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Introduction

Most people know swine only as its domestic
form (Sus scrofa domesticus) or as wild boar
(Sus scrofa scrofa). Relatively little attention
goes to the rest of a total of up to 18 species in
the Suidae family. The same also applies to behav-
ioral research: although members of the family of
Suidae are distributed all over the Old World,
ranging from Asia to Europe and Africa, most
studies focusing on their behavior and cognition
are conducted on domestic swine.

In public perception, swine do not have the
best reputation regarding their cognitive capacity,
and they are often perceived as dumb as well as
voracious and dirty. In contrast, fairy tales and
fables, such as the Three Little Pigs or Animal
Farm, depict swine as smart and intelligent
enough to outwit potential predators or liberate
themselves from the tyranny of their human
masters.

In real life, swine have successfully adapted to
various climatic and vegetation zones and exhibit
a high foraging flexibility that is reflected in their
omnivorous dietary spectrum. Their mixed diet
makes it necessary for them to recall food distrib-
uted in patches that vary in spatial location but
also in time. Swine are very social animals,
forming long-lasting family bonds, and exhibit
fission-fusion dynamics. All in all, these ecologi-
cal and social circumstances require high brain
processing power.

First investigations on the learning abilities of
domestic swine date back to more than 100 years
ago, and operant learning in swine was intensively
examined in the late 1960s and 1970s (e.g.,
Wieckert and Barr 1966). Starting 20 years ago,
questions on swine’s cognitive capacities gained
increased attention, and research began to exam-
ine their ability to remember food patches, solve
problems when dealing with hard-to-access food,
and recognize and discriminate between familiar
and unfamiliar individuals (e.g., Gieling et al.
2011). The increased interest in their cognitive
abilities is, on one hand, based on the fact that
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swine are physiologically more similar to humans
than rodents are; therefore, domestic swine are
increasingly used as a model organism in neuro-
science and biobehavioral research. On the other
hand, insights into the cognitive capacities of
swine can be used to improve the welfare of this
intensively kept farm animal by designing
methods to enrich their environment (Puppe
et al. 2007).

Research on swine cognition has mostly been
conducted on domestic swine, but given that all
swine species are social and occupy a similar
ecological niche, we can assume that conclusions
drawn on domestic swine will likely apply to other
species of swine as well.

Swine as Discrimination Learners

Swine can learn to discriminate between two sim-
ple geometric black-and-white stimuli but seem to
be unable to transfer this skill to discriminate
between images of faces of familiar conspecifics
(Gieling et al. 2012a). In addition, swine showed
slow visual learning abilities for the presented
symbols compared to other species. Given their
rooting foraging style, one would expect them to
perform better in discrimination tasks that include
olfactory or haptic cues. Indeed, when mini pigs
were trained to discriminate between food extract
odors, they were able to use visual or olfactory
cues, in addition to spatial cues, to navigate in a
new environment and to find a previously
rewarded container (Croney et al. 2003).

Swine as Spatial Learners

Swine, if allowed, feed on a very flexible diet,
opportunistically exploiting a vast number of
food sources. Thus, they do not only have to recall
which patches they already exploited but also
when they did so, because several food sources
replenish over time. Therefore, it should not be
surprising to find cognitive capacities that are well
adjusted to their foraging ecology. Indeed, domes-
tic swine are exceptionally good at using spatial
information to find new food sources and to

remember locations they have previously visited.
Mendl and colleagues (1997) found that swine
rapidly learned to find hidden food in a spatial
memory task. Twice-daily, the researchers baited
several food locations. The swine were able to
find food regardless if the delay between visits
was several minutes or several hours. Subjects
readily learned how to return to a location where
they had recently fed, i.e., following a so-called
“win-stay” strategy that might be an advantage
under husbandry conditions due to the repeated
provision of food at the same place. However,
when given the opportunity, swine show a prefer-
ence for a “win-shift” foraging strategy, i.e.,
avoiding locations where they have recently
found food (Laughlin and Mendl 2000).

An excellent approach to demonstrate the spa-
tial learning abilities of swine is their performance
in a spatial holeboard task (see Fig. 1). In this task,
multiple potential food locations are presented to
subjects at a time, but only a small amount of them
are baited with a reward. Here, domestic swine
show very high scores in their reference
(remembering where to find food) and working
memory (avoiding revisits of baited locations)
(Gieling et al. 2012b). Notably, their performance
in spatial learning tasks was affected by the level
of environmental complexity and the number of
stressful disruptions after initial learning, indicat-
ing an impairment of otherwise excellent spatio-
cognitive abilities due to decreased welfare
(Mendl et al. 1997).

Swine Cognition, Fig. 1 Test subject in a spatial
holeboard task (Photo Ivar Pel, Utrecht University). This
task measures spatial working and reference memory in
swine and other animals
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Swine as Problem-Solvers

The ability of swine to solve novel problems and
understand causal relationships has been less
investigated. Given their flexible diet and their
particular feeding habits, it should nonetheless
come as no surprise to find cognitive abilities
that enable them to adapt quickly to new foraging
situations. One way to relatively easily assess
physical problem-solving abilities is the adminis-
tration of an object-choice task (see Fig. 2). Here,
individuals can choose between two or more hid-
ing locations (e.g., cups), while only one of the
locations contains a reward. By providing specific
indirect cues to the subjects when manipulating
the cups (i.e., by lifting or shaking of the unbaited
cup), subjects can potentially infer the position of
the reward by using the causal relationships
between the reward and the cup (i.e., an empty
space below a cup or not hearing a noise while the
cup is shaken indicates that the reward is in the
other location). Swine were able to infer the cor-
rect location after seeing the empty cup lifted, but
they did show difficulties when confronted with
an empty shaken cup (Nawroth and von Borell
2015). Thus, swine seem to be able to understand
some causal relationships behind the information
provided and the reward in these tasks, although
rapid learning might offer an alternative

explanation. Nonetheless, these results provide
support for their rapid adaptation to new foraging
situations.

As mentioned above, swine perform well in
object-choice tasks in which they have to compre-
hend that food is hidden in one out of two or more
potential baiting locations. This suggests that they
exhibit at least a rudimentary level of object per-
manence. However, their ability to follow more
complex movements of hidden objects still war-
rants further investigation.

There is not a lot known on the numerical
competence of swine. Domestic swine have been
shown to distinguish between different quantities
of food (Held et al. 2005), while the mechanisms
behind these discrimination abilities remain
unclear. There is also little known on the ability
of swine to use tools. However, wild boar kept in
zoos have been observed using water to wash the
dirt off of potatoes and other food (Sommer et al.
2016), providing a first case for rudimentary tool
use in swine. On a final note, given that swine rely
more on olfactory and acoustic rather than visual
cues when foraging, paradigms relying on smell
and sound might be a more promising attempt to
uncover their problem-solving skills (Croney
et al. 2003).

Swine Cognition, Fig. 2 Setup of an object choice task for domestic swine (left,# by FBN) and wild boar (right, taken
from Albiach-Serrano et al. 2012)
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Swine as Social Animals

In general, swine are highly gregarious animals,
forming stable social hierarchies. Wild boar and
feral domestic swine form matricentric groups of
older females with their offspring, while young
males often form bachelor groups. Adult males
remain solitary and only join the females during
the mating season.

Differentiation of Conspecifics
Living in groups requires good discriminatory
abilities to differentiate between group and non-
group members. Thus, it is not surprising that
domestic swine can not only differentiate between
familiar and non-familiar conspecifics but also
between groupmembers through the use of visual,
auditory and olfactory cues (McLeman et al.
2005). In term of visual cues, they appear to use
primarily body size and body features to distin-
guish between familiar conspecifics. Head only
cues of familiar conspecifics do not seem suffi-
cient for discrimination learning (Gieling et al.
2012a).

Social Learning
Due to their flexible diet, one would expect infor-
mation transfer from adult swine to piglets. For
young swine, it would not only be an advantage to
learn what to eat but also how to acquire and
process particular food sources. Indeed, it has
been demonstrated that domestic piglets are capa-
ble of learning what food to prefer from observing
the feeding behavior of their mother (Oostindjer
et al. 2011). They can also learn how to solve a
simple puzzle from kin. When piglets watched
adults moving a door to either the left or right
side, they tended to open the door in the same
direction (Veit et al. 2017). Information transfer
between adult swine or social learning from
humans has not been investigated yet.

Swine and Humans
Humans have domesticated swine for as long as
9000 years (Giuffra et al. 2000). But unlike dogs
and horses, domestic swine have not primarily
been bred to cooperate with humans. However,
one would expect that these animals also

cognitively adapted to their new domestic envi-
ronment, leading to improved recognition of and
communication with humans. Thus, it is no sur-
prise to find that swine are able to tell handlers
apart, mainly relying on the body height and upper
torso of the human (e.g., Koba and Tanida 2001).
When piglets are confronted with two humans, of
which only one paid attention to them, they pre-
ferred to approach the attentive one in anticipation
of a reward (Nawroth et al. 2013). This indicates
that piglets realize when they are being watched –
and who is watching them.

Domestic piglets can also learn and attend to
some forms of human communication; for exam-
ple, they can use a variety of pointing cues and are
also able to utilize the body and head orientation
of a human to locate a hidden reward in an object-
choice task (Nawroth et al. 2014). Interestingly,
wild boar will follow human pointing gestures as
well (Albiach-Serrano et al. 2012, see Fig. 2).
Domestic dogs solve this kind of task by using
the referential information conveyed by those ges-
tures. However, for the piglets and wild boar, it
might be that they are simply following the
pointing gestures by relying on stimulus enhance-
ment. Thus, it is not clear yet whether they can
comprehend the referential and intentional nature
that is usually included in human
communicative cues.

Other Cognitive Phenomena in Swine

Time Perception/Mental Time Travel
Swine do remember when food sources have been
visited and show indications of episodic-like
memory, with the latter requiring the simulta-
neous recall of the what, where and when/which
aspects of an event. In an object recognition test,
swine identified the less familiar of two object/
location/context configurations. Since configura-
tions only differed in familiarity if all aspects were
remembered simultaneously, swine recalled the
what/where/which aspects of the configuration
(Kouwenberg et al. 2009). Given that swine esti-
mate time intervals in the range of days (Fuhrer
and Gygax 2017), it is likely that they can also
encode the “when” aspects of events.
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Self-Awareness/Mirror Test
Although swine belong to a set of species that are
able to use a mirror to obtain information from
their environment (Broom et al. 2009), there is no
evidence that they can recognize themselves in a
mirror, i.e., pass the renowned mark test that was
initially developed for primates. However, the
absence of evidence for mirror self-cognition
does not necessarily imply the evidence of
absence. As previously stated, swine rely heavily
on olfactory cues, so using different modalities
than visual ones might be a promising method
for further investigations.

Theory of Mind
Swine are highly competitive foragers, relying on
food sources distributed in patches. Therefore, it
is not surprising that more dominant swine readily
start to scrounge on subordinate individuals by
following them to food patches the subordinates
have discovered (Held et al. 2002). To counter this
exploitative behavior, it seems adaptive for swine
to be aware of the presence and attentive states of
other individuals. Using an informed forager par-
adigm, Held and colleagues (2002) showed that
the approach time of a subordinate but knowl-
edgeable swine to get to a baited container
depends on the body position of the dominant
but ignorant (in terms of the baited location)
conspecific. Overall, subordinates were more
likely to show food-directed behavior when the
chance of arriving at the food source ahead of the
dominant subject was higher. Intriguingly, the
subordinates adjusted their foraging behavior
based on the individual they were foraging with,
i.e., counter-exploitation behavior was only
shown with dominant subjects that already
scrounged on the subordinates in previous forag-
ing trials (Held et al. 2010). In another experi-
ment, swine were trained to follow one of two
companions: one of them could observe a baiting
procedure and thus knew about the location of
food, while the other could not observe the events
and lacked this knowledge. Most test subjects did
not follow any of the two companions, probably
to avoid competitive and aggressive behavior.
Nonetheless, one swine followed the “knowing”
individual significantly more often than the

“unknowing” individual, indicating sophisticated
abilities of what others can or cannot see or know
(Held et al. 2001), a trait previously attributed to
primates and some corvid species.

Swine Cognition and Animal Welfare

Swine cognition is not only relevant in terms of
comparative psychology or translational biomed-
ical research but also for applied aspects of the
innovative implementation of their cognitive pro-
cesses in husbandry systems. Right now, there are
more than one billion domestic swine raised
worldwide, and their housing conditions range
from being intensive indoor conditions to exten-
sive outdoor conditions. Therefore, knowledge on
the cognitive abilities of swine becomes increas-
ingly important for the development of practically
useful applications that can be integrated in the
housing environment to avoid boredom and frus-
tration, and thus, improve animal welfare. For
example, enriching the housing environments
with only simple changes (e.g., use of straw, peat
or manipulative objects, or more structured space)
can improve the learning abilities of swine in
operant, maze or discrimination tasks (e.g.,
Grimberg-Henrici et al. 2015).

Today, it is more and more accepted that the
implementation of cognitive challenges into the
normal housing routine can serve as a form of
cognitive enrichment, and therefore offers a way
to improve how swine cope with their husbandry
environment (Puppe et al. 2007). Indeed, a cogni-
tive enrichment system using food-rewarded
learning with discriminatory and instrumental
tasks (Ernst et al. 2005, see Fig. 3) has been
shown to improve welfare-related behavioral pat-
terns (e.g., reduced abnormal behavior, decreased
fearfulness), while also demonstrating enhanced
wound healing, altered gene expression in reward-
sensitive opioidergic systems in the brain, and
seemed to evoke positive emotions in swine
(Zebunke et al. 2011). Considering these results,
it is an obvious conclusion that allowing swine to
use their cognitive talents under captive condi-
tions appears to be an influential way to enhance
their welfare.
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Similar to findings in other species, the emo-
tional state may affect the cognitive processes in
swine. Consequently, animal welfare scientists are
interested in measuring and enhancing the
cognitive-affective state of animals living in cap-
tive conditions. One promising approach to do
this is by testing cognitive bias, for example, in a
spatial judgement task specifically modified for
the use with swine (Düpjan et al. 2017). Using
this paradigm, it has been shown that structural
enrichment seems to affect the animal’s affective-
emotional reactions, leading to more optimistic
judgements in this task (Douglas et al. 2012).
Cognitive stimulation, as a particularly effective
method of enrichment, is likely to impact simi-
larly on swine affective states (Zebunke
et al. 2011).

Conclusion

Our knowledge of the cognitive abilities of swine
is largely based on research on domestic pigs. So
far it has been shown that swine have advanced
skills in spatial learning, memory and social cog-
nition, and they show at least basic levels of time

perception and awareness. Allowing them to use
these cognitive skills appears to be an important
way to enhance their welfare under restricted
housing conditions.

Cross-References

▶Animal-Human Interaction
▶Artiodactyla Cognition
▶Artiodactyla Communication
▶Artiodactyla Diet
▶Artiodactyla Life History
▶Artiodactyla Locomotion
▶Artiodactyla Morphology
▶Artiodactyla Navigation
▶Artiodactyla Sensory Systems
▶Cognitive Bias
▶Communication
▶Discrimination Learning
▶Domestication
▶ Individual Recognition
▶Memory
▶Number Concept
▶Recognition
▶Referential Communication

Swine Cognition, Fig. 3 (left) Cognitive enrichment
through operant reinforcement: Swine in a pen with call
feeding station (Ernst et al. 2005), equipped with Polar
belts for heart rate measurements. (right) Cognitive bias
test setup: Piglets were taught that a reward will be found
on the left side, and they got slightly punished when they

approached the right side. In probe test trials, a container
was positioned in the middle, and latency times of the
piglets’ approach were measured as an indicator of positive
or negative expectations (both photos # FBN
Dummerstorf)
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