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On your terms or mine: pigs'
response to imposed gentle tactile
contact vs. free form interaction
with a familiar human

Suzanne Truong?, Oceane Schmitt’? & Jean-Loup Rault'™*

Positive human-animal interactions (HAIs) can be intrinsically rewarding and facilitate positive human-
animal relationships. However, HAI paradigms vary across studies, and the influence of different
interaction paradigms on the animal’s response has been overlooked. We compared the behavioural
responses of pigs (n=28) individually tested with two types of gentle tactile interactions with a
familiar human: ‘free form (FF)’ where the pig could voluntarily approach and interact as they normally
would, and ‘imposed contact (IC)’ where the human imposed tactile contact on the pig according to

a standardised protocol. Pigs did not differ in their level of engagement with the human between the
two types of interactions. However, they differed in their behaviour as they explored the pen more
during the FF test, while they emitted more low-pitched vocalisations (grunts) during the IC test. These
differences can likely be imputed to the IC test differing to the pigs’ habituation to human contact,
which could have evoked greater attention to the human or triggered frustration due to violation of
expectation. These findings highlight the influence of the predictability of the interaction or level of
agency provided to the animal in HAI tests and relation to their previous experience of interacting.

Keywords Agency, Expectancy violation, Human-animal interactions, Human-animal relationship,
Naturalistic interactions, Positive animal welfare

Human-animal interactions (HAIs) can have a profound impact on animal welfare!?, and this is reflected in the
inclusion of positive HAIs in various animal welfare frameworks>*. Human-animal interaction studies since the
1970s have predominantly focused on the impacts of negative HAIs®. Recent years have seen a paradigm shift in
views of animal welfare, with a push for a greater emphasis on positive animal welfare”.

There is a growing body of literature supporting the potential benefits of positive HAIs. Positive HAIs can
both be intrinsically rewarding and facilitate positive human-animal relationships (HARs), a relationship that is
established when the animal forms expectations of its interactions with humans, and that can change based on
subsequent interactions®. Provision of gentle tactile interactions can reduce animals’ fear of humans and increase
approach behaviour, suggesting a positive perception of the interaction by the animal (pig”!'% cow!'%; dog'3;
sheep!*). The incorporation of positive HAIs can also be used as an enrichment strategy in zoo and laboratory
settings for its anxiolytic effects and ability to elicit positive behavioural changes (zoo!'>!°; laboratory!”!#). Effects
can also be seen extending beyond the interaction®. For example, positive human contacts can reduce incidences
of abnormal behaviour such as tail biting in pigs!®, increase grooming and reduce oral abnormal behaviours
amongst chimpanzees?’, and decrease heart rate in cows, indicating a relaxation effect post-stimulus?!.

Nonetheless, it is still unclear what makes an interaction qualify as positive from the animal’s point of view?®.
Due to the inherently complex and multidisciplinary nature of HAIs, studies remain largely varied in their
theoretical approaches, and methodologies are highly context-dependent?>?*. Some studies have investigated
animals’ responses to gentle contact on different body regions (cow?*?%; pig®®), whilst others have investigated
the type of contact given by the human, such as comparing stroking and scratching in piglets?, or the frequency
and duration of contact, such as tickling in rats?’.

Interaction protocols also differ. Some studies use structured interactions, i.e. the interacting human follows a

predetermined, standardised protocol (usually ‘imposed contact’) (dog?®; pig?®?>%; cow’!), whilst others employ
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unstructured (‘free form’) interactions, i.e. the interacting human may be given no specific instructions or is told
to interact as they normally do (chimpanzee?’; marmoset®, dog and robot*®). In humans, neural and cognitive
processes differ when interactants engage in truly interactive contexts compared to constrained and unnatural
contexts that are commonly used in experimental research®. Therefore, an unstructured, free form interaction
that allows for the breadth of responses from both interactants could help to truly understand the underpinnings
of social interactions®*~¢. To our knowledge, only one study has compared structured and unstructured human-
animal interactions®’, where the structured interaction involved the child and dog moving through an agility
arena, and the unstructured interaction involved the child and dog freely playing together (e.g. with a ball). They
did not find significant differences in the behavioural indicators of positive affect shown by either the children
or the dogs between these two types of interactions, and it is unknown whether these results translate to other
types of human-animal interactions.

Pigs hold a unique place in our society as they are commonly kept as farmed>®, laboratory®, or companion
animals*’. They are highly social with conspecifics and humans*!, making them a suitable model species for the
study of HAIs. Their increasing popularity across multiple contexts renders them susceptible to the impacts of
HATIs on a large scale, and thus it is imperative to gain a better understanding of pig-human interactions in order
to benefit their welfare*.

In this study, we compared two types of gentle tactile interactions: (1) ‘free form’ (FF), characterised by
an unstructured interaction where the pig is allowed to voluntarily approach and interact, and the human is
responsive to the pig’s solicitations, and (2) ‘imposed contact’ (IC), characterised by a structured interaction
where the human imposes contact on the pig in a standardised manner and the human is irresponsive to the
pig’s solicitations. The tests were conducted using a within-subject design over two consecutive days with a
counterbalanced order.

We hypothesised that pigs would show signs of a more positive perception of HAIs if they are allowed to
choose when and how to interact (FF) as opposed to when contact is imposed by the human (IC). The pig’s
response was assessed based on indicators of engagement (approach behaviour and active contact by the pig)
and positive affect (tail wagging). We also expected more resting behaviour and positive social interactions with
pen mates following free form HAIs.

Results
All results are presented as estimated mean + standard error.

Behaviours during the human-animal interaction test
Activity
Pigs spent significantly more time exploring the pen during FF than IC (103.8 +7.3 s vs. 64.9+7.45,F )| =24.35,
p<0.001, Fig. 1A), but there was no significant effect of day (p =0.395) or its interaction with test type (p =0.416).
Although not statistically significant, pigs moving towards and moving away from the human showed a
strong tendency to differ according to the interaction of test typex day (moving towards: z=—1.95, p=0.051;
moving away: z=—1.91, p=0.057), where pigs moved towards and away from the human significantly less
during FF than IC on day 1 (moving towards: z=—2.32, p=0.003, Fig. 1B; moving away: z=—3.51, p=0.003,
Fig. 1C) but not on day 2 (moving towards: p=0.949; moving away: p =0.903).
No other active behaviours were significantly influenced by test type, day, or their interaction (Supplementary
Table S1).

Behavioural transitions

The number of behavioural transitions differed significantly according to the interaction of test type X day
(z=—4.02, p<0.001, Fig. 1D), where the number of transitions was significantly lower during FF compared
to IC on day 1 (z=—4.55, p<0.001) but not on day 2 (p=0.728), and significantly lower during FF on day 1
compared to FF on day 2 (z=—3.32, p=0.005), but significantly higher during IC on day 1 compared to IC on
day 2 (z=2.61, p=0.044).

Latencies to approach and contact
The pigs’ latencies to approach and to make first contact with the human did not significantly differ according to
the type of test, day, or their interaction (Supplementary Table S1).

Vocalisations

The total number of low-pitched vocalisations was significantly lower during FF than IC (20.6+5.9 times
vs. 34.0+9.9 times, z=—2.01, p=0.045, Fig. 1E), with no significant effect of day or its interaction with test
type. The probability of high-pitched vocalisations being emitted varied significantly between days (z=3.766,
p<0.001), being significantly higher on day 1 than day 2 (probability: 1.0+ 0.0 vs. 0.0 +0.0, p <0.001), but with
no significant effect of test type (p=0.785) or its interaction with day (p=0.732).

Tail posture and movement

Although not statistically significant, pigs tended to spend less time with their tail curled during FF than IC
(274.0+5.0 s vs. 280.0+5.1 5, z=—1.70, p=0.095), and on day 1 than day 2 (274.0+4.9 s vs. 281.0+5.1 s;
z=—1.90, p=0.060), but there was no significant effect of the test type X day interaction. No other tail posture or
movement were significantly influenced by test type, day, or their interaction (Supplementary Table S1).
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Fig. 1. Behaviours of pigs (n=28) during the test sessions for which test type or the interaction of test

type X day were statistically significant based on post-hoc pairwise comparisons. (a) Total duration of exploring
the pen; (b) Total number of times moving towards the human; (c) Total number of times moving away from
the human; (d) Total number of behavioural transitions; (e) Total number of low-pitched vocalisations. Red
triangle = estimated mean; horizontal line within box = median; lower and upper edge of box=1st and 3rd
quartile; error bars=95% confidence intervals; grey dots =raw data points. FF free form, IC imposed contact,
DI day 1, D2 day 2. *p <.05; **p <.01; ***p <.001.

Influence of the duration of contact by human

The duration of contact by the pig was significantly higher with longer duration of contact by the human
(F,3=66.94, p<0.001), while pigs spent significantly more time immobile (F, ,,=10.426, p=0.002) and
significantly more time with their tail curled (z=-2.20, p=0.034) with shorter duration of contact by the
human. Although not statistically significant, pigs also tended to spend more time exploring the pen with shorter
duration of contact by the human (Fl, 19=3.19, p=0.080).

Post-test behaviours

Agonistic behaviour between pen mates after returning from the test differed according to the test type x day
interaction (F, ,,=4.43, p=0.045), but post-hoc pairwise comparisons were not statistically significant. Pigs
tended to perform less behavioural transitions after the FF test than after the IC test (128 +20.1 vs. 153 +20.0,
F, 15=4.06, p=0.062), but there was no significant effect of day or its interaction with test type. No other
behaviours observed post-test were significantly influenced by test type, day, or their interaction (Supplementary
Table S2).

Assessment of the human-animal relationship

All pigs reduced their latency to approach and their avoidance distance from the interacting human after the
end of the testing period compared to before habituation. The median latency to approach was 300 s (range:
25-300 s) before habituation and 7 s (range: 2-80 s) after the end of the testing period. The respective median
avoidance distances were 0.5 m (range: 0-3 m) and 0 m (range: 0-1 m). Therefore, these results confirmed that
all pigs had built a positive human-animal relationship with the familiar human.

Discussion

Contrary to our predictions, pigs showed neither higher engagement nor greater signs of positive affect in the
FF test compared to the IC test, based on the amount of contact initiated by the pig, approach behaviour, and tail
wagging. However, there was a difference in their behaviour in that pigs explored the pen more during the FF
tests and emitted more low-pitched vocalisations (grunts) during the IC tests. There was also a subtle influence
of the test type X day interaction on the number of behavioural transitions that suggests an influence of test
sequence and previous experience. Altogether, these differences indicate a difference in the pigs’ perception of
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these different types of interactions that is likely attributed to a violation of expectation formed by their previous
experience of interacting with the human or due to the change in their level of agency over the interaction.

Pigs did not differ in their time spent actively making contact with the human, suggesting a similar level of
engagement despite the different interaction approaches used in the tests. We designed the duration of contact
given by the human in the IC test to result in a similar duration of contact as the FF treatment (based on previous
unpublished data) in order to avoid confounding effects of interaction styles and duration of interactions.
Despite controlling the human’s behaviour, the pigs were still free to initiate contacts with the human in the non-
responsive periods of the IC sessions. The significant effect of the contact by human covariate on the duration
of contact by pig, standing or sitting immobile, and curled tail suggests that the act of the human giving contact
was associated with changes in the pigs’ behaviours, although the direction of influence (i.e. whether the pig
influenced the human or human influenced the pig) cannot be ascertained based on these results. The average
duration of contact by the pigs was approximately one third of the test session during the IC condition, similar
to Tallet et al.?6 using structured interactions in which this was considered to be a high level of interest in the
human. For the FF condition, the average duration of contact by the pigs was approximately one quarter of the
test session, similar to Villain et al.*3 using unstructured interactions where the human also interacted in the
same way as they did during habituation. It is worth noting that direct comparisons between studies are difficult
to make due to differences in the parameters used to indicate interest in the human, such as the type of behaviour
or distance from the human*-*6,

Our results do not suggest that pigs have a clear preference for one type of interaction over another, as
they did not differ in terms of our indicators of engagement (i.e. contact by pig, moving towards human) and
positive affect (i.e. tail wagging) in the way we predicted. This is consistent with the findings of a previous study
that did not find significant differences in positive affect when comparing structured and unstructured dog-
human interactions. Pigs did not differ in their latency to move towards the human and make first contact,
unlike previous studies where pigs showed more approach behaviour when the human was squatting and not
approaching versus standing and approaching®**”. This could be due to the differences in habituation procedures,
where our pigs were exposed to the human standing and approaching at several points during the habituation
period to avoid fearful reactions whereas other studies did not***”. We did not observe any differences between
the two test conditions for tail wagging, hanging tail, or tucked tail, despite their links to affective states in
previous studies*®>!. Although there tended to be a difference in duration of curled tail between test conditions
and between days, we deemed these 2.2% and 2.5% differences respectively to be not biologically significant.
As the pigs’ tails were curled for the majority of the time in both test conditions, this is consistent with curled
tail being considered a default, neutral posture*®. Hanging and tucked tail were rare postures in our study. The
lack of differences in tail posture and movement could be due to the fact that both conditions in our study were
designed to be positive gentle interactions, so perhaps either the differences were too subtle to observe or the
conditions were not dissimilar enough to produce an observable difference compared to other studies where
they have compared situations of opposite valence (negative vs. positive)*® or investigated tail wagging in specific
contexts (play®’; exploration®?).

We observed differences in other active behaviours that may reveal more information about the pigs’
perception of the tests and their underlying motivations. The higher duration of exploration during FF compared
to IC interactions suggests that the pigs preferred to spend more time exploring the pen when they were free to
choose when to interact with the human. The underlying motivation for this higher duration of exploration in
the FF test, as a non-human-directed behaviour, remains ambiguous given that the environment was familiar
to the pigs in both conditions. Perhaps the pigs increased their attention towards the human during the IC test
because the imposed contact by the human was novel to the pigs. Thus, the lower duration of exploring the pen
in the IC test compared to the FF tests could be explained by the increase in pigs’ behaviours relating to attention
towards the human such as moving towards and moving away from the human.

The effect of test type on behaviours related to attention and responsiveness to the human (i.e. moving
towards and moving away) was more pronounced on day 1, which suggests an influence of previous experience.
It is plausible that the pigs who underwent IC on day 1 were paying more attention to the human even in
their subsequent FF test on day 2 due to their experience from the previous day, thus attenuating the difference
between conditions on day 2. Likewise, pigs who started with the IC test on day 1 performed a higher number
of behavioural transitions during the IC test on that day as well as during the FF test on the subsequent day
compared to the group that started with FF on day 1, suggesting an influence of test sequence and previous
experience. These results combined with the production of more low-pitched vocalisations during the IC tests
suggests that this test condition was perhaps mildly stress-inducing®? or frustrating?®>*. This is consistent with
similar studies where an irresponsive, immobile familiar human seemed to induce frustration in pigs as the
test did not match what they previously experienced with the human?®%, or when pigs were not rewarded for a
behaviour they were previously conditioned for*>, i.e. violation of expectation (cetacean®; dog®’) or affecting
their level of perceived agency”®. However, as low-pitched vocalisations can occur in both positive and negative
situations®®, we cannot conclude on the valence of our test situation based on our results. Other studies have
suggested that the increased number of vocalisations could have a communicative function, as the vocalisations
could be contact calls to conspecifics®’, or attempts to seek information from a familiar human when their
characteristics have been altered compared to the pigs’ previous experience®.

An alternative explanation for the increased number of moving towards and moving away during the IC test
is that this could resemble the approach-avoidance conflict invoked during human interaction tests such as the
human approach test and withdrawal response test described in Murphy et al.%2. The IC test as we designed it is
essentially a combination of these two tests, where during the no contact phase the human remains immobile
like in the human approach test, and during the approaching phase the human walks towards the pig like in the
withdrawal response test. Although the human is familiar in our tests, the change in behaviour during the IC
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test could be an aspect of novelty that induces curiosity during the no contact phase whilst invoking avoidance
during the approaching phase. Nevertheless, the pigs did not show escape attempts, which suggests the IC test
did not induce major distress in the pigs.

As a limitation to our study, the experimenter mainly responsible for data collection and analyses (S.T.)
was involved in the study design (i.e. knew the hypotheses) and acted as the interacting human during the
tests. Blinding this person was not possible, which could have biased the human interactions and, therefore, the
results. However, as there were no significant effects of test type, day, test type X day interaction, and batch on
the duration of contact by the human (Supplementary Table S1), it is unlikely that the behaviour of the human
differed, suggesting that the human behaved consistently. Additional limitations of our study include the small
sample size, which could have been insufficient to detect potential subtle differences given the inter-individual
variability on the behaviours recorded, and the involvement of only one interacting human for all pigs, which
limits the generalisation of the results. Therefore, the results obtained in the current study encourage further
investigations, using a larger sample size and several interacting humans.

Conclusion

Pigs showed subtle differences in their response to gentle tactile interactions with a familiar human depending
on whether they could choose when and how to interact versus when contact was imposed on them. Although
the pigs did not appear to show a clear preference for either type of interaction based on indicators of engagement
and affective states, their behavioural responses suggest that changes in a familiar human’s behaviour made them
more attentive towards the human and possibly induced frustration due to expectancy violation or reduced
agency. These findings highlight the influence of potential expectations formed by previous experiences on the
animal’s response and how the design of interaction protocols can impact study outcomes.

Methods

This study was approved by the Ethics and Animal Welfare Committee of the University of Veterinary Medicine
Vienna (project number ETK-182/12/2020) and all methods were carried out in accordance with Good Scientific
Practice guidelines and national legislation. All methods are reported in accordance with ARRIVE guidelines.
This experiment does not fall under the requirement for human ethics (or human accordance) approval. We only
had one person acting as the interacting person with the pigs, and this was one of the authors (Suzanne Truong),
who provided informed consent.

Animals, housing and feeding

The present study was conducted at the research farm of the University of Veterinary Medicine Vienna (VetFarm
‘Medau’) with a total of 30 pigs (Large White x Pietrain breed) over two batches of 15 pigs each. Before weaning,
sows and their piglets were housed in BeFree farrowing pens (Schauer Agrotronic GmbH, Prambachkirchen,
Austria) of 2.22 m X 2.86 m (sow movement area of 4.2 m?) with a plastic slatted floor and a concrete lying area.
Pigs’ tails were kept intact. At weaning, i.e. approximately 28 days of age, 15 female pigs from three litters (i.e. 5
females per litter) were recruited based on being visually healthy and avoiding large variations in weight. They
were housed in groups of three pigs (i.e. one pig from each litter, so an equal representation of litters in each
pen) in weaner pens (2.45 m X 3.20 m) consisting of grey plastic walls, concrete partly-slatted flooring (slatted
area=2.45 m X 1.23 m; 40% of pen area) equipped with a multi-place feeder (four places), one drinker bowl,
and a shelter area (2.45 m X 1.00 m) with a roof 0.94 m above the ground. Pen enrichment consisted of straw
and sawdust in the non-slatted area of the pen, a braided jute rope (1 m long) hung from the pen door and an
orange dog toy ball (Airflow ball, Dog Crest, 7.6 cm diameter). Spot cleaning (removal of faeces in the non-
slatted area) of the pens occurred when needed, and deep cleaning (removal of faeces in all areas of the pen) and
refreshment of straw and sawdust was done twice weekly. Room temperature was automatically regulated around
22 °C (mean + standard error: 21.8 +0.08 °C (range: 16-30.2 °C) in batch 1; 22.0 +0.11 °C (range: 14.8-29.7 °C)
in batch 2) through a temperature control system (CB2012, Strijbos Climatech, de Wit AgroHandel GmbH;
Austria), and thermal comfort of the pigs was ensured by floor heating. The room windows provided natural
lighting to all the pens and artificial lights were turned on daily from 08:00 until 15:00. The experimenters always
knocked on the door before entering the room to avoid startling the pigs. Throughout the experimental period,
pigs were fed a standard weaner diet (17.5% crude protein, 7% crude fat; Garant-Tiernahrung GmbH, Austria)
topped with a supplement (Biotronic Top3 and ProbioBac; Biomin®, Austria) provided ad libitum.

Experimental design

Two female experimenters conducted the experiment. The first experimenter (S.T.: 159 cm, wearing black
overalls and black boots) was the ‘interacting human’ The second experimenter (O.S.: 173 c¢m, wearing red
overalls and black boots) was the ‘handler, who moved the pigs between their home pen and the test pen. Farm
staff were also female and wore either red, dark blue or dark green overalls. Pigs were marked by the handler on
their back with an animal marker spray to facilitate individual identification, and re-marking always occurred at
the end of the day when necessary.

Assessment of the human-animal relationship

Human voluntary approach and human avoidance tests were conducted once before the habituation period
and once after the test period in order to verify the establishment of a positive human-animal relationship, and
check for individual differences in the human-animal relationship. Both tests were conducted by the interacting
human, as the study focus was on positive human-animal relationship with a specific human and not on the
generalisation of that relationship to other humans.
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For the human voluntary approach, the interacting human entered the home pen, walked to the opposite
corner of the pen gate and stood still, waiting until the pigs touched her (i.e. snout in contact with boot or
overall). The latency for each pig to touch the interacting human was recorded. The test ended when all pigs
touched the interacting human or after 5 min.

For the human avoidance test, one pig per group was tested at a time. The interacting human chose a focal
pig at random, moved to a starting location within the home pen around 3 m away from them, and moved
towards them continuously in steps of 0.5 m at a speed of one step per second until the pig moved to avoid the
experimenter (defined as the pig moving both of its front feet). The distance to which the interacting human
could approach the pig before it moved was estimated in increments of 0.5 m. If the pig did not move, the
interacting human attempted to touch it on the forehead and, if successful, the distance recorded was 0 (if not
successful, the distance recorded was 0.5 m). The test was attempted up to three times in case the pig moved
prior to the experimenter placing herself at 3 m to start the test. A 5 min break was observed between rounds of
human avoidance test in a pen, and between the human approach test and the human avoidance test.

Habituation

Starting from 3 days post-weaning (at 5 weeks of age), all pigs were gradually habituated to human presence,
human contact, and to the test pen over 3 weeks in a stepwise process (Fig. 2). The interaction procedure during
all phases of habituation (unless specified otherwise) was as follows: the experimenter entered the pen, kneeled
in the corner opposite to the door and attracted their attention by talking softly to them, encouraging the pigs
to approach. If the pigs initiated contact with her, she presented her hand to them and then gently stroked and/
or scratched them. These tactile contacts were first applied on the head area (snout, head front and sides, neck)
and slowly moved towards the rear of the body, including belly-rubbing if the pigs rolled on their back and
exposed their belly®*. Touching the ears of the pigs was avoided as it might be perceived as unpleasant (personal
observations). Sudden movements and speaking in a loud voice were avoided. However, if a pig started to bite,
the first reaction was to withdraw from the pig, and if it insisted it was gently tapped on their snout to discourage
this behaviour.

In the first phase of the habituation, pigs were exposed to human presence and contacts in their home pen
across two daily sessions of 5 min each over 2 days. Both experimenters were involved on the first day, and only
the interacting human was involved from the second day onwards. This was to avoid fearful reactions to the
handler while allowing more time for the pigs to develop a positive relationship with the interacting human in
the tests. Each experimenter entered the home pens separately and kneeled in the opposite corner of the pen.

In the second phase of the habituation, each group was guided by the handler to the test pen across two
daily sessions of 5 min over 2 days. The handler exited the room after bringing the pigs to the test pen, and only
returned to the room when the 5 min had elapsed. The interacting human was already in the test pen, kneeling
in the corner opposite to the door. On the second day, the interacting human stood up and walked towards the
pigs at the speed of approximately one step per second twice during the session in order to habituate them to
being approached and avoid fear reactions during the imposed contact test sessions. Upon approaching the pigs,
the interacting human kneeled and allowed the pigs to voluntarily approach and interact as per the interaction
procedure for habituation.

In the last phase of habituation, each pig was moved individually to the test pen, where it stayed for a gradually
increasing amount of time (from 1 to 5 min) across days. Sessions in this last phase were conducted twice daily
over 5 days, then once daily over the last 6 days of habituation. The duration was increased only when the pig
did not show any signs of distress. The following behaviours were considered signs of distress: three acts of
defecation or urination, five high-pitched vocalisations within 1 min, three attempts to escape, or a combination
of any two of these behaviours. At any phase of the habituation, the session was ended immediately if a pig
showed distress reactions and it (or the group of pigs) was returned to the home pen. In case distress reactions
happened during the first sessions of the last phase (i.e. individual habituation), pigs underwent one session in
their group and one individual session on the next days until they no longer showed signs of distress.

On the last two sessions, the interacting human once again habituated the pig to being approached. Individual
preferences for the type and region of tactile contact were recorded during the last phase of habituation, to
facilitate the delivery of contact that was preferred by each individual pig during the FF test session. Preferences
for tactile contact was assessed by the interacting human based on the lack of withdrawal response and maintained
contact by the pig. Additionally, during the last 4 days of habituation, a microphone was installed in the middle
of the pen (suspended 1 m above the ground for the recording of pig vocalisations) to familiarise the pigs with it.

HAR tests HAR tests
Weaning Habituation HAI tests
I |
» Phase 1 Phase 2 Phase 3
\ \ \
5 6 7 8 9 Age (weeks)

Fig. 2. Experimental timeline. HAR: human-animal relationship. HAR tests: human approach and avoidance
tests. Habituation to the interacting human and testing environment consisted of 2 sessions per day (excluding
weekends) in three phases: Phase 1—group habituation in the home pen; Phase 2—group habituation in the
test pen; Phase 3—individual habituation in the test pen. HAI: human-animal interaction.

Scientific Reports |

(2024) 14:25249 | https://doi.org/10.1038/s41598-024-76451-5 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Human-animal interaction tests

After three weeks of habituation, all pigs were subjected to two 5-min tests across two consecutive days using a
within-subject, counterbalanced design. Each pig underwent each of the two different types of HAIs (Table 1),
with half the pigs starting with the free form contact (FF) condition and the other half starting with the imposed
contact (IC) condition on the first day, then undergoing the alternate test type on the next day. Pig behaviour
was video recorded during the test sessions and in their home pen for 30 min post-test. The test order of pigs
was pseudo-randomised within each pen group and within a day to avoid order effects, ensuring that there was
at least 30 min between two pigs of the same pen to avoid disturbance of the post-test recording. This test order
was the same for both tests to avoid an effect of time. To avoid potential rebound effects after a prolonged period
without human contact over the weekend, a session of habituation was conducted on the Monday and the tests
were conducted on the following days. Sessions took place in the morning between 8:30 and 11:30 h when the
Ppigs were most active.

The testing procedure was as follows: the handler moved the pig from the home pen to the test pen and
exited the room. The interacting human then entered the room, said “hi piggy” upon arriving at the test pen
gate, then entered the pen and locked the pen gate. The interacting human proceeded to walk from the pen gate
to the corner opposite the door, the first step initiating the 5-min session. She then kneeled in the corner and
followed the procedure outlined in Table 1 according to the type of interaction. Once 5 min elapsed, the handler
re-entered the room and moved the pig back to its home pen, where its behaviour was recorded for a further
30 min to observe post-test behaviours.

The IC sequence (Table 1) resulted in a maximum of ten interactions over the 5-min test session
(15 sx 10 min=150 s or 50% of test time), which was designed to be similar to the amount of contact time
obtained in a previous trial where FF contact was employed (unpublished data). During the IC tests, if the pig
refused the interaction, i.e., by moving two steps away from the human during the approach, then the interacting
human immediately returned to the initial location, kneeled, and waited until the next bout to engage in a new
contact bout.

Behavioural analyses

The test pen and the home pens were continuously video recorded (camera Hikvision DS-2CD5046GO-AP;
Hangzhou Hikvision Electronics Co., Ltd.; Hangzhou, China) from 8:00 to 17:00 h, which allowed behavioural
analysis during test sessions and post-test with the BORIS software®® (version 7.10.2) using continuous focal
sampling®. It was not possible to blind the observer to the type of interaction, however inter- and intra-observer
reliability were assessed and deemed acceptable.

Behaviours during test sessions

The behaviours of the pigs during the 5-min tests were recorded using an ethogram (Table 2), with a particular
focus on behaviours toward the human, indicators of engagement (i.e. contact by the pig, moving towards), and
indicators of affective state (i.e. tail posture and movement, vocalisations, distress-related behaviours). Latencies
to first approach and first contact by the pig were also recorded, and the number of behavioural transitions was
calculated as the sum of changes between behavioural states. Additionally, we recorded the duration of contact
by the human to check the consistency of the human’s behaviour as the tests were designed so that the human
would deliver different types of contact but overall similar total durations of contact in both test conditions.

Audio recording during test sessions

Pig vocalisations during the test sessions were recorded with a microphone (Sennheiser MKE600; Sennheiser
electronic GmbH & Co. KG, Wedemark, Germany) linked to a recorder (Zoom H4N; ZOOM Corporation,
Tokyo, Japan). In order to match the time in the audio recording to the time in the video recording, the
interacting human tapped the microphone after each session. Vocalisations were coded as point events in the
BORIS software® (version 7.10.2) according to two categories: low-pitched (grunts) and high-pitched (grunt-
squeals, squeals and screams).

Test condition

Description

Free form contact (FF)

The interacting human remains kneeling in the corner opposite to the pen gate for the duration of the session. The pig is allowed to approach and interact
on a voluntary basis. The human encourages the pig to approach using a soft talking voice, and small hand and arm gestures such as tapping of the fingers.
If the pig is within arm’s reach, the interacting human provides a variety of gentle tactile contact including stroking, scratching, and rubbing as she had
done during the last phase of habituation, responding to the pig’s solicitation cues

Imposed contact (IC)

The interacting human follows a standardised protocol from a pre-recorded audio playback playing through a wireless earbud, indicating the timing of a
contact sequence repeated 10 times:

Approaching (8 s): If the pig is not within arm’s reach, the human stands up and walks towards the pig at a speed of one step per second and kneels down
within 8 s. If the pig is already within arm’s reach, the human remains kneeling with arms folded and placing her gaze on the far wall to avoid eye contact,
ignoring the pig until the last 2 s when she orientates her body towards the pig

Imposing contact (15 s): The interacting human presents her hand to the pig’s snout in the first second, followed by stroking from the neck to the lower
back at a rate of one stroke every 2 s

Withdrawing from the pig (7 s): The interacting human stands up and walks away from the pig to the corner of the pen opposite to the door, kneels, folds
her arms, places her gaze on the far wall and ignores the pig, waiting for the next contact bout

The human verbalises each of her actions during the sequence: “Standing”, “Walking”, “Kneeling”, and says “Good girl” when applying each stroke on the pig

Table 1. Description of the types of interaction provided by the interacting human during the 5-min
interaction test session (see Videos in the Supplementary Material).
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Category Behaviour Definition
Contact by pig Pig makes active contact with human. Includes sniffing, nosing, oral manipulation, rubbing, pawing
Body contact® 1P1g make§ bpdy contact with human. Includes climbing on human, standing with body against human, and

lying or sitting on human
Contact by human® Pig receives active contact (stroking, scratching, rubbing) by the human
Following Pig takes more than two steps in the same direction as the moving human
Moving towards Pig takes more than two steps in a direction that decreases the distance between pig and human
Moving away Pig takes more than two steps in a direction that increases the distance between pig and human
L Exploring the pen® Pig’s snout touches pen floor or wall for more than 1 s

Activity Lying down? Pig’s thorax touches the ground

Immobile Pig is either sitting or standing for more than 2 s and less than 30 s, shows no specific movement

Inactive (Sara Hintze, unpublished)

Pig is either standing or lying, shows no specific movement for more than 30 s. Pig remains inactive if it engages
in exploration maximum twice or for less than 5s, takes less than five steps away, stretches or changes posture

Escape behaviour®

Pig nudges/pushes against pen door using snout or front legs; climbs door, wall or into back corner

Escape attempt®

Pig jumps against the door or wall

High-pitched vocalisation

Elimination® Pig excretes faeces or urine
Not visible Pig’s behaviour cannot be determined due to snout being obstructed from view
Hanging tail Tail is pointing downward
Curled tail Tail coiled up in a curl on top of the body
Tail posture and - 0 - - 0
movementss Tucked tail Tail is kept vertically down and close to the body whereby the tip of the tail is held between the legs
Wagging Tail swinging in any direction, but mostly from side to side
Not visible Pig’s tail posture or movement cannot be determined due to tail being obstructed from view
Low-pitched vocalisation Grunts
Vocalisations®®

Grunt-squeals, squeals, and screams

Table 2. Ethogram for behavioural observation of the 5-min test sessions. Behaviours within the same
category are mutually exclusive unless stated otherwise. Behaviours were coded as state events unless stated
otherwise. Definitions adapted from other studies are cited. *Body contact’ did not exclude ‘Contact by pig}
‘Contact by human, Tmmobile] ‘Inactive] ‘Other; and ‘Not visible’ YContact by human’ did not exclude any
behaviours. “An interruption of >3 s was considered a new bout. ¢“Lying down’ did not exclude ‘Contact by
pig; ‘Contact by human, ‘Exploring} ‘Inactive, ‘Other, and ‘Not visible’ *Scored as point event due to short

duration.

Behaviours after the test sessions (post-test)

At the beginning of each testing day, the roof of the shelter area in each home pen was removed to allow
recording of the pigs’ behaviour post-test. The post-test behaviours (Table 3) in the home pen were observed for
30 min using continuous focal sampling®, with a special focus on resting (i.e. inactive, lying down) and social
behaviours (i.e. social play, snout to snout contacts) of the previously tested pig.

Statistical analyses

Statistical analyses were performed using the R statistical software®® (version 4.3.3). We used (generalised)
linear mixed models ((G)LMMs) to analyse all test and post-test behaviours using separate models for each
behavioural variable. For LMMs and GLMMs based on the Poisson and binomial distributions, we used the
‘lme4’ package® (version 1.1.35.1). For GLMMs based on the negative binomial and Gamma distributions, we
used the ‘glmmTMB’ package” (version 1.1.8). A global model was created including test type, day, and their
interaction as fixed effects, as we expected the effect of test type on behaviour to change depending on the order
of presentation of the tests. We included batch as an additional fixed effect to control for its potential effect.
Individual, sow, pen, and group were included as random intercept effects. We included random slopes for day
and test type within sow, day and test type within group, and test type X day interaction and batch within pen.
For test behaviours except for latencies, we also included the duration of contact by the human as a covariate in
order to account for the intrinsic variability between sessions due to the amount of contact given by the human.

Prior to fitting the models, we inspected all quantitative predictors and the response for whether their
distributions were roughly normal. The variable latency to first ‘lying down’ for post-test behaviours was log-
transformed to improve its distribution. The variables latency to first ‘moving towards’ and latency to first
‘contact by pig’ were transformed according to (y+0.001) where y is the response variable to avoid values of zero
as some pigs were already in contact with the human when the session started.

After fitting the models, we checked whether the assumptions of normally distributed and homogeneous
residuals were fulfilled by visual inspection of a QQ-plot”! of residuals and residuals plotted against fitted
values’2. The plots indicated no deviations from these assumptions. We determined Variance Inflation Factors
using the function vif of the ‘car’ package” (version 3.1.2). Collinearity, determined for a model lacking the
interaction, did not appear to be an issue (maximum Variance Inflation Factor: 1.04)’2. Model stability was
assessed by dropping the individuals one at a time from the data and comparing the estimates derived for models
fitted to these subsets with those obtained for the full data set using a function provided by Roger Mundry.
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Category | Behaviour Definition
Eat or drink Focal pig has her head in the trough or in the drinker
Eliminates® Focal pig excretes faeces or urine
Explores Focal pig’s snout touches pen fitting
Immobile Focal pig is either sitting or standing for more than 2 s and less than 30 s, and shows no specific movement

Inactive (Sara Hintze,
unpublished)

Focal pig is either standing, sitting or lying, show no specific movement for more than 30 s. Focal pig remains inactive if it engages in
exploration maximum twice or for less than 5 s, takes less than five steps away, stretches or changes posture

Lying down

Focal pig’s thorax touches the ground

Locomotor play

Focal pig produces erratic movements with no clear purpose, sudden reversal of behaviours. Includes run, spring, pivot. Performed alone

Activity

Object play

Focal pig nudges, chews, pulls or shakes enrichment (ball or rope)

Social play®”

Focal pig is performing playful behaviour with, or towards, another pig. Includes scampering, running, pivoting, head tossing, ﬂopping
or hopping

Agonistic behaviour

Focal pig forcefully fights with another pig. Includes bites, head knocks and chasing. Usually not performed within a play bout

Nose to nose

Focal pig is actively touching another pig’s snout with its snout (initiating the interaction)

Nose to body®’ Focal pig is actively touching another pig’s body part with its snout (initiating the interaction)
Receives Focal pig receives interaction from another pig: agonistic, nose-to-nose or playful
Not visible Focal pig is not clearly visible (i.e. typically snout is hidden) or its behaviour cannot be determined

Table 3. Ethogram used for the behavioural observations post-test interaction during 30 min in the home pen.
Behaviours were coded as state events unless stated otherwise. Interruption of more than 2 s was considered a
new bout. Definitions adapted from other studies are cited. *Scored as point event due to short duration.

Models for the post-interaction variables and for the normally distributed test variables showed good stability.
However, there were model convergence warnings for the models of all non-normally distributed test variables,
and these results should be interpreted with caution. We used a parametric bootstrap (function ‘bootMer’ of the
‘lme4’ package® (version 1.1.35.1); N =1000 bootstraps) to obtain confidence intervals of model estimates and
fitted values. We used the ‘emmeans’ package’* (version 1.8.9) to obtain the estimated means, standard errors
and confidence limits of each level of the factors, as well as conduct multiple pairwise comparisons with Tukey
adjustment.

As an overall test of the effects of test type, day, and their interaction, we conducted a full-null model
comparison’>, aiming at avoiding cryptic multiple testing, whereby the null model lacked the test type and day
effects but kept the random effect of individual. This comparison was based on a likelihood ratio test”®. We tested
the effect of individual fixed effects by means of the Satterthwaite approximation’” using the function ‘lmer’
of the ‘ImerTest’ package’® (version 3.1.3) and a model fitted with restricted maximum likelihood. Due to the
exploratory nature of this study, adjustments were not made for multiple testing and P values are suggestive of
associations considering increased Type I error. The sample for each model encompassed 56 behavioural values,
taken from 28 individuals out of two batches on 2 days. Two individuals (both from batch 2) were excluded from
the analysis of test behaviours because their test sessions were terminated before 300s due to distress reactions.
One individual (batch 2) was excluded from the analysis of latency to first contact by pig as it was the only pig
who did not make any active contact with the human during both tests. An effect was considered significant if
the P value was below 0.05, and a statistical trend if greater than 0.05 and less than or equal to 0.1. All results are
presented as estimated mean + standard error.

Test behaviours

All activity behaviours coded as state events were modelled using LMMs based on the Gaussian distribution
unless stated otherwise. The behaviours ‘moving towards and ‘moving away’ were analysed for their total
number instead of duration as the number reflects the decision of the animal to approach or avoid the human.
The number of ‘moving towards was modelled using a GLMM based on the Poisson distribution with a log
link function. The number of ‘moving away, ‘transitions, and ‘low-pitched vocalisations” were modelled using
a GLMM based on the negative binomial distribution with a log link function due to overdispersion. Due to
the data being uncensored (i.e. all pigs approached and made contact with the human within the sessions),
latencies were modelled with a GLMM based on the Gamma distribution with a log link function. The data for
‘escape behaviour, ‘body contact, ‘high-pitched vocalisations, ‘hanging tail, and ‘wagging’ were dichotomised
(occurrence: 1 =yes, 0=no) and analysed using a GLMM based on the binomial distribution with a logit link
function due to approximately half or more of the sessions with zero occurrences. The duration of ‘curled tail’ was
modelled based on the Gamma distribution with a log link function due to data being left-skewed. For ‘escape
behaviour, number of ‘moving away, latency to first ‘contact by pig) latency to first ‘moving towards, ‘high-
pitched vocalisations, ‘hanging tail, duration of ‘curled tail, and ‘wagging, a reduced model lacking random
slopes and/or the ‘contact by human’ covariate was used due to model convergence issues with the full model.
For some models, the ‘contact by human’ covariate was also z-transformed to aid model convergence. ‘Escape
attempt, ‘inactive] ‘lying down;, and ‘tucked tail’ were excluded from the analyses as they were rare behaviours,
occurring in less than five pigs. Following’ and ‘moving towards’ were merged as they both described the pig
moving in the direction of the human.
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Post-test behaviours

All post-test activity behaviours coded as state events were modelled using LMMs based on the Gaussian
distribution. Latencies to the first occurrence were calculated for targeted behaviours (inactive, lying down, social
play, locomotor play and nose to nose) for each pig. When the behaviour did not occur during the observation
time, latency was set to 1800s and censored. Data were then analysed with the non-parametric Kaplan-Meier
survival analysis (Survfit), and the Cox regression analysis, using the packages ‘survival”® (version 3.4.0) and
‘survminer’®® (version 0.4.9). The Kaplan-Meier survival curves and risk tables were produced only for the effect
of test type, while the Cox regression analysis covered the effects of test type, day, and batch.

Data availability
Test data are provided in Supplementary Tables S3-S6, and post-test data are provided in Supplementary Tables
§7-89.
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