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frequency spectrum (estimates of -VocPC3[95% CI]:  -0.29[-0.43;-0.14] vs. -0.07[-0.22;0.08], table

S3), than grunts produced by non handled piglets.

Positive handling and conditioning affect vocal reactivity to human proximity.

Figure 3: Acoustic structure of grunt during the reunions with a silent and static human (Isolation/Reunion test). Effect
of conditioning (before or after), treatment (H or H+) and location of the piglet relatively to the human (close: dark blue
or  away  from  them:  light  blue).  Violin  plots  representing  the  median  and  the  density  of  data  distribution  in  the
considered  groups.  (A,  B)  Results  of  post  hoc  tests  following  significant  three  way  interaction  between  treatment,
conditioning time and location on grunt duration (A) and on the first vocal score -VocPC1 (B). (C,D) Results of post hoc
tests following significant two way interactions between conditioning time and location (C) and between treatment and
location (D) on the second vocal score VocPC2. Values with no common letters differ significantly. When no letters are
present, no significant difference between groups was found. Stars (*) between two groups represent a statistical trend
(p< 0.10). Full statistical report is available as supplementary material (tables S1 S2 for statistical test and S3 for model
estimates).
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During the 5 min reunion, the piglet was scored either as close to the human or away from them.

The three way interaction of the conditioning time, the treatment and the location was significant for

grunt duration,  -VocPC1 and VocPC3 (𝜒21   > 4.9, p < 0.03). Post hoc tests revealed that grunts

produced closer to the human were shorter than the ones produced further away, but only in piglets

that were not positively handled at weaning, effect being stronger before the conditioning than after

it (H piglets: away – close,  z.ratio = 6.3, p < 0.001 before and z.ratio = 4.1 p < 0.001 after the

conditioning; H+ piglets: away – close z.ratio < 1.98 p > 0.19, figure 3A). -VocPC1 was higher, i.e.

grunts had a higher frequency range, bandwidth and were noisier when produced closer to the human

than further away, but only in non handled piglets and before the conditioning (H piglets: away –

close, z.ratio = -3.34, p = 0.005 before and z.ratio = -1.23 p = 0.61 after the conditioning; H+ piglets:

away – close, z.ratio < 0.36 p > 0.21, figure 3B). For VocPC2, the three way interaction did not

reach significance (𝜒21  = 3.3, p = 0.07),  so only subsequent two way interactions were considered

(post hoc tests on the three way interaction can be found in supplementary, tables S1 to S3). For

VocPC2, significant two way interactions were found between the conditioning time and the location

(𝜒21  = 10.3, p = 0.001) on the one hand, and between the location and the treatment (𝜒21 = 4.2, p =

0.04) on the other hand. Post hoc tests revealed that grunts produced closer to the human had a

higher VocPC2, meaning they had a higher pitch, effect being stronger before the conditioning than

after (before: away – close, z.ratio = -6.12, p < 0.001; after: away – close, z.ratio = -2.88, p = 0.004,

figure 3C).  The increase in  VocPC2 with the location  was greater  for  non handled piglets  than

positively handled piglets (H piglets: away – close, z.ratio = -5.54, p < 0.001; H+ piglets: away –

close, z.ratio = -3.82, p = 0.001, figure 3D). The last two-way interaction of interest between the

conditioning  time  and the  treatment  did  not  reach  significant  level  (𝜒21  = 0.80,  p  =  0.37).  For

VocPC3, post hoc tests did not reach significant levels (|z.ratio| <  2.3 p > 0.09 for any comparison) .

17

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

387

388

389

390

391

392

393

.CC-BY-NC 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 22, 2023. ; https://doi.org/10.1101/2022.03.15.484457doi: bioRxiv preprint 

https://doi.org/10.1101/2022.03.15.484457
http://creativecommons.org/licenses/by-nc/4.0/


Manuscript - Preprint v5 - Grunt structure and human-pig relationship

Emergence of positive perception of human (effect of additional 

positive contacts sessions   over   the conditioning)  

The conditioning increases behavioural proximity to the human in all piglets.

Figure 4: Behavioural variation of  responses of piglets according to the sessions of additional positive contacts of the
conditioning (A), and to the treatments (B, C). (A,B) Mean ± SE per group. Numbers in (A) refers to the trial number of
the conditioning. Higher CondPC1 and lower CondPC2 over time (single effect of trial number, A). Higher CondPC2  in
H piglets than H+ piglets regardless of time (single effect of treatment, A). Higher CondPC3 and lower CondPC2 in H+
piglets than H piglets (single effect of treatment, B). (C) Mean estimates  ± 95% confidence interval from generalized
mixed effect model. Lower probability of occurrence of missed contact by the human in H+ than H piglets (single effect
of treatment). Full statistical report is available as supplementary material (tables S1 et S2 for statistical tests, table S3
for model estimates).

No evidence  of  any effect  of  the interaction  between the treatment  [positively  handled  piglets

before the conditioning (H+) or not (H)] and the trial number was found for all behavioural scores

(CondPC1, CondPC2 and CondPC3, table 3). Independently from the treatment, the higher the trial

number the higher CondPC1 (𝜒21 = 59.3, p < 0.001, slope estimate [95% confidence interval]: 0.20

[0.15 : 0.25]) and the lower CondPC2 was (𝜒21  = 48.6, p < 0.001, slope estimate: -0.17 [-0.22 : -

0.12]). According to the loadings, over the conditioning, piglets decreased the latency to contact the

human, made more contacts, spent more time in the proximal area and in contact with the human

(condPC1), decreased the number of looks to the human, spent less watching the human and more

time investigating the room (CondPC2) (figure 4A). Independently from the trial number, positively

handled piglets had a lower CondPC2 and a higher CondPC3 than the non handled ones (𝜒21 = 12.8,

p < 0.001 and 𝜒21 = 7.0, p = 0.008 respectively), meaning that piglets that were positively handled at

weaning expressed a fewer number of looks to the human, spent less time watching them and more

time investigating the room (CondPC2) and crossed more virtual zone during the test (CondPC3)

(figure 4B). The probability of having at least one missed contact by the human during a session was
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lower for positively handled piglets than non handled ones (𝜒21 = 9.57, p = 0.002, figure 4C), with no

interaction with the trial number (𝜒21 = 0.22, p = 0.064).

Additional positive contacts trigger shorter and higher pitch grunts in all piglets.

Figure 5: Vocal scores over the conditioning, during the 2min sessions of additional positive contacts. (A, B) Violin plots
representing the median and  the density of data distribution in the group. Interacting effect of location (in proximal area
of the human ‘(close’: dark blue) or elsewhere in the room (‘away’ from the human: light blue) and treatment (H vs. H+
piglets) on grunt duration (A) and VocPC2 (B). (C) Mean ± SE per group, interacting effect of trial number and location
of piglets on VocPC2. Values with no common letters differ significantly (difference between groups: A, B or slopes: C).
Full statistical report is available as supplementary material (tables S1-S3).

During the sessions of additional positive contacts of the conditioning, the three-way interaction

between the trial number, the treatment and the location was not significant for any of the vocal

scores (𝜒21  < 0.18, p > 0.67), allowing the analysis of the two way interactions of interest.  The

interaction between treatment and the trial number was not significant for all vocal scores (𝜒21 < 2.5

p  >  0.11).  Grunt  duration  decreased  over  time  and  independently  from  the  treatment  (trial

number:replicate interaction, 𝜒21 <5.3 p = 0.02, slope estimate -0.03[-0.04;-0.01] for the lower slope,

table S1 and S3). However, independently from the trial number, grunt duration was lower when

piglets were located close to the human and this effect was stronger in non handled piglets than

positively handled piglets (treatment:location interaction:  𝜒21  = 15.8 p < 0.001, away vs.. close, H

piglets:  z.ratio = 10.2 p < 0.001, H+ piglets:  z.ratio = 6.86 p < 0.001, figure 5A). -VocPC1 and

VocPC2 decreased over time but remained higher when piglets were located close to the human (trial

number: location interaction, 𝜒21 = 3.97 p = 0.05 and 𝜒21 = 6.1 p = 0.01 respectively for -VocPC1 and

VocPC2). According to the loadings, this means that the frequency range, bandwidth and noisiness

of grunts (-VocPC1) as well as the pitch (VocPC2) decreased over the conditioning when piglets

were located away from the human but remained high when piglets were close (slope comparison
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away – close, -VocPC1 : z.ratio = -1.80 p = 0.07, VocPC2 : z.ratio = -2.34 p = 0.02, figure 5C).

Additionally,  VocPC2 was higher when piglets  were close to  the human in non handled piglets

(treatment:location interaction,  𝜒21  = 7.6 p = 0.005, pairwise comparisons away vs.  close,  in  H:

z.ratio  = -4.9 p z  0.001 and in  H+:  z.ratio  = -2.0 p = 0.21),  meaning that  non handled  piglets

produced higher pitched grunts when closer to the human (figure 5B).

Impact     of human identity on piglets behaviour and grunt structure  

Figure 6: Effect of human identity on spatial behaviour and proximity during the reunion of the Isolation/Reunion test.
Violin plots representing the median and  the density of data distribution  in the group. Values with no common letters
differ significantly.  Full statistical report is available as supplementary material (tables S1 and S2 for statistical tests,
table S3 for model estimates).

Since half of the piglets had been assigned to one human experimenter and the other half to another

one, the identity of the human was included in the model. This allowed to test interactions between

the identity of the human and the treatment of positive handling at weaning on the one hand and the

conditioning time on the other hand.

During the reunions of the Isolation/Reunion test, the interaction between treatment and human

identity was significant for the first behavioural proximity score (ReuPC1, 𝜒21 = 6.01, p = 0.01) but

not the others (ReuPC2 and ReuPC3 (𝜒21  < 1.98, p > 0.16, table S1). The effect of treatment on

ReuPC1 was higher when piglets were handled by the human ‘AH’  (H vs. H+, AH: t.ratio = -4.77, p

< 0.001, figure 6). When the human ‘AV’ handled the piglets, for which ReuPC1 scores exhibited

intermediate values, treatment was not significant (AV,  H vs. H+: t.ratio = -1.33, p = 0.56). These
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interacting  effects  of  the  human  identity  and  treatment  on  behaviour  were  not  found  when

considering the reunions of the conditioning (𝜒21 < 1.32, p > 0.25 for all CondPCs, table S1).

Interactions  between  the  human  identity  and  conditioning  time  were  not  significant,  neither

considering the reunions of the Isolation/Reunion test (ReuPCs,  𝜒21  < 0.642, p > 0.42, tables S1),

neither  the  trial  number  during  the  session  of  additional  positive  contacts  of  the  conditioning

(CondPCs, 𝜒21 < 0.11 p > 0.74, table S1).

Table 5: Significant effects of human identity on vocal response score (VocCP1 and VocPC2) during the reunion of the
Isolation/Reunion test and during the sessions of additional positive contacts of the conditioning. Only significant effect
are presented here but a full statistical report is available as supplementary material (tables S1 and S2 for statistical
tests, table S3 for model estimates). When single effects were interpretable, the Chi-squared statistic are reported. When
significant interactions were significant, post hoc pairwise comparisons were performed with Tukey corrected and are
thus reported. The estimates correspond either to the group estimate and comparisons of groups (categorical fixed effect)
or slope estimates and comparison of slopes (continuous fixed effect, ‘Trial number’).

Vocal 
response 
score

Fixed 
effect Levels Estimate Lower.95%CI Upper.95%CI Statistic P-value

Reunion of the Isolation/Reunion test

VocPC2 humanID
AH 0.154 -0.119 0.427 𝜒2

1=
4.94

P = 0.03
AV -0.292 -0.571 -0.012

Sessions of additional positive contacts of the conditioning

-VocPC1 humanID
AH 0.091 0.037 0.144 𝜒2

1 =
4.69

P = 0.03
AV 0.076 0.021 0.132

VocPC2
humanID*I
nProxArea

AH – away 0.317 0.110 0.524
Z-ratio =

-1.23
P = 0.60

AH – close 0.402 0.161 0.643

AV – away 0.027 -0.182 0.236
Z-ratio =

-5.77
P < 0.001

AV – close 0.462 0.212 0.712

VocPC3 humanID *
Trial 
number

AH – Trial 
number -0.048 -0.070 -0.026

Z-ratio =
-2.82 P = 0.005

AV – Trial 
number -0.007 -0.031 0.016

Considering  the  vocal  scores,  no  effect  of  human  identity  was  found  on  VocPC1 during  the

Isolation/Reunion tests but -VocPC1 was higher when the human ‘AH’ was in the room during the

reunion periods of the conditioning (table 5), meaning the frequency range and the bandwidth of the

grunt were higher when the human ‘AH’ interacted with the piglet compared to the human ‘AV’.

VocPC2 was higher when the human ‘AH’ was in the room during the Isolation/Reunion tests (table

5), meaning that the pitch of grunts was higher and this effect was also found during the sessions of
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additional positive contacts of the conditioning in interaction with the location of the piglet (𝜒21  =

11.9, p = 0.001): VocPC2 increased when piglets were located close to the human but this increase

was significant  only for the human ‘AV’ and not for ‘AH’ (table  5).  VocPC3 was not different

between  humans  during  the  reunions  of  the  Isolation/Reunion  tests  but,  over  the  conditioning,

VocPC3 changed differently when piglets were handled by the human ‘AH’ or ‘AV’, as showed by

the  significant  interaction  between  trial  number  and human identity  (𝜒21  = 8.0,  p  =  0.005):  the

skewness and kurtosis of grunts decreased over the conditioning when ‘AH’ was interacting with the

piglets, but not ‘AV’ (see slope estimates, table 5). No evidence of any effect of human identity was

found  on  grunt  duration  neither  during  the  Isolation/Reunion  tests  nor  during  the  sessions  of

additional positive contacts of the conditioning (table S1).

Discussion

In this study, familiarity to a human and human-animal interactions were experimentally modified

in weaned piglets to study the establishment of a positive HAR and test whether grunt structure could

reflect a positive HAR. A positive conditioning paradigm, using additional positive contacts from a

human as a reward, allowed to compare the behavioural changes over time in piglets  previously

positively  handled  at  weaning  or  not.  Two  types  of  sessions  were  studied:  a  standard

isolation/reunion tests with the human, carried out before and after conditioning, during which the

human remained silent and did not interact with the piglet, and sessions of the conditioning, during

which the human interacted with the piglets, providing additional positive contacts, as long as the

piglets stayed close to the seated human. Behavioural data were collected to describe the positive

HAR.  Grunts  produced  during  the  tests  and  sessions  were  collected  and  their  spectro-temporal

structure  confronted to  the behavioural  data,  with the  hypothesis  that  vocalisation  structure may

reflect the quality of HAR, though vocal markers of positive emotions. Firstly, the discussion will

focus on the behavioural validation of the establishment of a positive HAR. Secondly, behavioural

and vocal expression will be confronted to discuss grunt spectro-temporal structure as indicator of

the quality of HAR. Last, we will discuss perspectives regarding the effect of human identity on the

establishment of a positive HAR.

Behavioural evidence of a rapid establishment of interest and 

proximity toward a human providing additional positive contacts

The standard reunion test with the human before the conditioning showed first that the treatment of

positive handling at weaning succeeded in creating two different levels of human-piglet relationship
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(H and H+), as positively handled piglets expressed a higher attraction toward the human than non

handled  piglets  (ReuPC1),  parameters  considered  as  indicators  of  a  positive  HAR (Rault  et  al.,

2020). Second, this test showed that the conditioning increased the behavioural proximity toward the

human of both positively handled and non handled piglets so that non handled piglets expressed a

similar attraction toward the human as positively handled piglets. These results are in line with the

behavioural results of the sessions of additional positive contacts. The analysis of piglets’ behaviour

every second sessions of the conditioning showed that, although positively handled and non handled

piglets started with different degree of proximity toward the human (trials 2 and 4, CondPC1), then,

over time and for both treatments (H and H+), piglets expressed a higher attraction toward the human

(CondPC1) and avoided less the human when the latter attempted to interact with them. So it seems

that  the  conditioning  process  allowed  non  handled  piglets  to  compensate  the  lack  of  positive

handling before the conditioning and develop a similar proximity toward the human. Two minute

daily sessions of additional positive contacts changed positively the perception of the human for the

piglets,  and  thus  their  willingness  to  interact  with  them.  Since  no  evidence  of  any  interaction

between  time and treatment  was  found,  no  conclusion  on differential  developmental  trajectories

between treatments can be drawn, but a parallel development of the human-piglet relationship in

both groups, when considering the proximity.

Beside  behavioural  proximity,  piglets  that  were  positively  handled  at  weaning expressed more

exploratory behaviours than non handled piglets  after  the conditioning (ReuPC3).  This  was also

observed during the sessions of additional positive contacts of the conditioning: positive handled

piglets started with a higher score associated with investigation than non handled piglets (CondPC2)

and it held over the conditioning. Piglets that were positively handled at weaning also expressed a

higher mobility than non handled piglets (CondPC3). These observations may be interpreted as an

expression of natural foraging and disinterest from human contact, which may be a sign of positive

welfare (Weerd & Day, 2009). In addition, this could also be interpreted in terms of attachment to

the  human.  Indeed,  attachment  to  a  human may facilitate  exploration  of  novel  environments  or

objects, as shown in dogs (Palmer & Custance, 2008). A period of positive handling at weaning may

provide an environment secure enough for the piglets to explore their environment in the presence of

the human. Attachment has also been hypothesised in the lambs-human relationship (Tallet et al.,

2009).

Overall, the behavioural monitoring showed that 2 min sessions of positive additional contacts per

day are sufficient to increase proximity to a human to similar levels as when piglets were previously
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familiarised for 2 weeks, even when piglets experienced social isolation. But it did not allow the non

handled  piglets  to  express  natural  exploratory  behaviours  as  the  positively  handled  piglets.  We

hypothesize  a  sequential  establishment  of  a  positive  HAR over  time:  firstly  with  a  decrease  of

attentive state and an increase in proximity and accepted contacts, and secondly with a disinterest of

human contacts and the expression of natural foraging behaviour. The latter may require a higher

exposure time.

In the next paragraph we discuss to what extent changes in grunt spectro-temporal structure may

reflect behavioural changes linked to the positive HAR over time.

Links between vocal expression and positive HAR

A positive HAR is reflected by shorter grunts in presence and absence of a human

The social isolation phase of the Isolation /Reunion test, before any human entered the room, was

associated with longer, lower pitched grunts with a downshifted frequency spectrum, whereas the

reunion with a static human changed grunts structure to shorter, higher pitched with an upshifted

frequency spectrum and this was observed in both handled and non handled piglets (H or H+) as well

as before and after the conditioning. In terms of emotional indicators, similar changes in acoustic

features of grunts were found in studies focusing on vocal markers of valence in pigs (Briefer et al.,

2019, 2022; Friel et al., 2019; Villain, Hazard, et al., 2020), meaning that the reunion with a human,

after a period of social isolation would be perceived as positive. However, this modulation of grunt

structure was observed regardless of piglet experience with the human. It is possible that the reunion

with an either neutral or familiar human, releasing piglets from total isolation could be perceived as

positive by the piglets, as suggested in previous studies (Villain, Lanthony, et al., 2020).

In addition, and surprisingly, positively handled piglets produced shorter grunts than non handled

piglets regardless of human presence. This was previously shown in another context (anticipation of

(pseudo)social events independently from the type of partner) in the same groups of piglets (Villain,

Hazard, et al., 2020). This may show that the period of positive handling at weaning modulated vocal

expression in the long term, as this result was found both before and after the conditioning. On the

one hand, a positive HAR establishes through successive positive experiences (Rault et al. 2020)

and, on the other hand, HAR may have long term effects on behavioural expressions, as suggested by

Brajon et al. (2015) using cognitive bias tests. We can thus hypothesize this may also be reflected in

the way piglets vocalise, in general. In that case, we may have evidence of expression of another
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category  of  affect,  moods,  and  not  only  emotional  expression.  Indeed,  as  suggested  by  Schnall

(2010), although emotions are short-term affects triggered by an external stimulus, moods, on the

other hand, may be experienced on a longer term and may not be attributable to a specific stimulus.

Although emotions  and moods do not  rely  on the same time scale,  they may interact  with one

another, and more studies are needed to understand their effects on vocal expression.

A positive HAR affects vocal reactivity toward a static human

In a previous study, we showed that pigs vocalizing close to a human that previously had provided

repetitive additional positive contacts produced shorter and higher pitch grunts, compared to when

vocalizing away from the human (Villain, Lanthony, et al., 2020). Using the same type of test with

positively handled at weaning and non handled piglets, before or after conditioning sessions with

positive interactions, we can test the effect of positive handling on this modulation of grunt structure.

Similarly to the previous study, during the standard reunion test (no contact from the human), piglets

produced shorter and higher pitched grunts with an upshifted frequency spectrum when close to the

human. It has to be noted that this effect was 1) stronger in previously non handled piglets than

positively handled at weaning piglets and 2) stronger before the conditioning than after. In other

words,  the more familiar  with the  human associated  with positive handling,  the less reactive  to

human proximity.

These results may be interpreted according to the behavioural results we described earlier (fig. 2).

We described that  the  proximity  to  the human was first  increasing  at  the beginning of  positive

handling experiences (see H piglets, before vs. after conditioning) before reaching a maximum (see

H vs. H+ piglets  after  conditioning)  and that the most familiar  piglets  showed more exploratory

behaviours  (H+ after  conditioning).  The acoustic  results  during  the  standard  reunion mirror  the

behavioural  results  from  the  same  test.  The  least  familiar  piglets  would  vocally  express  the

exploration of a neutral and static human and, as the familiarity with the human increases, the human

may become part of their environment, explaining the lack of vocal reactivity when close to the static

human.

In addition, we may also be facing ceiling effects in terms of vocal flexibility, which could also

partly explain these results. We showed that positively handled piglets generally produce shorter

grunts than non handled piglets, and that the shape of the frequency spectrum of these grunts was

different. So the structure of their calls, in general is different. According to the source-filter theory

of vocal production, vocal flexibility is constrained by the dimensions and functioning of the vocal
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apparatus (lung capacity, characteristics of the vocal folds, length and shape of the vocal tract, see

(Taylor & Reby, 2010) and (Titze & Martin, 1998)). It is possible that the positive HAR developed

by the positively handled piglets  may have change their  grunts structure to  an extent  that  vocal

flexibility is no longer quantifiable in the experimental design of this study.

Providing rewarding additional positive contacts triggers short and high pitched 

grunts

Contrary to  the standard reunions  with a  static  human,  the human actively  interacted  with the

piglets during the sessions of the conditioning, providing contacts and producing speech as long as

the piglets remained close to the human. During these sessions and contrary to the standard reunions,

grunts produced close to the human were shorter and higher pitched, regardless of the trial number of

the conditioning and treatment.  Although these effects were stronger in non handled piglets than

positively handled piglets, they remained over time. We describe here two types of vocal reaction to

human  proximity,  depending  on  the  human  behaviour.  On  the  one  hand,  time  decreased  vocal

reactivity to human proximity during a standard reunion with a static human. On the other hand, no

evidence  of  a  decrease  in  vocal  reactivity  to  human  proximity  was  found  during  sessions  of

additional  positive  contacts.  This would mean that  positive  interactions  with piglets  consistently

triggers the production of shorter and higher pitch grunts. These changes may be explained by the

expression  of  a  higher  arousal  state  experienced  by the  piglets  while  being  positively  handled.

Indeed, in the context of these sessions, the piglet could choose to approach and stay close to the

human, which will provide positive contacts systematically. So the piglet may anticipate to receive

positive contact and systematically being rewarded. When close to the human, observed changes in

frequency distribution of grunts (increased pitch and upshifted frequency spectrum) are known to be

markers of arousal (in the negative state in multiple mamalian species (Briefer, 2012, 2020) and pigs

(Linhart et al., 2015)). In addition, these spectral changes were also associated with shorter grunts.

Although the duration of grunts is associated with the valence of a situation, the duration may also be

an indicator of positive arousal. This hypothesis has to be taken precociously since no additional

control of arousal could be done in the present study.

This working hypothesis may explain the decrease in vocal reactivity to human proximity observed

during the standard reunion test as the HAR becomes more positive. Indeed, before the sessions of

the conditioning, positively handled piglets were habituated to a human interacting positively when

present whereas non handled piglets were not, hence, during the first standard reunion test, when the

human is present but do not interact with the piglet, positively handled and non handled piglets may
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have diverging expectations  regarding the presence of the static  and silent  human. As positively

handled piglets received positive contacts every time they were in the presence of the human, they

may have expected positive contacts when approaching and experienced an absence of reward during

the test. This has already been hypothesised in piglets deprived from human voice during interactions

after a period of habituation to it (Bensoussan et al. 2020). On the contrary, piglets that were not

positively handled at weaning never experienced additional positive contacts and being close to a

human, having the possibility to investigate them may be some kind of reward after the period of

total  isolation.  After  the  conditioning,  piglets  from both  treatments  were  conditioned  to  receive

additional positive contacts and both groups had experienced a first standard reunion test, so they

may both experience an absence of reward during the test, which may explain a lower reaction to

human proximity, and thus fewer changes on grunt spectro-temporal features.

Last, we can raise the question whether changes in grunt structure in reaction to rewarding positive

contacts  may  also  be  associated  with  a  specific  human-pig  communication.  In  other  domestic

species, owner directed vocalisations has been shown (in cats, reviewed in (Turner, 2017); in dogs

(Gaunet  et  al.,  2022)).  In  addition,  studies  have  found  similar  socio-communicative  behaviours

toward a human in socialized pigs and dogs  (Gerencsér et al., 2019). Hence, we may profit from

testing  the  existence  of  human  directed  vocalisations  in  pigs,  as  consequences  of  their  socio

communicative abilities.

Effect of human identity on piglets’ perception: perspectives on 

HAR

We found that the identity of the human had effects on behavioural and vocal response scores.

Piglets that were handled by the human ‘AH’ had higher values of behavioural proximity (ReuPC1)

than piglets handled by the human ‘AV’ during reunion test after a period of isolation. This effect

was  not  found  during  conditioning  sessions.  The  effect  of  the  human  did  not  interact  with  the

conditioning time, leading to the conclusion that the difference between the two experimenters may

have  established  during  the  period  of  positive  handling  at  weaning,  prior  to  the  conditioning.

Additionally, when the human ‘AH’ was in the room, piglets produced grunts with a more upshifted

frequency spectrum and a higher pitch than when the human ‘AV’ was in the room. If upshifted

grunts may be a indicator of positive higher arousal, then we may conclude that ‘AH’ was more

likely to trigger higher positive states than ‘AV’. Interestingly, the human identity and the spatial

proximity had different effects on piglets grunts during sessions of additional positive contacts but

not when the human was static during the standard reunion test. Hence, it is possible that the way one

27

616

617

618

619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

.CC-BY-NC 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted March 22, 2023. ; https://doi.org/10.1101/2022.03.15.484457doi: bioRxiv preprint 

https://doi.org/10.1101/2022.03.15.484457
http://creativecommons.org/licenses/by-nc/4.0/


Manuscript - Preprint v5 - Grunt structure and human-pig relationship

human interacts (behavioural and vocally) with a piglet may be more or less effective at triggering

positive emotions and thus modifications of grunt structure. Several evidence exists in the literature

that  pigs  discriminate  humans  visual  and auditory  cues  (Bensoussan et  al.,  2019;  Brajon  et  al.,

2015c). Pigs may also show behavioural changes hearing human voice (Bensoussan et al., 2020). We

may question the efficiency of different human features to generate a positive HAR. In our study,

both humans that interacted with the piglets wear exactly the same clothes and standardized their

tactile interactions toward the piglets before starting the study, and agreed on the rhythm and types of

sounds (words, intonation) to use, to minimise generating variability although no systematic controls

of the human behaviour or spectral feature of voices were performed here. It thus remains unclear

whether experimenters interacted differently or if they were initially perceived differently by piglets.

Our results show that the identity of the human may modulate piglet proximity and vocal behaviour

but the design of this experiment does not allow to find the causes of these observations (behaviour,

voice characteristics, or even odour profile). Thus, more studies of human features that are most

likely to generate a positive HAR are needed and may be of interest regarding animal welfare. In

addition, studying human-piglet relationship in a more systematic way, as in other domestic species,

for  example  the  play  behaviour  in  dogs  (Horowitz  &  Hecht,  2016)  or  the  pet  directed  speech

(Jeannin et al., 2017; Lansade et al., 2021), may shed light on the evolution and converging strategies

of interspecific relationships. However, the influence of human identity did not modify the general

outcomes of our study, but only decreased some effects, suggesting that this variability does not

modify the main results, but should be considered in future studies.

To conclude, we showed that degrees of familiarity toward a human could be reflected in the way

piglets vocalise in their presence, and out of it. We also showed that the spatial proximity toward a

human providing additional care could change the acoustic structure of piglet grunts. These changes

are likely to be linked to positive and more intense emotional states than when piglets are further

away from the human. However, it is still unclear whether the changes in grunt structure could also

be linked to human-animal communication and more studies are needed to determine it. We did also

show that the identity of the human may be of importance, and may generate vocal changes during

additional positive contacts that were not associated with changes in behaviour of the human. More

systematic  studies  of  human  behaviour  along  with  pig  behaviour  during  the  human-animal

interactions would be needed to have a better understanding of the evolution of HAR, especially

interactive interspecific communication as well  as providing new procedures to promote positive
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welfare. We suggest that analysing vocalisations structure may be a good tool to assess the quality of

human-pig relationship and help monitor the establishment of a positive HAR.
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