as observed in studies conducted ‘in the wild’. [8]. Authors

variously describe their studies as having been conducted either:

¢ ‘in the wild’, where wild boar or feral pigs have lived in the wild for many generations ([8-
11], or

¢ ‘in a semi-natural environment’ [12], where pigs are either ‘semi-free ranging’ [13] or ‘free-
ranging’ [14]. Here, domestic pigs are kept in enclosed natural environments and have
access to shelters (arks with straw) for all or part of the year.

In the remainder of this document, the phrase ‘in semi-freedom’ has been selected to describe

the latter situation.
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1.2. Reproduction [2, 15]
Reproduction is seasonal and linked to the number of daylight hours.

Oestrus is the phase of the reproductive cycle during which the female is fertile and seeks to
mate. In the wild and in semi-freedom, oestrus in sows is synchronised, they conceive in
autumn and on occasion, when food is plentiful, again in late spring, giving birth (farrowing)
around February-March and August-September. On conventional modern farms, pigs
reproduce all year round ([7], p. 35).

Oestrus lasts approximately 72 hours ([7], p.35). The presence of an adult male stimulates
ovulation in sows via visual, auditory, tactile and olfactory cues, including pheromones, the
signal-carrying chemical substances secreted by other individuals [16]. The signs of oestrus in
all environments are: red and swollen vulva, mucus discharge, loss of appetite, a particular
form of grunting, nervousness, increased activity and interest in social contacts, increased
interest in the boar as well as ‘standing heat’ (catatonia) and characteristic erect positioning of
the ears (‘popping’) when pressure is applied to the back.

If the sow is not impregnated, she returns to oestrus after 3 weeks. Following gestation and
lactation, the sow returns to oestrus around 8 days after weaning.

For breeding, fertilisation is most often carried out by artificial insemination, but the presence
of a boar is generally necessary so that the farmer can detect sows in oestrus on the basis of
their behavioural response to the passage of the boar outside the pen [17]. If fertilisation fails
on several consecutive occasions, the sows are culled.

Puberty occurs at varying ages depending on the breed, but generally occurs between 160
days (5 months 10 days) and 265 days (8 months 15 days) in females, with an average of 190
days (6 months 10 days) for European breeds ([7], p.34). Puberty is reached when the
behavioural signs of oestrus synchronise with ovulation ([7], p.34). Male puberty occurs at
between 5 and 7 months. This is the age at which, in the wild, young males leave the group in
which they have grown up to live on their own or in pairs. They will re-join the females only for
the breeding season ([7], p.38).

In males, puberty is accompanied by increased production of steroid hormones, particularly
the two steroids, androsterone and scatol, and this gives the meat an odour considered
unpleasant by some consumers [18]. It is to avoid these sexual odours that male piglets are
frequently castrated during their first week of lifel.

Gestation (pregnancy) lasts from 113 to 117 days in sows (commonly expressed simply as 3
months, 3 weeks and 3 days) ([19]; [7], p.35). Sows give birth to young that are already
autonomous in sensory and motor terms (unlike rabbits, rodents or primates).

Development (i.e., from birth to maturity, having reproduced at least once) takes around 1 year.

Sow longevity: In 2015 in France, conventionally-farmed sows produced an average of 4.8
litters [20]. Even though some sows can produce 20 litters, early culling is still common, with a
quarter of sows being removed from the herd before their third farrowing [20]. These figures
can be explained by the productivity of the sows (prolificacy levels), losses caused by breeding
accidents, and management choices made by farmers [20]. The technical recommendation for
sow herd demographics is to maintain an age pyramid, with 20% of sows in their first
pregnancy [21].This calls for a fairly rapid renewal of sow generations. Data on the maximum
lifespan of a sow are rare, but this probably exceeds 15 years [2].

Y In France, the live castration of piglets has been banned since 1 January 2022. Only surgical castration with
anaesthesia and analgesia and without tearing the tissue is permitted. The alternatives for farmers are to raise
whole males or males vaccinated against boar taint, provided that the abattoir they supply accepts this type of
animal.
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The prolificacy level is the average number of piglets born (alive or dead) per litter. Under
natural conditions, feral pigs are estimated to produce litters of 3 to 6 piglets on average [3],
although older studies on domestic pigs in semi-freedom have suggested higher prolificacy
rates than this (Erreur ! Source du renvoi introuvable.). In conventional farming, the p
rolificacy level is considerably higher. In France in 2021, the average number of piglets born
alive per litter was 15.1 [22]. Prolificacy depends on the breed and has significantly increased
with genetic selection: in 2020, on livestock selection farms, an average of 16.7 piglets were
born alive per litter to Large White sows, while the average for Piétrain sows was 10.5 [23].
This increase in litter size has been accompanied by an increase in the complexity of the
rearing environment for suckling sows in an attempt to limit piglet mortality by crushing. This
increased environmental complexity causes restricted movement, general discomfort,
deterioration in body condition and injuries [24].

Table 1 Prolificacy figures for semi-free-range sows based on studies published between
1985 and 1992

Number of . Number of piglets/litter
Publication Breed litters el sl o) de_velopment
: at counting _
studied Average [Minium-
9 Maximum
Swedish
[25] Landrace 9 Newly born (live births) 9.5 [6-11]
(SLR)
Newly born (live births) 10.6 [7-12]
[26] SR 9 At weaning (16 weeks) 7.6 [7-9]
[27] SLR 10 Up to 9 weeks old 7.1 ND
Large
[28] White 7 Up to 10 days old 9 [2-13]

1.3. Sow lactation and pre- and post-natal piglet development

Neonatal survival

Because of the large number of piglets born per litter, there is a risk of perinatal mortality and
morbidity and of competition for teats. The average pre-weaning mortality rate for live-born
piglets on French farms was 14.6% in 2019 [29]. More than two-thirds of the mortalities
recorded during the lactation period occur in the first three days after birth. This mortality rate
is mainly due to piglet hypothermia caused by insufficient colostrum consumption.
Hypothermia induces lethargy, which in turn leads to the death of the piglet through malnutrition
or crushing [30]. Livestock farmers often set up a nesting area within the pen and equip it to
keep the piglets warm with, for example, mats, partitions and heating devices such as lamps.

Pre- and post-natal development (from Pond et al. [2] and Nielsen et al. [7]):

The fetal environment affects post-natal development. The gestating sow's food intake
influences the weight and viability of newborns. There is great variability in the weight of
neonates born in semi-freedom (from 400 g to 2 kg) and on conventional livestock farms
(ranging from 600 g to 2.4 kg in Quiniou et al. [31] for example). Average newborn weight
decreases and in-litter weight variation increases with the number of pups per litter, and the
chances of piglet survival in the days following birth correlate with birth weight [24].

Piglets are born with 4 incisors and 4 canines. These teeth are very sharp and can cause
injuries to the mother's teats and to other piglets [32, 33]. It is possible for livestock farmers to
remove the canines and upper and lower lateral incisors, but this is subject to regulatory
restrictions because of its detrimental effect on the pig welfare [34, 35]. Complete milk dentition
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comprises 28 teeth and permanent dentition 44 teeth. The age at which the different teeth
appear is shown in Table 2.
In adult males, the canines grow outside the mouth.

Table 2 Age of appearance of teeth in pigs (cited in [36])

Tooth Milk teeth Permanent teeth
Incisor 1 2-4 weeks 12 months
Incisor 2 2-3 months 16-20 months
Incisor 3 before birth 8-10 months
Canine before birth 9-10 months
Premolar 1 5 months 12-15 months
Premolar 2 5-7 months 12-15 months
Premolar 3 and 4

upper 4-8 days 12-15 months

lower 2-4 weeks 12-15 months
Molar 1 - 4-6 months
Molar 2 - 8-12 months
Molar 3 - 18-20 months

Lactation

Newborn piglets typically find their mother's teats within 30 minutes of farrowing and ingest
colostrum within a few hours ([7], p. 36). Within 16 hours of birth, they develop a cyclical
behavioural pattern, suckling every 40 to 60 minutes and resting in between. In the first few
days of life, piglets will develop a fixed order of access to the mother’s teats, with a given piglet
generally always suckling at the same teat or pair of teats. Suckling consists of several phases:
during the initial massage phase of about 40 to 60 seconds, piglets massage the teats with
head movements, triggering the milk ejection phase, which lasts about 20 seconds and is
followed by a final massage phase of highly variable duration, ranging from 30 seconds to 10
minutes [3].

A sow’s milk production increases with litter size and depends on various factors relating to
the sow (litter number, lactation stage), the piglets (birth weight, interval between feedings),
and the ambient environment (day length, noise and temperature levels). The hyperprolific
sows now increasingly found on farms produce more than 10-12 kg of milk per day [37],
allowing piglet weight gain for the litter of between 1 and 4 kg per day, depending on litter size
[38], which may represent as much as 16 kg of milk in a day [37, 39]. The composition of the
milk changes during lactation, but is very little influenced by nutritional factors, apart from the
lipid fraction, which is influenced by the level and nature of lipids in the feed. A nutritional
deficiency in energy or amino acids does not affect milk production as long as the sow is able
to compensate for the deficit by drawing on her bodily reserves [37].

Need for colostrum

A piglet’s colostrum intake during the first few hours of life is very important. It provides the
energy required to maintain body temperature and to suckle. It also provides the piglet with the
factors from the mother’'s immune system needed to protect it during its first weeks of life. This
is known as ‘passive’ immunity [30].

As in all mammals, the immune system in piglets is not fully developed at birth, providing poor
protection against the microorganisms in their environment [40] and leaving newborn piglets
open to infection by various pathogenic agents (digestive, respiratory or systemic) to which
they are not yet able to respond appropriately. Unlike primates and rodents, for example, pigs
cannot transmit immunoglobulins from maternal to fetal blood via the placenta. This means
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that a piglet’s passive immune protection during its first weeks of life is strongly dependent on
how much colostrum it ingests in the first 10 hours after birth, since, as stated above, this
colostrum contains important immune factors (maternal antibodies and immune cells,
antimicrobial agents), some of which will pass into the piglet's blood [41]. Once this period
immediately after the onset of farrowing has passed, the colostrum is replaced by milk and the
piglet's intestinal wall loses its permeability, at which point the antibodies and antimicrobial
compounds contained in the milk protect only the piglet's digestive system (through local
action).

Weaning

In semi-freedom, weaning is gradual [42]. Weaning is considered to be complete when the
udders are clearly involuted and the piglets are no longer seen suckling. Different studies have
reported the completion of weaning to be from 8 to nearly 20 weeks after farrowing. [28, 42].
In conventional farming in France, piglets are most commonly weaned at 3 or 4 weeks of age,
in accordance with the regulations. These prohibit weaning before a piglet is 28 days old,
except for health reasons, but allow weaning up to 7 days earlier if operational measures are
taken to reduce ‘as far as possible the risk of disease transmission to the piglets’ [43]. The
practice of weaning on conventional farms involves physical separation from the mother, the
mixing of litters unfamiliar to each other, a change in physical environment (sometimes
associated with transport to a different farm), and the abrupt withdrawal of maternal milk,
requiring adaptive changes to the digestive system. Weaning is considered to be a particularly
stressful event in a pig's life ([3], [7], p.37). A number of practices are available that help pigs
adapt to weaning. These include the provision of solid feed in addition to maternal milk and
early socialisation (allowing contact between piglets from different litters).

In organic farming, the minimum age for weaning is 40 days, as required by the European
Union regulations [44, 45]. This encourages the introduction of solid feed to the ration from 3-
4 weeks of age [46], thereby stimulating the ability to digest this type of feed [47]. When reared
outdoors, piglets start to consume solid feed earlier and in greater volumes than their
counterparts reared under cover from three weeks of age [48].

A piglet’s acquisition of behavioural, digestive and immunological maturity is gradual and the
process is not yet complete at 28 days [49]. For example, with regard to behaviour, one study
has shown that an increase in age at weaning from 19 to 28 days significantly reduces the
prevalence of belly-nosing behaviour in piglets during the three weeks following weaning [50].
This behaviour is considered to be a sign of stress in the post-weaning period caused by the
loss of contact with the mother [50]. Equally, a study of the digestive tract in piglets has
observed this organ’s morphological development and function to be less mature in piglets
weaned at 14 days than in those weaned at 28 days [51].

While studies vary widely in their conclusions concerning the impact of age at weaning on
piglet welfare, 21 days emerges as a pivotal age below which there is a significant impact on
welfare ([7], p. 225). Few studies of the welfare consequences of weaning beyond 28 days
have been conducted, but it would appear that, subject to good rearing conditions and
practices, the benefits of weaning beyond 28 days are marginal ([7], p. 225).

1.4. Feeding and watering

Pigs are monogastric, omnivorous and opportunistic. As a result, they can be reared in a
variety of environments and adapt their diet to available foodstuffs ([7], p.33).

In the wild, pigs have a varied diet consisting mainly of grasses, fruit, nuts, mushrooms, leaves,
insects, sap and roots [52]. Plants form up 90% of their diet, with the remaining 10% comprising
animal products such as worms, crustaceans, insects, small amphibians, reptiles and rodents
[3]. Foraging essentially involves rooting and nosing in the soil, but pigs may also graze and
browse above-ground vegetation.
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In semi-freedom, this activity is carried out during the day and evening, but feral pigs may shift
their foraging to night time in response to the pressures of hunting by humans [3]. Under semi-
free range conditions, domestic pigs spend 6 to 8 hours foraging for food, even when fed a full
ration of commercial feed ([7], p.33).

In livestock farming, pig feeding behaviour is essentially dictated by feed distribution
schedules. Feed is largely formulated from plant-based raw materials (cereals, oils, molasses,
soya or rapeseed cakes, pulses, milling by-products, etc.). Pigs are generally fed ad libitum or
in a similar system, with the exception of pregnant sows, whose ration is restricted to prevent
them from becoming too obese towards the end of gestation and to avoid problems during
farrowing. This dietary restriction can lead to oral stereotypies [53] if the sow has no source of
fibre (via the feed or straw bedding).

The amount of water ingested varies according to physiological stage and the individual
concerned. For growing animals, water consumption is considered to represent on average
10% of live weight, i.e. 1 to 4 L/day during post-weaning and 4 to 12 L/day during fattening;
the calculation for sows is 15 to 20 L/day during pregnancy and 20 to 35 L/day during lactation
[54].

According to Ramonet et al. [55], water intake follows a nychthemeral (24-hour) rhythm closely
linked to the pattern of feed consumption: 90% of water is ingested in the period from 10
minutes before to 10 minutes after a meal. A thermoneutral growing pig that is being fed dry
feed and water ad libitum consumes between 2.1 and 2.7 L of water per kg of feed ingested,
a proportion that doubles when the ambient temperature exceeds 30°C [55].

‘Only permanent access to drinking water enables the animal to meet its physiological needs
at all times. [...] If water intake is deferred, physiological needs are not met at certain times,
but this has no impact on the pig's physiology, provided that the body's water content does not
fall by more than around 1%. However, this decrease introduces a prolonged sensation of
thirst, negatively affecting its well-being.’ [55]

1.5. Space: requirements and uses

Use of space

In the wild, except during farrowing, pigs choose to lie in groups in particular areas that offer
shelter where possible and allow good visibility of their surroundings [56]. A study carried out
on captive wild boars in a zoo enclosure with different areas (including a wooded area, a mud
pool, a pond, two shelters, areas of soft ground and areas of hard ground) showed that they
used all the areas, associating particular uses with each [57].

Indoors, pigs prefer to rest and sleep in a dedicated area, in contact with a wall, and leave the
central part of the pen free to move around [2]. If the weather is hot, they will choose to lie at
a distance from each other, on fairly cool floors, for example in the shade or in a pen if they
live outdoors, or on slatted floors or concrete if they live inside. If the weather is cold, they will
choose to lie close together on warmer ground, for example in the sun or in a bed of straw or
an alternative available substrate.

Pigs keep their living quarters as clean and dry as possible, adding or removing bedding
regularly ([7], p-33). Given the opportunity, pigs defecate in well-defined places, often close to
a wall or a corner, and always in the least comfortable part of their stall. In semi-freedom, they
choose a site a short distance from their lying area but well separated from their feeding area
[2]. Thus, if pigs are lying in their own excrement, this indicates a problem: either they are too
hot and are wallowing in their excrement to cool down, or they lack the space to maintain a
dedicated dunging area [58].

Pigs need sufficient and enriched space to correctly perform what are highly motivated
behaviours, including exploration, socialisation, lying down, play behaviours and escape from
aggressors ([7], p. 226).
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Floor area

The posture of resting pigs depends largely on thermal conditions [59]. Pigs lie on their sides
(lateral position) in warm conditions (27°C) and on their bellies (sternal position, or prone) in
cold conditions (18°C). In a thermoneutral situation, 60% of pigs lie on their sides, in a lateral
recumbent position [60]. In this position, they occupy more space than in the sternal position,
which itself takes up more space than the standing position ([60] cited in [7], p.156). The
surface area required for lateral recumbency in a 100 kg pig is calculated to be 0.76 m2 per
animal [60]. Other factors contribute to a pig’s lying surface area requirements, such as group
size and floor type, and these interact with the thermal conditions.

To protect the pigs’ welfare, the total surface area must meet resting requirements, but must
also take into account social distance, giving pigs the opportunity to isolate themselves or
interact, and the use of space for other activities such as accessing resources (feed, water,
cool area in summer, etc.) and disposal of excreta [61, 62]. Insufficient space can thus affect
animal behaviours.

For pregnant sows, Figure 1 demonstrates the links between the surface area available to the
sow and the expression of various behaviours [7].

1
Freedom of
movement
F 3
100% of maximum
locomotory activity available
) 50% of maximum
fble to move between more locomotory activity
distant functional areas, 25% available
of maximum locometory
activity available
Establizhing functional areas
(dunging, nesting, feeding),
able to walk a few steps
Unhindered turning C
+Lying lateralhy
without touching
pen walls
Standing / |_‘
lying Cannot walk more than
sternally |_| one stepin any direction
Getting up without touching
walls is problematic, turning
around is difficult
Cannot change posture without
touching the wallz, cannotturn
around or walk
Surface area
T T T~ TTTTTTETTeTTT T ~~~~°°°° T '(mz} available to
0.75 18 34 22 a7 the sow

Figure 1 Postures and behavioural activities of sows as a function of the surface area of their
accommodation

This figure was created using information from Tables 46 (p 169) and 66 (p. 268-269) of
EFSA’s Opinion on the Welfare of Pigs on Farm (2022) [7].
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2. Sensory perception

Studies on hearing, smell, taste and vision in pigs are scarce and some are based on just a
handful of individuals. The latter’s results should therefore be treated with caution. It can
nevertheless be stated that the most important senses for pigs are hearing and smell. Although
domestic pigs are active during the day, their ancestors were nocturnal forest animals, so it is
natural for them to communicate using acoustic and olfactory stimuli [2]. Smell and taste are
necessary for foraging and are critical for social contact [63]. For example, a piglet recognises
its mother by the scent of her urine, faeces and udders, and will use its sense of hearing to
recognise her vocalisations should they become separated [64].

Pigs use their olfactory and visual memory, as well as their spatial memory, in their search for
food and as they move around [65]. They use hearing, touch (particularly via the snout) and
sight to recognise humans, who themselves use sight and hearing to interact with animals [33].

2.1.Hearing

This sense is highly developed in pigs, who can perceive frequencies ranging from 42 to
40,500 Hz (compared with 31 to 17,600 Hz in humans). Pigs are better equipped than humans
to hear high-pitched sounds and can perceive ultrasound. As a result, they can be vulnerable
to sounds that, while painful to them, are imperceptible to humans ([63] and Figure 2).

Perceptible frequency range [Hertz — Hz]

ﬁ 20 Hz 20 000 Hz 40 000 Hz
0 Audible
' Audible
. 4 ‘
' 9 Audible
o | Audible

Figure 2 Comparison of sound perception in different species. Reproduced from [66] Figure 2

Pigs are highly sensitive to frequencies below 1500 Hz, which lie within the human vocal
spectrum [67]. They also appear sensitive to the harmonic structure of music. A recent
experiment has assessed the valence of the emotional states of piglets exposed to music with
varying harmonic structures, establishing positive and negative emotional indices. The value
of these indices was quantitatively increased by listening to all types of music tested and varied
qualitatively according to the harmonic structure of the music [68].

Hearing is also used in communication [63]. Pigs have a wide vocal repertoire with different
acoustic structures. These vary according to the circumstances in which an animal finds itself
[69] and its emotional state [70]. For example, acoustic signals play an important role in
regulating the suckling behaviour of piglets [2]. Sows distinguish the vocalisations of their
piglets from those of other litters [71]. In semi-freedom, as in conventional rearing, piglets'
distress cries immediately attract the mother [15].

Pigs undergoing negative experiences generally emit high-pitched vocalisations (i.e. squeals),
at frequencies of between 3000 and 5000 Hz [2]. They may also express their negative
emotions using long grunts [70].
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2.2.Smell and pheromone perception

In pigs, a total of 1113 genes relate to olfaction, explaining why they have one of the largest
repertoires of functional olfactory receptors among mammals, being at least equivalent to that
of dogs ([72, 73], see Figure 3 for comparative numbers in other species).

Like all mammals, pigs have a vomeronasal organ in their nasal cavity that specialises in the
detection of pheromones.

Number of genes involved in sense of smell
1113

Humans Dogs Cows Pigs

970

811

387

Figure 3 Comparison of the number of genes involved in olfaction in different mammals.
Reproduced from [66] Figure 3.

The olfactory structures in a pig’s brain are organised in a similar way to those of other
mammals but they are comparatively far more highly developed [74]. This suggests very acute
olfactory capacities, although there is a lack of functional studies on the pig olfactory system.
Smell is an important sense in this species, being involved in social recognition, the
determination of physiological status, and social hierarchy [33, 66].

Olfactory signals contribute to emotional contagion (transmission of stress [75, 76] or
appeasement). Studies have shown that the use of synthetic appeasing pheromones reduced
social stress and agonistic interactions in pigs [77, 78]. During agonistic interactions between
prepubescent pigs, pheromones are released at the end of the fight to signal submission [79].
In a study on a conventional farm, 83% of pigs displayed inflammation of the vomeronasal
organ, which could be linked to exposure to contaminants in the air on the farm [80] (it is
suggested elsewhere that this inflammation is probably associated with sensitivity loss, see
[81]). The study also reported the involvement of pheromones in regulating agonistic
interactions in pigs [80].

2.3.Taste

Pigs have over 15,000 taste buds, twice as many as humans, suggesting an excellent sense
of taste in this species [82]. They perceive the saltiness of sodium chloride?, bitterness and
acidity [83]. They have a strong liking for umami, associated with glutamic acid, and can detect
the tastes of other amino acids [82]. They are strongly attracted to the sweet taste of sucrose,
lactose and glucose, but do not perceive that of aspartame [82,84].

2.4.Vision

The anatomical structure of a pig's eye (absence of cones that receive waves associated with
red [85]) suggests that this animal has dichromatic vision in blues and greys [33]. Blue is the
only primary colour distinguished by pigs [86] and their preferred colour [87]. Pigs have a wide

2 but note very well, which distinguishes it from other mammals
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field of vision of 310° (see Figure 1 of [66]), including 50° binocular vision [88]. This enables
them to monitor their environment continuously. However, a pig’s visual acuity is low, with little
discrimination of detail except for moving objects, and it finds it difficult to estimate distances
[63]. Pigs can only see what is in front of them well, and are myopic at distances greater than
1.5 m.

A pig’s visual system allows it to adapt to a wide range of light intensities [89]. Light intensity
preferences appear to vary with age. For example, several studies have shown that young
pigs housed indoors and aged between 4 and 7 weeks seem to prefer areas of low light
intensity (2.4 lux) for resting and sleeping, while choosing to defecate and being more active
in areas of higher light intensity (40 to 400 lux) [90, 91]. By contrast, a study conducted on 1-
week-old piglets showed that they disliked being in the dark (5 lux) and tended to seek out
areas of intense artificial light (2100 lux) [92]. Last, a study conducted in an abattoir has shown
that pigs weighing 90 to 113 kg tended to move from shade to light under artificial lighting,
unless they had been reared in a dark atmosphere [88].

Studies do not agree on the effects of the experimental manipulation of photoperiod (daylight
length) on physiological parameters, feed intake and weight gain in pigs at different stages of
production, leading some authors to conclude that pigs are less sensitive than other species
to changes in photoperiod [61].

2.5.Touch

Touch is an important sense in pigs. Tactile stimulation is detected by afferent nerve endings
in the skin and subcutaneous tissues [2].

The snout is particularly well-provided with mechanoreceptors, transmitting information from
tactile signals to the somatosensory cortex, most of which is dedicated to receiving information
from the snout [2]. Pigs use their snouts to explore their environment by rooting, sniffing, biting,
chewing [63] and nosing. They also use their snouts to make contact with other pigs,
particularly on the latter's heads or snouts [93].

2.6.Pain perception in pigs

Pigs have sufficient cognitive and emotional capacity to experience negative affective states
such as pain [15]. One of the major criteria used to determine the existence of pain in animals
is whether analgesics or anaesthetic techniques can counteract physiological and behavioural
responses to a particular condition involving tissue damage. Many examples of this are
available for pigs. For example, in one study, behavioural changes after castration were
reduced in piglets that had received a pre-operative injection of an anti-inflammatory drug
compared with those that had not [94].

There are many sources of pain in pigs, relating to either husbandry practices, injury or disease
[95]. For example, in 2013, it was estimated that 8.8% to 16.9% of sows reared in the European
Union suffered from lameness and that the associated pain affected their quality of life [96].
Despite this, the behavioural signs of pain in pigs are not always obvious, making detection
difficult at times. To assess pain correctly, the combined use of several indicators is therefore
necessary. Many indicators of pain are available (see [15], pp. 335-345). These include
spontaneous behavioural responses (prostration, rubbing of the painful area, avoidance of
contact with the painful area), induced behavioural responses (withdrawal in response to
manipulation of the painful area), vocalisations, abnormalities observed through clinical
examination, and facial expressions. A grimace scale has been proposed for piglets [97] and
has been used successfully to assess the pain associated with piglet castration [97, 98].
Physiological and anatomopathological measurements can also be used to quantify the level
of pain (see Table 3).

Physiological and behavioural characteristics and needs of pigs - FRCAW - 2023 15



‘P French Reference Centre
) for Animal Welfare

Pain assessment scales are available for specific situations. A composite scale has recently
been proposed and validated for the assessment of acute pain following castration of young
pigs under anaesthesia [99]. It is based solely on the observation of behaviours, which makes
it suitable for routine use.

Chronic pain can be viewed as a form of chronic stress, measurable indirectly by increases in
heart rate, blood pressure, body temperature, respiratory activity or pupil dilation [15].

The severing of nerve fibres can lead to lasting changes in the pain detection and perception
system, both locally and in the brain [103]. It may lead to loss of sensitivity or, conversely, to
hyperalgesia or chronic pain. For example, it has been shown that caudectomy in piglets over
two months of age, which resembles a severe tail bite, causes hypersensitivity of the area
around the tail for up to 4 months post-surgery [104].

Table 3 Examples of physiological and behavioural pain criteria for pigs. Translated from
[100], itself adapted from [101 and 102]

Physiological criteria Behavioural criteria

Hormone concentrations (blood, urine or saliva) Vocalisations
Corticotropic axis: CRH, ACTH, glucocorticoids Number and duration of cries
Sympathetic system: adrenalin, noradrenalin Intensity of cries
Blood metabolites Spectral component of cries
Glucose, lactate
Free fatty acids Postures and movements
Neuro-vegetative responses Pain-avoiding posture
Heart rate Tonic immobility
Respiratory rhythm Locomotion
Blood pressure Escape
Internal, skin or eye temperature
Pupil dilation General behaviour
Sweating Loss of appetite
Inflammatory response (blood) Agitation
Haptoglobin, fibrinogen etc. Prostration
Brain activity Isolation
Electroencephalogram (EEG) Aggression

3. Behaviour and behavioural needs

3.1.Behavioural repertoire and activity time budget for pigs

In their natural habitat, wild boar alternate between long periods of sleep and long periods of
activity. They have two activity peaks, one in the morning and the other in the late afternoon
and evening [3]. The distribution of active periods depends in part on hunting pressures, with
heavily hunted populations having more nocturnal rhythms, but also on weather conditions.
The activity time distribution of groups of pigs comprising young and adult pigs in semi-freedom
has been studied and is shown in Figure 4. The authors calculated that these pigs in semi-
freedom spent 75% of their active time during the day in activities related to exploration,
foraging and feeding.

Younger pigs differed from the adults in that they spent less time foraging (7% of the time
compared with 27% for adults) and moved around more (22% compared with 11%) [105].
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In indoor rearing, the diurnal activity pattern of domestic pigs depends mainly on feeding times
([71, p- 33). A study of growing and finishing domestic pigs (young castrated males and gilts)
showed that they spent 82.5% of their time lying down, 7.8% of their time standing up and
9.7% of their time feeding [107]. A different study has examined the behavioural repertoire of
growing and finishing pigs [(Landrace x Yorshire) x Hampshire] housed in groups of 4, where
different quantities of straw were provided as an enrichment material [108]. Their behaviours
are shown in Figure 5.
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Figure 4 Distribution of daytime activity time for groups of pigs (young and adult, male and
female) in semi-free range (expressed as percentages of total time) (after Stolba et al. [105])

Agonistic behaviour = an act of threat, aggression, combat or submission [106]. Marking = an animal
senses an element in its environment and rubs its head against it. Observations were carried out by scan
sampling (in which the entire group was scanned and the behaviour of each individual was recorded
regularly) and by focal sampling (in which a single individual was observed and all behaviours (included
in a more complete ethogram) observed over a given period were recorded).
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Figure 5 Breakdown of activity times for pigs [(Landrace x Yorkshire) x Hampshire] housed in
groups of 4 (expressed as a percentage of total time). Figure created from data provided in
[108] Table 2.
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Redirected behaviour: mounting, nibbling/biting a conspecific; biting a conspecific's tail or ear.
Observations were made using focal sampling from video recordings over a period of 1 hour in the
morning (between 9 and 10 am) and 1 hour in the afternoon (between 3 and 4 pm).

A recent study on Large White x Piétrain piglets in the suckling period, housed in maternity
pens, showed that neutral or positive social interactions were very brief but very frequent,
whereas aggressive behaviour accounted for 8 to 12% of all social interactions [109].

3.2. Experiencing and exploring the environment

In pigs, exploratory behaviour is highly developed [110 111], constitutes a need, and is
stimulated by novelty [111]. A pig explores its environment by rummaging, rooting, sniffing,
digging, and biting and chewing on food or non-food products [111]. Its motives to explore are
to find food and a comfortable place to lie down, and to obtain information about the
environment either out of curiosity or to relieve boredom [111]. In the wild, pigs find food
sporadically in their environment and spend much of their time searching and exploring their
surroundings [111]. In a confined or impoverished environment, if a pig cannot fulfil this need
to explore, it then redirects it towards its fellows or its environment ([112-116] cited in [7]). The
absence of a manipulable substrate is one of the chief contributing causes to undesirable oral
behaviours such as tail biting or chewing on the ears of conspecifics [3, 117].

3.3.Feeding behaviours

Foraging and food intake

On farms, pigs generally receive their feed freely in the form of a ready-prepared mix, delivered
either freely, on demand or as meals. It has been shown that the frequency and duration of
feed intake by pigs fed ad libitum in the post-weaning and fattening stages depends on access
to the feeder. Thus, when provided with greater floor space per animal, pigs come to feed more
often and divide up their meals more. With less floor space per animal, pigs under an ad libitum
feed regime choose fewer but larger meals [118].

Foraging in itself is rewarding for pigs, but becomes even more so when it is associated with
food intake [119]. In a conditioned place preference test, it was shown that Large White x
Landrace pigs in the post-weaning period preferred to search for feed hidden in straw rather
than having the feed available in a separate trough [120]. Even when they were fed ad libitum,
they preferred to root for feed concealed in a substrate rather than manipulate substrate
containing no feed [120, 121]. One study reported that diversification of a piglet’s diet before
weaning strongly stimulated food exploration and food consumption from an early age and
improved pre-weaning growth. It concluded that dietary diversity encourages suckling piglets
to eat, thereby improving their performance and, potentially, their welfare before weaning [119].
In semi-freedom, family groups forage together for food, which is distributed unevenly in terms
of location and time of consumption [122]. In a study carried out on Swedish Landrace piglets
under a semi-free range regime, the piglets began to explore their environment from the first
days after birth, rooting, biting, chewing and sniffing objects throughout their first month as they
became familiar with their environment. They began to browse during the fourth week and
gradually increased their browsing time to reach 42% of their activity time at 8 weeks of age
[123].

Watering

In pigs, three quarters of watering takes place at the same time as feed intake, and watering
follows a stable pattern within a group. This pattern can nevertheless be modified according to
the ambient temperature, the proper functioning of watering points, competition for watering
points where the latter’'s numbers are insufficient, and the state of health of the animals [124].
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Permanent access to water helps prevent the emergence of behavioural deviations
(frustration, competition) or health problems (physical depletion, dehydration, etc.) [55].

3.4. Thermoregulation

Pigs have limited hair growth and are fairly sensitive to cold. Their high surface-to-mass ratio
and thin subcutaneous fat layer make piglets particularly susceptible to hypothermia.
Meanwhile, older pigs find it particularly hard to adapt to heat. Because they lack sweat glands,
they cannot evacuate heat by sweating. Thermoregulation therefore mainly involves
behavioural adaptations. They lower their temperature by panting and adopting other
thermoregulatory behaviours such as voluntarily reducing their food intake and seeking cooler
places, such as a wallow [2,125].

In semi-freedom, in order to regulate their temperature in hot weather, pigs seek shade, adapt
their periods of activity to the coolest times of the day and roll on the ground or in water to
promote heat loss by evaporation; in cold weather, they huddle together, build nests and
increase their activity during the day [3].

In hot weather, sprinklers or misters can be used, depending on the type of floor. In the event
of high temperatures, heat-stressed pigs may show behavioural and physiological changes,
such as a rise in body temperature and higher respiratory and heart rates [126], affecting
welfare and growth.

The thermal comfort zone for pigs according to age is shown in Figure 6. The thermal
environment is generated by the interaction of air temperature, humidity and air circulation. In
buildings, these factors are in turn influenced by a wide variety of other factors such as the
size and number of animals, the degree of insulation in the building, the physical condition of
the pigs, the presence or absence of bedding and other physical characteristics of both the
animals and their housing [83].
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Figure 6 Indoor thermal comfort zone plotted by age. Reproduced from [127].
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3.5. Behaviour of sows in the peripartum period and of piglets after farrowing

In semi-freedom, a female will isolate herself from the group to give birth and may travel
kilometres to find a partially enclosed area where she can build a nest. Nest building involves
a set of highly active behaviours expressed by all sows in the 12 to 24 hours before farrowing
([128] cited in [7], p.77; [129]). It is characterised by rooting with the snout (movements of the
snout on the ground or manipulation of substrate), digging with the legs, chewing, turning and
carrying of substrates ([130] cited in [7] p. 58). This nest-building behaviour can be observed
in all environments [129]. However, in the absence of suitable substrates, the sow continues
to build her nest once farrowing has begun.

Just before giving birth, the sow lies on her side and exposes her teats. After giving birth, she
does not lick her new-borns but observes them before touching their snouts with her own,
placing them in the nest and lying back down on her side [15]. These behaviours cannot be
fully expressed when the sow is restrained, which is the case on most conventional farms.
Under natural or semi-free range conditions, during the first 2 weeks of life, sows limit their
movements around the nest and piglets remain close to each other and to their mother [3].
Mother and young leave the nest after 10 days and join the group where the piglets are
socialised; they are grouped together by litter to suckle, while the suckling periods are initiated
simultaneously by the different sows [42]. Play behaviour in piglets (simulated fighting, racing)
peaks around the fourth week after birth.

3.6. Interactions with conspecifics

The pig is a highly gregarious species, living in very stable social groups, with hierarchies that
are mostly linear in small groups and more complex in large groups [7,131]. Hierarchies are
based on dominance/subordination relationships that are linked in particular to the age and
size of the animals [7, 132]. On the vast majority of conventional farms, farmers group their
pigs into homogeneous age groups that do not fit with their natural social structure, creating
lack of stability. There are, however, some extensive free-range farms and farms with
alternative buildings where sows are kept in small groups with their litters until weaning and
groupings are maintained until slaughter, allowing social structures to develop that more
closely resemble that of pigs in their natural state.

In semi-freedom [2], sows live with their piglets in a small group of related females. Adult males
are generally solitary but may also form relatively unstable groups ([7], p.38). Adult males join
groups of females in the autumn for the breeding season.

Establishment of social structure

The first social structure in a pig’s life is the order of suckling, established during early feeding.
Each piglet will be assigned to a specific teat, following a few fights. The front teats are the
most sought-after, probably because they produce more milk. The allocation of teats among
piglets gradually stabilises during the first four days of life [133,134]. This teat order is the first
social hierarchy for piglets and is established within the sibling group [135].

After weaning, the mixing of animals, the introduction of unfamiliar pigs and, to a lesser extent,
changes in the structure of the group (removal of animals) will lead to fights between some of
the animals, generally one-on-one, during the first day. It is possible to identify the dominant
animal in the group within an hour. The dominant animals behave most aggressively and
intimidatingly towards those in the rank below them. The basic structure of the hierarchy is
formed by all the strong and stable dominance relationships that appear to develop between
animals immediately adjacent to each other in the social hierarchy [136].

Aggression during grouping is a major animal welfare problem. Such aggressive interactions
lead to skin lesions and stress [137]. When groups are not stable, the need to continually re-
establish the social structure results in higher levels of aggression than in stable groups.
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Previous familiarity between the animals may shorten the time it takes to reorganise the social
structure and relies on the animals’ social memory [138].

Positive social behaviour

In pigs, positive social behaviours include social sniffing and snout-to-snout contact, which are
thought to contribute to the recognition of individuals, the maintenance of social relationships
and group cohesion [109].

Social sniffing in pigs is not related to aggressive behaviour or dominance relationships [93].
Pigs sniff each other for social recognition, to show affiliative behaviour, to obtain olfactory
signals or to satisfy an intrinsic need to sniff [137].

Play

Pigs are playful animals. It is possible to distinguish three categories of play: locomotor play
(jumping, sprinting, shaking the head, pivoting), play involving interaction with objects
(carrying, moving, shaking objects) and social play (between mother and offspring, between
littermates and between different litters) [139].

Young domestic pigs are particularly playful, and play is important to their social and cognitive
development. It helps them to acquire the social skills necessary to resolve conflict and
recognise individuals, and to create strong social bonds that endure after regrouping, thus
contributing to social cohesion [109]. The expression of playful behaviour is essential for the
healthy development of young animals. It mitigates the emergence of detrimental behaviour,
and can serve as a welfare indicator [139].

Piglet play behaviours peak between 2 and 6 weeks of age [140]. They decrease sharply but
transiently just after weaning, returning to pre-weaning level 5 days after weaning. Early
experience of play leads to greater social play after weaning [141].

Environmental enrichment and changes in enrichment can stimulate play behaviour in piglets
before weaning and can reduce chronic post-weaning stress and aggression. Also, in object
recognition tests, piglets with the most playful behaviours performed better [142].

Agonistic interactions

Agonistic interactions have been defined as ‘any social interaction or engagement, which
involves threatening behaviour, aggression, fighting, or submission’ [106, p. 1]. In the wild,
agonistic interactions can occur as part of competition for food, but also between boars in the
context of sexual competition during the mating season [3,105].

Piglets may bite their litter mates to gain access to the most productive teats. They may behave
aggressively towards their siblings, usually during play sequences, but are mostly aggressive
towards piglets from other litters, for example when a farmer regroups animals at weaning time
[143]. ‘Agonistic behaviour in pigs especially occurs when unacquainted pigs are mixed with
groups of acquainted ones. Fighting often results in the accumulation of skin lesions which can
have detrimental effects on the welfare and longevity of the animals’ [144].

Nevertheless, the absence of fighting is not synonymous with the absence of social tension,
and an integrated approach may therefore be needed to assess welfare in groups of pigs [137].

3.7.Interactions with humans (human/animal relationships)

‘Interactions between humans and pigs can be described as positive, neutral or negative from
the animal's point of view. This classification depends on the nature of the interaction and how
the animal perceives it.’ [145]. Interactions with humans involving fear and trust are described
in Erreur ! Source du renvoi introuvable..

‘In conventional piggeries, opportunities for neutral or positive interactions are less and less
frequent due to the automation of feeding and other tasks, as well as the use of slatted floors,
which reduces cleaning time. As a result, the proportion of negative interactions in the direct
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experiences of pigs with their caretakers is becoming higher and higher.’ [145]. In 2009, it was
estimated that in France, a farmer spent less than 4 hours in contact with each sow and her
piglets during a complete reproductive cycle [145].

In addition to fear or trust, a pig's curiosity concerning humans should also be taken into
account in the pig/human relationship and can be classed as an enrichment factor in the
animal's environment. In a study of uncastrated pigs, animals reared in an enriched
environment were less interested in an unfamiliar human’s presence in a test pen than pigs
reared in a non-enriched environment. The authors hypothesized that pigs in an unenriched
environment viewed the arrival of the human as an enrichment, as a new situation to
explore [146].

In experiments on piglet-human interactions, it has been shown that weaned piglets are able
to learn and remember previous interactions, develop a 'positive’ or 'negative' perception of
individual humans, distinguish between and recognise familiar humans and react appropriately
to each familiar human on the basis of their previous experience with them [33].

Piglets have also demonstrated the ability to interpret signals given by a human such as
pointing a finger in an object choice task [147].

Box 2 A pig’s fear and trust in relation to humans. Reproduced and translated from [33].

Fear of humans

This is a strong emotion triggered by the perception of the human as a threat. It induces
behavioural and physiological reactions that enable the individual to deal with the situation by
confronting it (attacking the human), avoiding it (retreating slowly) or fleeing from it (retreating
quickly and sometimes running in an uncoordinated way). An animal that is afraid of humans
will avoid contact and will therefore be difficult to handle. Fear is detrimental to animal welfare
and human work.

Trust in humans

Defined as the acceptance of being approached and handled by a human. It reflects both an
absence of fear and a positive attraction to humans, a desire for contact. Trust is conducive to
animal welfare and safe human work.

Link between fear and trust

Fear of and trust in humans are closely linked [...] Numerous studies show that in cases where
the animals have not been handled by a human or have been handled in a negative manner,
this makes it difficult for humans to approach the animal. By contrast, appropriate handling of
the animal (handling that is perceived positively, such as simple presence, gentle tactile
contact and feeding) makes it easier for humans to approach and handle the animal’.

Effects of positive interactions

The following are examples of instances where positive interactions between humans and pigs
have been recorded, as summarised by Hayes et al. (2021)[148] in their introduction:

- Patting and stroking piglets during suckling on the first day of life reduced durations of escape
behaviour during tail docking at 2 days of age and during capture at 15 days of age, compared
with non-handled piglets [149].

- Caressing and talking softly induced an optimistic cognitive bias in piglets [150] (see section
5.4 below).

- Talking to and patting sows for 3 minutes a day when they approached reduced the
physiological stress response associated with tether housing® [152].

- Talking to, stroking and rubbing pregnant sows for one minute a day improved ease of
handling, reduced fear of humans and shortened farrowing times [153] .

- Scratching the backs of lactating sows and playing music reduced pre-weaning piglet
mortality [154].

333 Article published prior to the French Order of 20/01/1994 [151] prohibiting the practice of tether housing from 31/12/2005.
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- Patting or scratching sows for 2 minutes a day reduced avoidance of the farmer during routine
practices such as pregnancy monitoring and vaccination [148].

Effects of negative interactions

‘Studies assessing the impact of handling on pigs have demonstrated that frequent negative
interactions, such as shouting, slapping and hitting, increase pigs' fear of humans and can
induce both acute and chronic stress. Reduced growth, feed conversion efficiency and
reproduction have all been reported in pigs following aversive handling.’ [148]. Inconsistent
handling that the animal cannot predict, even if the majority of interactions are positive, induces
fear of humans on a permanent basis, so that any interaction will be perceived as negative
[155]. The practices of tail docking, tooth resection, tattooing or branding, and surgical
castration [banned without anaesthesia in France from 1 January 2022] performed on very
young animals are sources of stress and pain that are likely to affect their relationship with
humans and lead them to develop a lifelong aversion to the latter [156].

Pig behaviour as described in this section will vary within a group because it depends on
individual personalities (Erreur ! Source du renvoi introuvable.).

Box 3 Behaviour and personality

No real consensus exists on the definition of personality in animals. That used here is ‘a
correlated set of individual behavioural and physiological traits that are consistent over time
and contexts’ [157].

Pigs have stable individual behavioural and emotional characteristics that form a complex
personality [146]. It is fairly common to classify pigs according to two personality types:
‘reactive’ animals, who are generally shyer, more passive and adaptable to change; and
‘proactive’ animals, who are generally more aggressive, more active and less adaptable
[158].

4. Cognitive skills

There are many definitions of cognition. That used here is by Sara Shettleworth, as quoted in
[159]: ‘Cognition refers to the mechanisms by which animals acquire, process, store and act
on information from the environment.’ Pigs have significant cognitive abilities that enable them
to adapt to their environment and, in particular, make efficient use of food sources [160]. Their
cognitive abilities can be divided into two types: non-social and social. They are used for
purposes of learning and anticipation.

4.1. Non-social cognition

This category of cognition refers to an animal's perception, mental representations and
conceptualisation of its physical environment [161]. It includes problem solving, object
discrimination, spatial cognition, perception of time, etc.

Object discrimination and categorisation

Discrimination is the ability to distinguish between items on the basis of their sensory attributes
(colour, smell, etc.) and temporal characteristics. It forms the basis of categorisation, which
can be defined as the discrimination of categories of objects, for example food versus toys.
Pigs have the ability to discriminate between objects in their environment. They will then
remember these objects, which calls for both sensory and recall skills. For example, a pig will
not respond in the same way to different enrichment objects in its enclosure, thereby
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demonstrating discrimination [162]. Pigs can discriminate between black and white geometric
shapes [163], enabling them to use these as building blocks for learning. Additionally, when
presented with a new object, they will spend more time exploring it than a familiar object
presented 10 minutes, 1 hour or 24 hours previously [164]. They can remember objects and
will recognise them. They are therefore capable of categorising both unfamiliar and familiar
objects and adapt their behaviour accordingly.

One study has shown that domestic piglets can remember a previously encountered object for
5 days [165], while another reported that young Kune Kune pigs could remember the solution
for opening a box 5 months after learning it, demonstrating that their long-term memory is good
[166]. This ability should be taken into account in the provision of enrichment materials to pigs,
which should be varied regularly to maintain their attractiveness over time [165].

Pigs are able to discriminate between different types of food during foraging by remembering
their smell and colour, using visual, auditory and olfactory cues [65, 167]. Farmed pigs can
also discriminate between sites where food is present based on the amount of food at each
site and will show a preference for the site with the most food [168]. Their quantification and
categorisation skills have yet to be determined, particularly outside the domain of food.

Perception of time

There is little convincing evidence that pigs can perceive time, although some studies suggest
that this is the case. For example, sows given a choice of two pens in which they had been
isolated for different lengths of time (30 minutes or 240 minutes), chose the pen where they
had spent less time. Their choice seemed to be based on the use of sensory cues to distinguish
between the two pens [169].

Spatial learning and spatial recall

Pigs have good spatial cognitive abilities. They are able to find their bearings in space,
remember food locations and remember locations they have already visited. This enables them
to avoid returning to these locations and instead forage in unexplored areas [114, 155]. They
seem to have the capacity to conceptualise object permanence, i.e., that an object no longer
in their field of vision still exists. However, they find it hard to apprehend the movement of
hidden objects (e.g., moving a pot containing a reward) [171]. Pigs are capable of finding food
in locations of varying complexity that offer 2 or more pathways (in the shape of aT ora Y) to
explore, reminiscent of a maze [172].

4.2. Social cognition

This category of cognition relates to a pig’s understanding of the social environment in which
it spends its life, identification of other pigs, communication, particularly with humans, and
adaptation of its responses to social contexts.

Ability to discriminate between conspecifics and between humans

Pigs live in structured social groups. This social organisation requires the establishment and
maintenance of a hierarchy and involves the ability to discriminate between familiar and
unfamiliar conspecifics [173, 174] from an early age [175]. It has been demonstrated that young
farmed pigs can discriminate between their conspecifics and show a preference for familiar
individuals over strangers [176]. Sows can discriminate between their own piglets and those
of other sows [177] but to date there is no evidence that they can identify individual piglets.
With regard to human discrimination, pigs are able to distinguish a familiar human from a
stranger [178, 179].

Perspective-taking and social context

In psychology, perspective-taking refers to the ability to put oneself in someone else's shoes
in order to understand their point of view, even if it differs from one's own [180]. In animals,
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this concept has been studied mainly in primates, but experimental data suggest perspective-
taking abilities, particularly visual perspective-taking, in many species, including pigs. A small
number of studies have suggested that pigs may well use body cues to distinguish between
the different attentive states of conspecifics (in need of further validation, reviewed in [160]).
This ability would enable pigs to develop strategies that are adapted to the situation. For
example, in two studies, young domestic pigs were shown to be capable of developing complex
foraging strategies. It was shown that a pig could deduce the location of a food source from
the behaviour of an informed conspecific. The latter then appeared to modify its behaviour to
deceive the uninformed pig, only approaching the food source when the uninformed pig was
not present [181,182]. Farmed pigs also adapt their behaviour, for example their foraging
speed, to the presence of other pigs, particularly when the other pig is dominant [183].

Self-awareness

Self-awareness is the component of cognition that relates to an individual's perception of
themselves. Self-awareness implies being able to recognise oneself physically and to analyse
one's own thoughts, feelings and sentiments [161]. This ability is traditionally tested using the
mirror test. To date, it has not been proved that pigs can recognise themselves in a mirror.
They are, however, able to use a mirror to locate a food source that is hidden by an opaque
screen but visible in the mirror [184].

4.3.Learning

Learning corresponds to a change in an individual's behaviour based on information stored
from previous experience; it necessarily involves recall capacities [185]. The process of
learning allows animals to acquire information about their environment and update it when
conditions change, making it possible for them to adapt to the change in circumstances.

Pigs can master different types of learning: associative, non-associative, discriminative and
social [186]. There are two modes of social learning: vertical learning, when a young pig learns
by mimicking adults [187] and horizontal learning, when an animal learns by observing its
peers [188].

Associative learning, for example, has been demonstrated in mini-pigs, who can acquire tasks
by following coloured signs indicating the action to be performed [189]. Likewise, miniature
Vietnamese pigs have demonstrated the ability to discriminate between and understand visual
symbols of objects (Frisbee, ball, stick) and verbal and gestural cues for actions (sit, fetch,
jump), and to learn to combine an object with an action [190].

Associative learning can take place even in utero. Piglets whose mothers had been
conditioned to the sound of distinct human voices in situations of positive or negative emotions
during gestation showed distinct behaviours in response to the same contrasting auditory
stimuli in the postnatal period [191].

At the time of weaning, vertical and horizontal social learning are particularly important. It has
been shown that piglets learn to feed by imitating their mothers [187] and will go more readily
to a foodstuff if a familiar conspecific is eating it [188].

Pigs are also able to learn to use objects such as a video game joystick to control the
movements of a cursor and make it move to aim at targets on a screen. This type of learning
requires conceptual understanding of the task [192].

4.4.Cognitive enrichment

Cognitive enrichment is defined as a particular form of enrichment involving the stimulation of
the cognitive abilities of captive animals through tasks to be completed in their environment.
Completion of the tasks may or may not result in a reward (e.g., food) that the animal finds
satisfying. Performance of the task can thus enable the animal to regain a degree of control
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over its environment. One example of this type of enrichment is the use of an auditory signal
to call individual pigs to a feeding station. Ten-week-old pigs provided with this sort of cognitive
enrichment displayed less anxiety during feeding, more exploratory behaviour and fewer fear
reactions in stressful situations [193].

4.5. Anticipation

Anticipatory behaviours are expressed at a time t on the basis of events expected to occur in
the near future and information processed in the past [194]. Few studies exist on anticipatory
behaviour in pigs. Two studies have shown that 10 to 12 week-old farmed pigs displayed minor
differences in their behavioural reactions (vocalisations, tail position) when anticipating events
that they considered either positive or negative [195, 196]. A third study showed that farmed
post-weaners expressed their anticipation of social events (arrival of familiar conspecifics or
familiar humans) with different grunts depending on the type of anticipation [197]. A final study
has demonstrated that weaned piglets anticipate their entry into a play area, and therefore a
play activity, following a learning period [198].

5. Emotional states

There is a direct link between a pig’s emotional state and its welfare. While negative emotions
(fear, pain) have long been attributed to pigs, the latter have now been shown to experience
positive emotions (joy, satisfaction) and these should be encouraged on farms.

Table 4 provides examples of sources of emotion in pigs.
As stated in [199], the study of animal emotions is challenging because emotions can only be
measured indirectly using neural, behavioural and physiological indicators.

Table 4 Examples of sources of emotion in pigs

Sources of positive emotions Sources of negative emotions

Human intervention as a source of pleasure or a

. . Human intervention as a source of stress or fear
feeling of security

Stroking the belly [149, 150] Painful procedures [199]
Scratching the back [152] Castration of males
Speaking softly to the animal [150, 151] Caudectomy (tail docking)
Approaching the animal slowly [33] Tooth resection
Using gentle, slow movements [33] Ear-tag fitting
Environmental enrichment [205] Fitting a nasal ring
Physical enrichment Tattooing
Manipulable objects/toys [207] Iron injection
Straw or other manipulable substrate [206, 208] Vaccination
Foodstuffs [117, 118] Sudden or rough handling [33, 149]
Social enrichment Break-up of social structure
Finding familiar conspecifics [207, 209] Grouping with unfamiliar conspecifics [200, 204]
Reunion of a sow and her piglets [64] Sepal_'atlon from the dam before and at [201, 202]
weaning
Encountering a familiar human [208] Social isolation of piglets or adults [203]
Cognitive enrichment [212, 213]
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5.1. Definitions

Emotions

Definitions of the term ‘emotion’ vary, but they share common elements (for a review, see
[200]). We here use a definition derived from [201]: an emotion is a generally intense and
fleeting response to a stimulus or triggering event; this response has several components
(subjective, physiological, behavioural and cognitive). Emotions are characterised by their
valence (positive/negative, pleasant/unpleasant) and their intensity or the degree of arousal
they induce in the animal (low or high).

Mood
Mood is an emotional state that lasts longer than an emotion and is of low to moderate
intensity. Mood is a latent state that is generally not linked to any particular stimulus [202].

Emotional states

The term ‘emotional state’ is often used as a synonym for mood, or even as a generic term
encompassing emotion and mood. It has also been used to designate the subjective element
of emotions and has also been applied to personality.

5.2.Physiological expression of emotional states in pig

Physiological indicators of negative emotional states

Stress can be defined as an adaptive response resulting from an individual's subjective
assessment of the challenges of their environment [203]. By measuring an animal’s stress
response, it is possible to deduce its emotional state. Stress is studied via the activity of the
autonomic nervous system and the hypothalamic-pituitary-adrenal (HPA) axis (or corticotropic
axis).

The activity of the autonomic nervous system can be measured through reference to
cardiovascular parameters such as heart rate and its variability. This makes it possible to
measure the intensity of an emotional response, but not its valence.

The corticotropic axis is stimulated by aversive situations. Its stimulation is commonly
assessed by measuring cortisol levels, particularly in circulating blood, saliva or hair. Impaired
functioning of the corticotropic axis, for example excessive reactivity to stress [204] or a
disturbed nychthemeral rhythm of cortisol secretion [205] may indicate situations of chronic
stress. However, cortisol is not a specific measure of negative emotional states and, given that
no linear relationship exists between cortisol and stress, it is also a poor indicator of stress
intensity [203]. This indicator should therefore be used in combination with others.

The functioning of the immune system in pigs can be modified by responses from the
autonomic nervous system and the corticotropic axis. The effects of social stress on
inflammatory responses in pigs have been examined and reviewed [206]. They include
changes in the distribution of different types of leukocytes, cytokine secretion, lymphocyte
proliferation and antibody production, and immune responses to viral infections or vaccination.

Physiological indicators of positive emotional states

Several physiological parameters have been explored as potential animal-based indicators of
the intensity and positive valence of emotions in pigs. Thus far, though, the results, which are
sometimes contradictory, have yet to be validated.

Even though a rise in heart rate is associated with high emotional intensity, this marker gives
no indication of the valence of the emotion. Heart rate variability, which is a measure of the
variation in the temporal intervals between two consecutive heartbeats, has been proposed as
an indicator of emotional states in pigs [203]. In a cognitive environmental enrichment test,
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which the authors linked to a positive emotional state, young pigs showed an increase in heart
rate variability [207].

Activation of the endogenous opioid system modulates an individual's subjective hedonic
experience of reward, while the dopaminergic system influences motivation to obtain a reward.
A preliminary study in pigs has shown that the provision of a form of cognitive enrichment
altered the expression of opioid receptors in the amygdala, the part of the brain that processes
reward-related stimuli [208].

Brain oxytocin is involved in the regulation of social bonds. In pigs, a study showed that positive
interactions with humans led to an increase in the secretion of oxytocin in the cerebrospinal
fluid [209]. However, the difficulty oxytocin has in crossing the blood-brain barrier makes a
relationship between central and peripheral changes in oxytocin levels highly unlikely, meaning
that this this indicator is of little practical interest.

Brain-derived neurotrophic factor (BDNF) is a growth factor for certain neurons in the central
and peripheral nervous systems. In rodents, BDNF is implicated in cognitive function and
resilience to stress. The measurement of BDNF in blood has recently been proposed as a
means to identify positive mental states in pigs, since its concentrations were observed to
increase when pigs were housed in an enriched environment [210].

Despite the above, studies on physiological indicators in pigs remain few and far between and
their findings are sometimes contradictory.

5.3.Behavioural expression of emotional states in pigs
Certain pig behaviours have been associated with a positive emotional state while others are
linked to a negative emotional state. The most significant of these are summarised in Box 4.

Box 4 (adapted from [33,195, 211]) : Behaviours associated with negative and positive
emotional states in pigs

In a negative emotional state, a pig may:

- become agitated (moving around a lot) or unable to move (petrified)

- move away from the source of the emotion

- show little tendency to explore its environment

- be highly alert (motionless, ears pricked)

- look towards the source of emotion, when at a safe distance

- emit long vocalisations resembling cries and squeals, very frequently if the emotion is very
strong

- increase the frequency with which it urinates and defecates.

In a positive emotional state, a pig may:

- move only a little or not at all (the animal lies down)

- move towards the source of emotion

- explore its environment

- point its ears forward

- have a relaxed tail with side-to-side motions

- emit short vocalisations resembling growls and barks, very frequent if the emotion is very
strong

- play.

Vocalisations

Pigs express their emotions through the type (grunts, cries, squeaks, barks), duration and
frequency of the vocalisations they emit. For example, piglets emit short, low growls when they
anticipate the arrival of a familiar conspecific, a highly positive situation, and longer growls
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when they anticipate the arrival of a human, these longer growls having previously been shown
to be a sign of frustration [197]. Pigs express high-pitched long cries when they are in negative
mental states, for example when they feel pain or fear. Using a small number of acoustic
features, it is possible to associate a vocalisation with a given emotional valence and rearing
situation [70].

Playing

Pigs are more playful in enriched and stimulating environments. Play is a potential indicator of
a positive emotional state because it generally occurs when an animal's other needs are met
and ceases when the animal feels threatened [212]. However, play can also help pigs to cope
with difficult situations. Whether or not play expresses positive emotions in the individual
performing it still has to be proved and is the subject of ongoing research.

Facial expressions and posture

Facial expressions and posture have been studied as indicators of emotion and emotional
valence in pigs. Research has focused mainly on the movements and position of the ears and
tail. For example, a hanging, relaxed, slightly wagging tail has been associated with a positive
emotional state and low arousal in pigs [213]. Miniature pigs at play exhibited less frequent
and slower ear movements than control conspecifics whose environment was not enriched
with toys [214].

One study has demonstrated that, during agonistic encounters between two pigs, certain
facial measurements can be used to distinguish negative emotional states. These measures
are the distance between the eye and the nose, nose disc length, ear angle with the eye-
nose line, and the length/width ratio of the eye [215] (

Figure 7).

Figure 7 Facial measurements. Reproduced from [215]

Left: Red dots indicate the fixed points from where measures were taken. Black lines indicate the
measurement of the eye-nose length, nose disc length and ear angle. Right: measurement of the eye
height/width ratio.

The posture of the back can provide information about a pig’s emotional state. A rounded back
with a low head position has been associated with negative situations in pigs [216]. There are
also pain grids for assessing muscular tension in the pig's head and distinguishing painful
episodes for piglets [98, 99] (see Erreur ! Source du renvoi introuvable. above).
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5.4. Effects of emotional states on cognitive performance

Emotional states can lead to bias in various cognitive processes, including biased judgement,
attention and memory. A cognitive bias occurs when an individual's personality affects their
cognitive functions such as learning, remembering and decision-making [217]. Cognitive bias
has been identified in pigs [218, 219]. The study of cognitive bias makes it possible, among
other things, to evaluate the mood and personality of individuals [219].

Judgement bias

Both negative and positive bias in perceptions of the situation have been demonstrated in
newly weaned piglets as a function of their previous repeated experiences of humans [150].
An animal's emotional state or mood will alter the way it perceives a stimulus or situation. For
example, if one stimulus (black square) is associated with a reward and another (white square)
with punishment, the animal will react differently to an ambiguous stimulus (grey square)
depending on its mood. An animal in a positive mood will react as if the stimulus were positive,
and an animal in a negative mood will react as if the stimulus were negative [203]. Enriched
environments and positive relationships with humans encourage positive cognitive bias
compared with impoverished environments and the absence of positive contact with humans
[150, 219].

Attention bias

Attention bias as it relates to an affective state can be defined as the propensity for increased
vigilance or attention to novel or negative aspects of the environment in individuals
experiencing a negative affective state such as fear or depression [200]. In pigs, housing
conditions are thought to change the degree of attention paid to a sound stimulus, particularly
in proactive animals [220].

Memory bias

Memory bias in relation to affective states takes the form of a propensity to remember particular
objects or events that are consistent with an individual's current affective state. To our
knowledge, no memory bias test has been conducted in pigs.

5.5. Emotional contagion

Emotional contagion is defined in [221] as a simple form of empathy in which only the emotional
state of the other is shared, without cognitive perspective. ‘Naive’ farmed sows, i.e. sows that
have had no experience known to affect their emotional state either positively or negatively,
have been shown to be subject to emotional contagion; when placed in the presence of
conspecifics in either a positive or negative emotional state, their own emotional state became
attuned to that of the conspecifics [221, 222]. Negative emotional contagion has also been
demonstrated in piglets [223].

Conclusion

This dossier has explored the welfare of pigs from the point of view of the animals themselves,
starting with the physiological and behavioural needs that are closely linked to their cognitive
and emotional capacities. These concepts are at the heart of the ANSES definition of animal
welfare: ‘The welfare of an animal is the positive mental and physical state associated with the
satisfaction of its physiological and behavioural needs and also with its expectations. This state
varies according to the animal's perception of the situation’ [224].
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This approach complements that of the EFSA opinion published in 2022 on the welfare of
pigs [7]. EFSA’s opinion identifies, for each stage of production, the consequences for animal
welfare of the main European farming systems and practices; it proposes animal-based
indicators and makes recommendations from the animal's point of view (for more information,
see the summary of the EFSA opinion by FRCAW, in preparation). These recommendations
are given for optimal farming conditions, and not all are directly applicable to the most prevalent
farming systems.

In practice, in order to take better account of the animal's point of view, reliable, effective and
routinely practicable welfare assessment methods are called for that can take into account all
the dimensions of welfare and move between individual and herd levels. Such methods have
yet to be developed and constitute a challenge for research. Current assessment methods,
based on the ‘five freedoms™, are complex and time-consuming to put into practice, and take
little account of positive emotions, which remain hard to identify.

Last, the improvement of livestock welfare must be properly and fully incorporated into the
economic and working conditions of farmers, into how they deal with food safety,
environmental protection and climate change and, more generally, the sustainable
development of livestock farming. To remedy the non-availability of multicriteria evaluation
methods for the environmental impacts of livestock farming that fully incorporate welfare issues
[225], a number of research projects are underway, including the European partnership on
animal health and welfare® and the Multibov, Multiporc and Multipoul projects® .
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