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Abstract
Behavioural contagion is a curious phenomenon of human social life which is believed to facilitate
group living. It has also been demonstrated in animals that some behaviours may be contagious:
how widespread this phenomenon is remains unclear, as only a few species have been tested.
In this context, we examined whether three behaviours commonly exhibited by moulting southern
elephant seals (Mirounga leonina): “sneezing”, scratching and yawning could be contagious. Using
the randomization approach, we found this to be the case in general for all the behaviours, although
the pattern was not that obvious or present at all for all the social groups. This indicates there
is a potential for social contagion but the issue is complex. Despite limitations associated with
observational study on small-size social groups, this is the first report of contagious behaviours in
marine mammals and is to encourage further investigation.

Keywords
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1. Introduction
Contagious behaviour is a tendency to unconsciously mimic others’ postures,
mannerisms, facial expressions and behaviours. It is a curious aspects of
human social life, which has been widely described (Chartrand & Bargh,
1999; Dijksterhuis & Bargh, 2001; Lakin et al., 2003). There is evidence
that this form of imitation can have profound, positive effects on subsequent
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social life, enhancing rapport, liking for others and smoothing social interactions (Lakin & Chartrand, 2014). In turn, it can increase the likelihood that
other prosocial behaviour, such as helping others, will be displayed (Platek
et al., 2003). Contagious behaviours that facilitate group living, are therefore
likely to be evolutionarily adaptive; if this is the case, they ought also to be
observed in other group-living animals (Zentall, 2001), either because they
have a common ancestor or as a result of convergent evolution.
Indeed, there is a growing, though still small, body of evidence of various contagious behaviours in animals. Contagious yawning has been the one
most commonly studied, where seeing or hearing the yawning of the interactive partner can trigger yawning in the subject (Massen & Gallup, 2017).
Contagious yawning has been demonstrated in social mammals such as primates (chimpanzees (Pan troglodytes: e.g., Campbell et al., 2009), bonobos
(Pan paniscus: Demuru & Palagi, 2012), gelada baboons (Theropithecus
gelada: Palagi et al., 2009)), carnivores (wolves (Canis lupus: Romero et
al., 2014), domesticated dogs (Canis familiaris: e.g., Alenkær & Tomas,
2013)), and recently also in social birds like budgerigars Melopsittacus undulatus (Gallup et al., 2015). Stretching, considered to be an “associated
response” to yawning (Provine, 2015), has also been found to be contagious
in some species like budgerigars (Gallup et al., 2017). Other, more speciesspecific contagious behaviours have been reported: contagious “jump-yip”
displays in prairie dogs (Cynomys ludovicianus) (Hare et al., 2014), contagious scent-marking in common marmosets (Callithrix jacchus) (Massen
& Gallup, 2017) and contagious play in ravens (Corvus corax) (Osvath &
Sima, 2014). Nevertheless, the reports of contagious behaviours are not consistent across the species. For instance, two species of lemurs — ring-tailed
lemurs (Lemur catta) and Verreaux’s sifakas (Propithecus verreauxi) — did
not respond to yawning stimuli in an experimental study as other primates
do (Reddy et al., 2016). This could be an effect of the later evolution of this
behaviour, after the two major primate lineages split (Reddy et al., 2016).
On the other hand, other socially contagious behaviour like gaze-following
has been documented in the non-social red-footed tortoise (Geochelone
carobonaria) (Wilkinson et al., 2010), which did not display contagious
yawning (Wilkinson et al., 2011). All these inconsistencies show how far
we are from understanding the phenomenon of contagious behaviour in animals. As systematic studies of various species are scarce, any interference
about mechanisms and phylogenetic origins must be premature (Massen &
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Figure 1. Yawning and scratching individual of the southern elephant seal Mirounga leonina.

Gallup, 2017). This therefore underlines the pressing need to test different
animal species for contagious behaviours.
Here we focus on the southern elephant seal (Mirounga leonina), a wild,
colonial pinniped (Figure 1). The elephant seal is one of the most polygynous mammalian species, in which a fierce inter-male competition is a core
component of social life. During the breeding period, a single male usually
holds sway over a group of up to 100 females. During the moulting (study)
period that follows breeding, individual animals do not have stable bonds or
relationships, but they remain gregarious, even though the groups are fluid
in space and time (Campagna et al., 1993; Carlini et al., 2002). Since contagious behaviours are believed to facilitate group living in general (e.g., Platek
et al., 2003; Lakin & Chartrand, 2014) one may expect such a behavioural
system in this gregarious species. We therefore examined whether three behaviours commonly exhibited by elephant seals (“sneezing”, scratching, and
yawning) during the moulting period might be contagious. Specifically, using
field observations and a randomization approach, we tested how two consecutive events of given behaviour are likely to be related to each other by
contagion (i.e., how distribution in time of these events is differed from what
could be expected by chance).
2. Material and methods
We carried out the study in four areas on the King George Island (Southern Shetlands, Antarctica): Point Thomas (−62.162044, −58.462768; PA),

62

Contagious behaviours in elephant seals

Paradise Cove (−62.218065, −58.437342; PC), Patelnia (−62.232188,
−58.462768; PT), and Lions Rump (−62.126385, −58.159284; LR). All
the study sites are frequently occupied throughout the year by elephant seals
(Salwicka & Rakusa-Suszczewski, 2002). We video-recorded elephant seals’
behaviour between February and March 2017, which is a late phase of the
moulting period in this particular population of elephant seals. At this time,
the animals remain on land in their traditional sites for quite a long time
(Carlini et al., 2002; Salwicka & Rakusa-Suszczewski, 2002). We set up
the camera (Samsung HMX-Q20) just before the recording session, fixing
it on a tripod at a distance of 50–150 m from the focal group. We used the
zoom for longer distances so that the focal individuals would fill the whole
frame. We recorded each group for an average of 1.8 h (Table 1), starting the
recording between 09:00 and 16:00 h local time (daylight hours; Table 1).
The duration of the recordings was random — this was outcome of the fieldwork logistics. All the recordings were made in roughly similar weather
conditions (no or just sporadic rain, gentle wind, no extreme air temperatures, relatively similar atmospheric pressure) for all groups (Table 1). We
recorded a total of 18 different moulting groups; each group, consisting of
4 individuals on average (range: 2–11 individuals, Table 1), was recorded
just once. We focused on smaller groups, in which all the group members
were laying close to each other (no farther than the average body length
of an individual from the focal group). Even if there were more individuals/groups around, the focal group was spatially isolated to the extent that it
could be regarded as an independent unit at the time of the recording (impaired transmission of the acoustic signals and the unlikely transmission of
visual and tactile signals from individuals outside the groups). We selected
smaller, coherent groups for two reasons. Firstly, a behaviour exhibited by
an individual in smaller groups would probably spread quickly to the group
members — this does not have to be the case in larger groups. Secondly, the
high frequency of exhibited behaviours in bigger groups (there is a strong
positive relationship between the number of behaviours exhibited in unit of
time and group size; see Appendix A in the online edition of this journal,
that can be accessed via brill.com/beh) would hamper the analysis of time
intervals between behavioural events, create too much noise in the data and
might lead to false positive results. Nevertheless, this limitation of the small
size groups one has to keep in mind when interpreting obtained results in
the context of the species behaviour. The age and sex structure varied among

PA
PA
PC
PC
PC
PC
PC
PT
PA
PC
PC
PC
PC
PC
PC
PC
PA
LR

Group 01
Group 02
Group 03
Group 04
Group 05
Group 06
Group 07
Group 08
Group 09
Group 10
Group 11
Group 12
Group 13
Group 14
Group 15
Group 16
Group 17
Group 18

9
9
9
15
9
13
15
12
15
17
10
9
15
15
9
10
10
10

Start
hour

3
3
5
3
3
6
7
3
1
1
1
3
2
1
6
5
13
5

No. of
30-min
sessions
recorded
Mean
humidity
(%)
79.8
68.0
79.8
78.6
79.8
74.7
76.3
91.9
86.8
79.7
96.7
81.3
85.0
91.5
79.7
84.7
85.5
88.6

Mean air
temperature
(°C)
−2.6
3.8
−2.6
−0.2
−2.6
0.0
0.6
−0.8
5.6
5.2
−1.5
4.3
5.3
4.4
5.0
4.1
2.9
3.4
1000.8
1004.7
1000.8
1002.2
1000.8
1001.7
1012.9
1011.8
981.7
982.6
1011.3
985.4
987.2
993.0
1006.1
999.6
997.6
994.5

Mean
atmospheric
pressure
(hPA)
1.2
3.7
1.2
3.6
1.2
3.1
2.1
1.0
5.2
5.8
1.3
4.0
2.0
4.0
4.1
2.5
2.7
2.0

Mean
wind
speed
(m/s)
6
11
7
4
5
2
2
4
4
4
4
4
5
4
4
3
3
5

Group
size
(N ind)
2
2
1
1
1
0
0
4
0
0
1
0
0
0
0
0
0
5

Adult
males

3
9
4
2
3
2
2
0
4
4
2
4
5
4
3
3
2
0

Adult
females

1
0
2
1
1
0
0
0
0
0
1
0
0
0
1
0
1
0

Young

Site codes: PA, Point Thomas; PC, Paradise Cove; PT, Patelnia; LR, Lions Rump, see text for coordinates. Meteorological parameters
obtained from H. Arctowski Polish Polar Station.

Site

Group ID

Table 1.
Characteristics of social groups of the southern elephant seal (Mirounga leonine) observed on the King George Island (Southern Shetlands,
Antarctica).
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the groups, but we were unable to establish the sex ratio precisely owing to
difficulties in sexing young seals (Table 1). In view of that and insufficient
inter-group variation in this parameter, we did not perform any formal analysis of this aspect, showing only the characteristics of particular groups. Since
we observed an interesting inter-group variation in contagion we believe that
presenting group characteristics may encourage further research.
We processed the recorded video material using Cowlog 3.0.2 Software
(Pastell, 2016) and three-times slower playback speed. For each video session of a social group we time-marked the onset of each episode of three
behaviours, i.e., “sneezing”, scratching, and yawning, assigning each one
to particular individuals. We focused on these three behaviours primarily
because they are relatively frequent among moulting elephant seals. In addition, they all have the potential to be contagious, because of their visibility
and/or audibility, and by analogy to other species. We considered “sneezing” to be behaviour resembling human sneezing in sound and appearance,
although the behaviour appeared to be more an “intentional” cleaning of the
nostrils (Video 1 at 10.6084/m9.figshare.7358054); this is why we place this
word in quotation marks. “Sneezing” was identified using both acoustic and
visual cues; it was accompanied by a slight contraction of the whole body,
and a cloud of moisture emitted from the nostrils. As such, it was easily
identifiable, even if an animal was partly obscured by others or had its back
turned to the camera. Scratching we treated as the movement of any limb
to spontaneously scrape or rub any part of the body (no apparent external
factor provoked such behaviour, Video 2 at 10.6084/m9.figshare.7358054).
Such behaviour was always readily visible, regardless of the animals’ position; it was also frequently accompanied by slight movements of the whole
body. Yawning was characterized by a prolonged opening of the mouth, with
a simultaneous closing of the eyes and the formation of wrinkles around the
face, followed by a brief pause and then a slow closure of the mouth (Figure 1 and Video 3 at 10.6084/m9.figshare.7358054). As the head was slightly
raised and moved from side to side, this behaviour could also be identified
when an animal was not directly facing the camera.
The videos were processed by KWJ (“sneezing”) and JP (scratching
and yawning). All the behaviours were easily recognizable. Since we used
slowed-down playback, we were able to time-mark the onset of a behaviour
with great accuracy. Nevertheless, ca. 10% of the recordings were processed
independently by both observers to check for the inter-observer differences;
these turned out to be negligible (Cronbach’s α = 0.999, P < 0.001).
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2.1. Data analysis
The duration of recordings of the groups varied; there was a positive relationship between recording duration and the total number of exhibited
behaviours (see Appendix A in the online edition of this journal, that can
be accessed via brill.com/beh). Therefore, we first trimmed all the recordings to the nearest 30 min, and cut up each group recording into standard
30-min sessions. The 30 min duration was an intuitively manageable unit of
time, established based on duration of the shortest recording (40 min). Sessions during which at least four episodes of a given behaviour were recorded
were analysed further. This minimum number of episodes enabled us to calculate three time intervals between behavioural episodes. This is an absolute
minimum for calculating the proportion of time intervals of a given duration
(i.e., the proportion calculated based on smaller number of time intervals (0–
2) would considerably bias results; more on the proportion of time intervals
below). After applying this constraint, of 68 sessions we examined 65 sessions for “sneezing”, 38 for scratching and 11 for yawning (see Table 2 for
group details).
To examine whether the focal behaviours were contagious, we initially
assumed that two episodes of a given behaviour were dependent (i.e., potentially contagious) if the second episode started within a short time window
after the initiation of the first one. This is quite a reasonable assumption, with
a solid foundation in the literature: a 5-min (300 s) interval is often used as a
window for contagious transfer (e.g., Palagi et al., 2009). However, we considered such a 5-min time window much too long, given the urge to exhibit
a behaviour seems to appear in the brain shortly after detection of the behaviour in the conspecific (Arnott et al., 2009). We assumed, therefore, a 20-s
time window for the yawning and scratching, following Miller et al. (2012).
The duration of this time window is arbitrary — it has never actually been
called into question — but it seems reasonable only for “slow” behaviours,
i.e., those performed slowly (average duration of yawning: 4–7 s; Gallup
et al., 2016, see also Videos 2 and 3 at 10.6084/m9.figshare.7358054). For
“sneezing”, however, the “performance” of which is very short (see Video 1
at 10.6084/m9.figshare.7358054), even a 20-s time window seems to be too
long: if the observer’s reaction is to be considered dependent of the performer’s behaviour, it ought to be instantaneous. Therefore, we restricted the
“sneezing” time window to 5 s. Moreover, since episodes of each behaviour
occurring almost simultaneously (i.e., within a 1-s time window after the
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potential trigger) might be spontaneous, we disregarded the first 0.99 s of
these two short time windows. In other words, we assumed time windows
of 1–5 s for the “sneezing” and of 1–20 s for the scratching and yawning.
Having taken all these precautions, we believe that we minimized the risk of
committing a type-I error.
We analysed behaviours separately, each in the same manner except for
the duration of the time-interval: this was assumed characteristic of contagious transfer, and was different for “sneezing” and the other two behaviours.
In the first step, we examined the general pattern for particular behaviour
based on all social groups and video sessions pooled (i.e., we treated all video
sessions of all social groups as coming from a single group). Within each
video session we calculated the time intervals between consecutive episodes
of a particular behaviour, and considered only those performed by different
individuals: that is, we ignored consecutive episodes in the same individual,
and took only the first episode into consideration. Then, we calculated the
proportion of intervals characteristic of contagious transfer, i.e., occurring
within 1–5 s for “sneezing” and 1–20 s for yawning and scratching, separately for each video session of a given behaviour. To obtain a single value
characterizing each behaviour we calculated the mean of these proportions
with 95% confidence intervals.
An inherent trait of the proportion of a short time intervals between behavioural episodes in a finite unit of time is the increase in this proportion
with the number of episodes. The number of episodes, in turn, can be correlated with the duration of the recording, the number of individuals in a
group, time of the day (low and high activity), and/or weather conditions
(low and high activity). Our data confirm this inherent pattern with regard
to the duration of the recording and the number of individuals, but there is
no evidence that the effect of time of the day and weather conditions were
significant (see Appendix A in the online edition of this journal, that can
be accessed via brill.com/beh). Having groups of various size, recorded for
different lengths of time, we could not simply test the proportion using standard methods (i.e., proportion test, run test), as it might have led to false
positive results. Thus, to test how the observed proportion is differed from
what could be expected by chance, we used a custom-made randomization
approach that considered various numbers of behavioral episodes associated
with each video session. To this end, we first constructed time vectors with a
duration of 30 min and a 1-s accuracy (i.e., the time vector consisted of 1800
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elements: 1, 2, . . . , 1799, 1800), mimicking the duration and accuracy of real
recording sessions. For each video session of a behaviour, we randomly sampled from the time vector the same number of elements (with replacement)
as the number of real episodes performed during each tested session. Thus,
we accounted for the different number of episodes, i.e., indirectly accounting also for the different number of individuals in the groups as well. We
sorted the sampled bunch of time elements and calculated the intervals between each two consecutive elements. Then, separately for each session of
these randomly generated intervals, we calculated the proportion of intervals
characteristic of contagious transfer, and then averaged it over all the random
sessions of a given behaviour. We repeated the whole procedure 1000 times,
in this way creating the distribution of the mean proportions as if these were
the effect of a random process. Then we compared the observed mean of a
given behaviour with the relevant randomly generated values. We considered
the observed mean proportion to be significant if the 95% confidence intervals of the observed mean proportion overlapped with <5% of the randomly
generated mean proportions.
In the second step, we analysed behaviours separately for each social
group. Thus, we performed exactly the same procedure as described above.
The obvious exception was that we treated the video sessions of each social
group and each behaviour as a separated unit of the analysis. We performed
this group-level analysis to examine how consistent is the pattern across the
groups; we observed some inter-group variation in the level of contagion (see
Results and Supplementary materials), which demonstrates the complexity
of the issue. As such, we believe that the mere demonstration of inter-group
variation could provide inspiration for a future study. In the case of groups
with only a single video session, obviously we could not calculate the mean
and confidence intervals for the proportion of time intervals characteristic
for contagious transfer. Therefore we provided the proportion of that session,
and did not draw any conclusions about the significance of this proportion.
Results of this group-level analyses are summarized in the text and Table 2,
and details of that are provided in Appendix B in the online edition of this
journal, that can be accessed via brill.com/beh.
The temporarily clustered episodes of particular behaviors could be an effect of similar activity patterns of individuals that lie together for a prolonged
period of time, sleep and wake up at similar time. To account for such a possibility we compared the time distribution of episodes among the “sneezing”
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and scratching in eight groups. We focused on the two behaviours in the
eight groups owing to the sample size of episodes of both behaviours, i.e.,
groups with numbers of episodes sufficient to be tested in the randomization
procedure for both behaviours. To analyse the time distribution of the two
behaviours, we used non-parametric k-samples test based on the Anderson–
Darling measure of agreement between distributions. This test allows one to
check whether tested samples of different sizes (here, the different number of
episodes for each behaviour) could have arisen from the same distribution,
where this distribution is unspecified (Scholz & Stephens, 1987). We thus
expected to find non-significant differences in the distribution of episodes of
the two behaviours if these were related to the common pattern of an activity
state.
We performed all the analyses in R software version 3.3.3 (R Core Team,
2017), with custom-made codes for the randomization and kSamples package
(Sholts & Zhu, 2017) for the Anderson–Darling test. The proportions of time
intervals considered as characteristic of contagious transfer (both observed
and randomized) were presented as means ± SE (standard errors) in the text
and tables, and 95% confidence intervals in the figures. We rejected the null
hypothesis in the Anderson–Darling test for α = 0.05.
3. Results
“Sneezing” was a frequent behaviour, observed in the sessions with an average frequency of 19.3 episodes per hour per individual (the value calculated
as a weighted average of rates calculated for each social group; Table 2). The
overall mean proportion of time intervals characteristic of contagious transfer was 0.19 ± 0.03 and was significantly higher than what could be expected
by chance (did not overlap with distribution of mean proportions generated
in the randomization procedure; Figure 2). Considering each social group
separately, the mean observed proportion of time intervals assumed to be
associated with the contagious transfer of “sneezing” (1–5 s duration) was
usually higher than what could be expected in random process, given the
number of behavioural episodes within the examined unit of time. As such,
it was found to be significantly different from what could be expected by
chance in 11 out of 18 groups, with 4 groups being unclassified because of
insufficient sampling (Table 2, Figure B1 in Appendix B in the online edition
of this journal, that can be accessed via brill.com/beh).
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Table 2.
Results of group-separate analysis of the three behaviours.
Behaviour
and Group
ID

“Sneezing”
Group 01
Group 02
Group 03
Group 04
Group 05
Group 06
Group 07
Group 08
Group 09
Group 10
Group 11
Group 12
Group 13
Group 14
Group 15
Group 16
Group 17
Group 18
All groups
pooled
Scratching
Group 01
Group 02
Group 03
Group 04
Group 05
Group 06
Group 07
Group 08
Group 09
Group 10
Group 11
Group 12
Group 13
Group 14
Group 15

N of 30 min
Total
Mean
Mean
sessions
number of number rate of
analyzed (% episodes
of
episodes
of recorded)
(all
episodes (N /h per
sessions)
ind)

Observed
proportion

Random
proportion

14.3
28.7
22.8
13.8
8.1
6.4
17.8
5.0
10.5
8.5
8.0
17.8
7.0
28.5
33.9
24.4
28.4
9.1

0.19 ± 0.05∗
0.35 ± 0.06∗
0.24 ± 0.07∗
0.18 ± 0.06∗
0.19 ± 0.03∗
0.13 ± 0.11∗
0.10 ± 0.02∗
0.04 ± 0.09
0.14
0.18
0.00
0.28 ± 0.06∗
0.05 ± 0.09
0.23
0.23 ± 0.04∗
0.27 ± 0.08∗
0.25 ± 0.04∗
0.12 ± 0.09

0.09 ± 0.001∗
0.26 ± 0.001∗
0.15 ± 0.002∗
0.06 ± 0.002∗
0.05 ± 0.002∗
0.02 ± 0.001∗
0.04 ± 0.001∗
0.02 ± 0.002
0.05 ± 0.003
0.04 ± 0.004
0.04 ± 0.003
0.07 ± 0.002∗
0.04 ± 0.002
0.11 ± 0.003
0.13 ± 0.001∗
0.08 ± 0.001∗
0.09 ± 0.001∗
0.05 ± 0.001

3 (100)
3 (100)
4 (80)
2 (67)
3 (100)
5 (83)
4 (57)
3 (100)
1 (100)
1 (100)
1 (100)
3 (100)
2 (100)
1 (100)
6 (100)
5 (100)
13 (100)
5 (100)

129
474
319
55
61
32
71
30
21
17
16
107
35
57
407
183
553
114

65 (96)

2681

41.21

19.31

0.19 ± 0.03∗ 0.08 ± 0.0003∗

87
14
172
57
17
–
62
6
–
NA
21
NA
6
4
36

29.0
7.0
34.4
19.0
5.7
–
8.9
6.0
–

9.7
1.3
9.8
9.5
2.3
–
8.9
3.0
–
–
10.5
–
2.4
2.0
3.6

0.49 ± 0.04∗ 0.27 ± 0.005∗
0.17 ± 0.33 0.08 ± 0.004
0.53 ± 0.04 0.30 ± 0.002
0.32 ± 0.24 0.19 ± 0.003
0.21 ± 0.20 0.07 ± 0.004
–
–
0.28 ± 0.10 0.10 ± 0.002
0.17
0.07 ± 0.006
–
–
–
–
0.38
0.21 ± 0.005
–
–
0.17
0.07 ± 0.006
0.00
0.05 ± 0.007
0.04 ± 0.05 0.08 ± 0.003

3 (100)
2 (67)
5 (100)
3 (100)
3 (100)
0 (0)
7 (100)
1 (33)
0 (0)
0 (0)
1 (100)
0 (0)
1 (50)
1 (100)
5 (83)

43.0
158.0
79.8
27.5
20.3
6.4
17.8
10.0
21.0
17.0
16.0
35.7
17.5
57.0
67.8
36.6
42.5
22.8

Mean ± SE

21.0
–
6.0
4.0
7.2
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Table 2.
(Continued.)
Behaviour
and Group
ID

Group 16
Group 17
Group 18
All groups
pooled
Yawning
Group 01
Group 02
Group 03
Group 04
Group 05
Group 06
Group 07
Group 08
Group 09
Group 10
Group 11
Group 12
Group 13
Group 14
Group 15
Group 16
Group 17
Group 18
All groups
pooled

N of 30 min
Total
Mean
Mean
sessions
number of number rate of
analyzed (% episodes
of
episodes
of recorded)
(all
episodes (N /h per
sessions)
ind)
0 (0)
1 (8)
5 (100)
38 (56)

2 (67)
2 (67)
0 (0)
1 (33)
1 (33)
0 (0)
1 (14)
1 (33)
0 (0)
1 (100)
1 (100)
0 (0)
0 (0)
0 (0)
0 (0)
1 (20)
0 (0)
0 (0)
11 (16)

–

Mean ± SE
Observed
proportion

Random
proportion

4
57

–
4.0
11.4

–
2.7
4.6

–
–
<0.001
0.05 ± 0.007
0.34 ± 0.10∗ 0.12 ± 0.003∗

543

14.31

6.31

0.28 ± 0.06∗ 0.13 ± 0.0008∗

18
15
–
4
4
–
4
4
–
4
7
–
–
–
–
13
–
–

9
7.5
–
4
4
–
4
4
–
4
7
–
–
–
–
13
–
–

3.0
1.4
–
2.0
1.6
–
4.0
2.0
–
2.0
3.5
–
–
–
–
8.7
–
–

0.18 ± 0.15
0.22 ± 0.44
–
<0.001
0.25
–
0.25
0.50
–
0.25
0.57
–
–
–
–
0.38
–
–

0.10 ± 0.004
0.08 ± 0.004
–
0.05 ± 0.007
0.05 ± 0.007
–
0.06 ± 0.007
0.05 ± 0.006
–
0.06 ± 0.007
0.08 ± 0.006
–
–
–
–
0.14 ± 0.006
–
–

2.01

27 ± 0.13∗

0.07 ± 0.002∗

73

6.61

The mean observed proportion is average frequency of time intervals considered as characteristic of contagious transfer (1–5 s for “sneezing” and 1–20 s for scratching and yawning),
obtained from averaging the values from 30-min video sessions; accompanied by standard
error (SE). When only single video session was available for the group, only the value of
proportion for that session is provided. Mean random proportion is average frequency of time
intervals considered as characteristic of contagious transfer generated in a randomization procedure. SE for this mean is also provided. “–” denote lack of data due to the lack of sufficient
sampling of given behaviour. Results for pooled groups are also provided. ∗ Significant difference between the observed and randomized means. 1 Weighted mean (based on the values
for groups, and number of video sessions being their weights).
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Figure 2. Distribution of the random mean proportions of time intervals characteristic of
contagious transfer of given behaviour: 1–5 s for “sneezing”, and 1–20 s for scratching and
yawning; (density plots) and the observed mean proportions (solid vertical lines) with 95%
confidence intervals (CI) (dashed vertical lines: left, lower CI; right, upper CI). All social
groups are pooled. The three behaviours are analysed and presented separately.

The scratching rate for the sessions was 6.3 episodes per hour per individual (the value calculated as a weighted average of rates calculated for each
social group; Table 2). The overall mean proportion of the time-intervals
characteristic for contagious transfer was 0.28 ± 0.06 and was significantly
higher than what could be expected by chance, given the number of behavioural episodes within the examined unit of time (did not overlap with
distribution of mean proportions generated in the randomization procedure;
Figure 2). Considering each social group separately, only eight out of 18
groups could be classified according to the significance of the mean pro-
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portion of time intervals characteristic of contagious transfer of scratching
(1–20 s duration). This mean proportion was significantly different from
what could be expected by chance in 23% of the cases (Table 2, Figure B2
in Appendix B in the online edition of this journal, that can be accessed via
brill.com/beh).
The yawning rate for the sessions was rather infrequent, with only 2.0
episodes per hour per individual (the value calculated as a weighted average of rates calculated for each social group; Table 2). The overall mean
proportion characteristic of contagious transfer was 0.27 ± 0.13 and was significantly higher than what could be expected by chance, given the number
of behavioural episodes within the examined unit of time (<5% did overlap
with distribution of mean proportions generated in the randomization procedure; Figure 2). Most of the social groups, when considered separately,
could not be properly analysed because of insufficient number of episodes.
For the two groups, where analysis was possible, the proportion of time intervals assumed to be associated with the contagious transfer of the yawning
(1–20 s duration) was found to be insignificant, although the 95% confidence
intervals for the observed value were quite wide (Table 2; see also Figure B3
in Appendix B in the online edition of this journal, that can be accessed via
brill.com/beh).
Comparison of the time distribution of the “sneezing” and scratching
episodes in the eight groups revealed significant differences in seven social groups (for significant differences: AD statistic range: 2.53–18.78, all
p < 0.05; for insignificant difference: AD statistic = 1.73, p = 0.14), indicating that in the majority of cases the pattern of the two behaviours was not
related to general activity state.
4. Discussion
We examined whether three behaviours, commonly exhibited by moulting
elephant seals, i.e., “sneezing”, scratching and yawning, could be contagious.
Using the randomization approach, in general we found this to be the case
for all the behaviours, although when analysing the groups separately the
pattern was not that obvious, being inconsistent across the groups. This indicates there is a potential for social contagion in all the behaviours exhibited
by the elephant seal. The frequency of short time intervals between two consecutive episodes of a particular behaviour exhibited by different individuals,

K. Wojczulanis-Jakubas et al. / Behaviour 156 (2019) 59–77

73

which we assumed to be characteristic of contagious transfer (1–5 s for the
“sneezing” and 1–20 s for scratching and yawning), was much higher than
what could be expected by chance. Nevertheless, the issue seems to be complex. Yawning and scratching have been previously reported to be contagious
in other animal species (e.g., Demuru & Palagi, 2012; Massen et al., 2016;
Eguibar et al., 2017). “Sneezing”, characteristic of elephant seals, is here reported as being contagious for the first time. This is also the first report of
the contagious behaviours in a gregarious marine mammal.
The inconsistency in contagion across the across social groups indicates
on a complex nature of the behaviours. For some groups/behaviours, the
inconsistency could be at least partly explained by the fact that we were
unable to reliably examine contagion owing to insufficient sampling and/or
too small number of behavioural episodes in these groups. For example,
group No. 14, which was examined for “sneezing”, exhibited quite a high
proportion of time intervals characteristic of contagious transfer (close to
the proportion for all the groups pooled). The proportion is clearly beyond
95% of the distribution of mean proportions obtained in the randomization
procedure, but we cannot draw any conclusions about the significance of
the proportion for this group because it was not estimated accurately. Intergroups inconsistency in other cases, however, may be the result of some
confounding factors that were not controlled for in the study, such as the
perception of the episodes by individuals (e.g., group No. 8 for the “sneezing”, where the confidence intervals of the proportion cover all the values
obtained in the randomization procedure). The behaviour needs to be perceived, either acoustically, visually or by touch, to be contagious, and that
may not always be possible in natural conditions (e.g., individuals facing
different directions cannot see each other; ambient noise — wind, sea wave
action, vocalizations of other seal species — may mask acoustic signals;
different activity rhythms — sleeping individuals may not be responsive,
etc.). If that basic condition is not met, the behaviours may not spread contagiously. This is particularly true for yawning, which was the least frequent
behaviour recorded, and the nature of which is also rather subtle (neither
very intensive in terms of body movements nor audible), compared to other
behaviours. A more detailed study taking the animals’ perception into consideration would be justified.
The variation in the level of contagious transfer among the groups could
also be explained by group-specific factors. The groups varied in age and
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sex structure, possibly also in the time that given individuals spent together.
It is hard to speculate how exactly these group traits could affect contagion
transfer, but their effect is known from other studies (e.g., Massen et al.,
2012). Unfortunately, owing to the limited sample size we were unable to
examine the effect of these factors at the level of contagious transfer, but our
results clearly show there is great research potential in studying contagion in
elephant seals.
Our study is the first examining possibility of behavioural contagion in
the elephant seal, and it has limitations that should be considered in future
research. First, we examined the behaviour focusing on small groups. We
did it in purpose due to methodological constraints. However, elephant seals
are extremely gregarious animals thus group size may matter, and results
obtained from the present study should be extrapolated to the whole species
with caution. Another limitation of our study is that it was observational
and aimed solely to examine how two consecutive events of given behaviour
are likely to be related to each other by contagion. Given this, we cannot
draw any inferences about the circumstances favouring the contagion and
its functionality. We can only speculate that contagion may overall occur in
the species, and may have an adaptive advantage, although in a way that
is at present hard to specify. We cannot also exclude that the contagion is
a passive, unconscious transfer of behaviour without any special function,
and our results show only that the phenomenon is widespread in gregarious
animals. All these limitations of our study and speculations on obtained
results must encourage further investigation.
One could argued that relatively high proportion of short time intervals
between the episodes of a behaviour exhibited by different group members
is an effect of the common activity pattern of individuals that lie together
for a prolonged period of time, sleep, and wake up at similar time. Thus,
when awake, all group members exhibit various behaviours roughly at the
same time. However, comparison of the time distributions of “sneezing”
and “scratching yielded rather different patterns: in only one of the eight
groups examined did we find the two behaviours to have arisen from the same
distribution. Another objection might be the fact that the proportion of a short
time intervals between behavioural episodes in a finite unit of time inherently
increases with the number of behavioural episodes. To account for this bias,
we tested this proportion in the randomization process, where we considered
the number of behavioural episodes. This way, the high proportion of the
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short time intervals between the episodes of a given behaviour observed in
the groups and being different from that what could be expected by chance,
could be considered as an effect of contagious transfer.
Summing up: though purely observational, our study provides the first
evidence of synchronized behaviours in the elephant seals, indicating on
contagious transfer. The statistical procedures show that the observed patterns are different from what could be expected by chance and/or common
pattern of general activity. Nevertheless, an experimental study, also considering factors such as age and the sex structure of the group, is desirable in
order to further examine contagious transfer in elephant seals.
Acknowledgements
We are grateful to all members of Polish Antarctic Expedition to Arctowski Station for their logistic support and meteorological data. We are also
grateful anonymous reviewers for the comments that helped to improve the
manuscript, Peter Senn for English improvement, and Adrian Zwolicki for
inspirational discussion during data analysis. KWJ and DJ were supported
by Polish National Science Centre through grant 2015/19/B/NZ8/01981. No
one of the authors has any conflict of interest to declare. Data are available
upon reasonable request.
References
Alenkær, E. & Madsen, T. (2013). Contagious yawning in domestic dog puppies (Canis lupus
familiaris): the effect of ontogeny and emotional closeness on low-level imitation in dogs.
— Anim. Cogn. 16: 233-240.
Arnott, S.R., Singhal, A. & Goodale, M.A. (2009). An investigation of auditory contagious
yawning. — Cogn. Affect. Behav. Neurosci. 9: 335-342.
Campagna, C., Lewis, M. & Baldi, R. (1993). Breeding biology of southern elephant seals in
Patagonia. — Mar. Mamm. Sci. 9: 34-47.
Campbell, M.W., Carter, J.D., Proctor, D., Eisenberg, M.L. & de Waal, F.B.M. (2009). Computer animations stimulate contagious yawning in chimpanzees. — Proc. Roy. Soc. Lond.
B: Biol. Sci. 276: 4255-4259.
Carlini, A.R., Poljak, S., Daneri, G.A., Marquez, M.E.I. & Plotz, J. (2002). Dynamics of male
dominance of southern elephant seals (Mirounga leonina) during the breeding season at
King George Island. — Polish Pol. Res. 23: 153-159.
Chartrand, T.L. & Bargh, J. (1999). The chameleon effect: the perception-behavior link and
social interaction. — J. Pers. Soc. Psychol. 76: 893-910.

76

Contagious behaviours in elephant seals

Demuru, E. & Palagi, E. (2012). In bonobos yawn contagion is higher among kin and friends.
— PLoS ONE 7: e49613.
Dijksterhuis, A. & Bargh, J. (2001). The perception-behavior expressway: automatic effecs
of social perception on social behavior. — Adv. Exp. Soc. Psychol. 33: 1-40.
Eguibar, J.R., Uribe, C.A., Cortes, C., Bautista, A. & Gallup, A.C. (2017). Yawning reduces
facial temperature in the high-yawning subline of Sprague–Dawley rats. — BMC Neurosci. 18: 3.
Gallup, A.C., Church, A.M. & Pelegrino, A.J. (2016). Yawn duration predicts brain weight
and cortical neuron number in mammals. — Biol. Lett. 12: 20160545.
Gallup, A.C., Militello, J., Swartwood, L. & Sackett, S. (2017). Experimental evidence
of contagious stretching and ingroup bias in budgerigars (Melopsittacus undulatus). —
J. Comp. Psychol. 131: 69-72.
Gallup, A.C., Swartwood, L., Militello, J. & Sackett, S. (2015). Experimental evidence of
contagious yawning in budgerigars (Melopsittacus undulatus). — Anim. Cogn. 18: 10511058.
Hare, J.F., Campbell, K.L. & Senkiw, S.W. (2014). Catch the wave: prairie dogs assess
neighbours’ awareness using contagious displays. — Proc. Roy. Soc. Lond. B: Biol. Sci.
281: 20132153.
Lakin, J.L. & Chartrand, T.L. (2014). Using nonconcious behavioural mimicry to create
affiliation and rapport. — Psychol. Sci. 14: 334-339.
Lakin, J.L., Jefferis, V.E., Cheng, C.M. & Chartrand, T.L. (2003). The chameleon effct as
social glue: evidence for the evolutionary significance of nonconcious mimicry. — J. Nonverbal Behav. 27: 145-162.
Massen, J.J.M. & Gallup, A.C. (2017). Why contagious yawning does not (yet) equate to
empathy. — Neurosci. Biobehav. Rev. 80: 573-585.
Massen, J.J.M., Šlipogor, V. & Gallup, A.C. (2016). An observational investigation of behavioral contagion in common marmosets (Callithrix jacchus): indications for contagious. —
Front. Psychol. 7: 1-11.
Massen, J.J.M., Vermunt, D.A. & Sterck, E.H.M. (2012). Male yawning is more contagious
than female yawning among chimpanzees (Pan troglodytes). — PLoS ONE 7: 1-5.
Miller, M.L., Gallup, A.C., Vogel, A.R., Vicario, S.M. & Clark, A.M. (2012). Evidence for
contagious behaviors in budgerigars (Melopsittacus undulatus): an observational study of
yawning and stretching. — Behav. Process. 89: 264-270.
Osvath, M. & Sima, M. (2014). Sub-adult ravens synchronize their play: a case of emotional
contagion? — Anim. Behav. Cogn. 1: 197-205.
Palagi, E., Leone, A., Mancini, G. & Ferrari, P.F. (2009). Contagious yawning in gelada
baboons as a possible expression of empahty. — Proc. Natl. Acad. Sci. USA 106: 1926219267.
Pastell, M. (2016). CowLog — cross-platform application for coding behaviours from video.
— J. Open Res. Softw. 4: e15.
Platek, S.M., Critton, S.R., Myers, T.E. & Gallup, G.Jr. (2003). Contagious yawning: the role
of self-awareness and mental state attribution. — Cogn. Brain Res. 17: 223-227.
Provine, R. (2015). Yawning. — Am. Sci. 93: 532-539.

K. Wojczulanis-Jakubas et al. / Behaviour 156 (2019) 59–77

77

R Core Team (2017). R: a language and environment for statistical computing.
Reddy, R.B., Krupenye, C., MacLean, E.L. & Hare, B. (2016). No evidence for contagious
yawning in lemurs’. — Anim. Cogn. 19: 889-898.
Romero, T., Ito, M., Saito, A. & Hasegawa, T. (2014). Social modulation of contagious
yawning in wolves. — PLoS ONE 9: e105963.
Salwicka, K. & Rakusa-Suszczewski, S. (2002). Long-term monitoring of Antarctic pinnipeds in Admiralty Bay (South Shetlands, Antarctica). — Acta Theriol. 47: 443-457.
Scholz, F.W. & Stephens, M.A. (1987). K-sample Anderson–Darling tests. — J. Am. Stat.
Ass. 82: 918-924.
Sholts, F. & Zhu, A. (2017). Package ‘K samples’. — Available online at https://cran.rproject.org/web/packages/kSamples/kSamples.pdf.
Wilkinson, A., Mandl, I., Bugnyar, T. & Huber, L. (2010). Gaze following in the red-footed
tortoise (Geochelone carbonaria). — Anim. Cogn. 13: 765-769.
Wilkinson, A., Sebanz, N., Mandl, I. & Huber, L. (2011). No evidence of contagious yawning
in the red-footed tortoise Geochelone carbonaria. — Curr. Ornithol. 57: 477-484.
Zentall, A.S.R. (2001). Imitation in animals: evidence, function and mechanisms. — Cybernet. Syst. Int. J. 32: 53-96.

Appendix A
A.1. Potential biases of the proportion of time intervals considered as
characteristic for contagious behavioural transfer.
We examined whether “sneezing”, scratching and yawning are contagious in
the elephant seal. Following literature (e.g., Arnott et al., 2009; Miller et al.,
2012; Massen et al., 2016, see main text for full references), we assumed that
two episodes of given behaviour are dependent (i.e. potentially contagious)
if the second episode started within a short time window after the initiation
of the first one. We established the time window of 1–5 s for the “sneezing”
and 1–20 s for the scratching and yawning (see main text for rationale). To
examine whether the three behaviours are contagious in the elephant seal we
calculated the proportion of time intervals considered as characteristic for
contagious transfer.
An inherent trait of the proportion of a time-interval between behavioural
episodes, that is an output of contagion, is an increase with the number of
behavioural episodes (path 1 on Figure A1). The number of episodes, in
turn, may be correlated with duration of the recording (path 2, Figure A1),
number of individuals in a group (path 3, Figure A1), time of the day (low
and high activity; path 4, Figure 1), and/or weather conditions (low and high
activity; path 5, Figure A1).
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Figure A1. A schema of possible bias of the proportion of time intervals considered as characteristic for contagious behavioural transfer. Grey rectangles represent study variables, proxies
for the contagion represented in orange rectangle. White rectangles represent extrinsic factors
possibly affecting the study variables. White arrows with numbers represent relationships between the variables analysed in the present study. White arrows with dashed lines represent
potentially existing relationships not examined in the study. Direction of the arrows represent
direction of the effect. Numbers on the arrows represent consecutive analyses performed in
the study, described below and in the main text.

To account for this bias we applied custom-made randomization procedure to test how the observed proportion is different from that what could be
expected by chance given the number of behavioural episodes (see main text
for details about the procedure). Nevertheless, we examined the relationship
between the number of behavioural episodes and the proportion as well as
the relationships between the number of episodes and external factors with
hour data. For that purpose, we focused on “sneezing” as behaviour which
had been exhibited frequently enough to represent adequate sample size for
various statistical analyses presented below.
A.1.1. Proportion of time intervals considered as characteristic for
contagious transfer versus number of behavioural episodes (path 1 in
Figure A1)
To examine relationship between the proportion of time intervals characteristic for contagious transfer and the number of sneezes performed in the
social group we modelled it using linear regression, with the proportion being the response variable (arcsin-transformed due to its finite characteristic).
All assumptions of the model were met after the transformation. As predicted
the relationship between these two variables was significant (F1,16 = 13.12,
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Figure A2. Relationship between proportion of time-intervals characteristic for contagious
transfer of sneezing and observed number of its episodes. Each data point represents a separate social group considered in the linear regression analysis. Data are arc-sinus transformed
before the analysis.

P = 0.002), with each episode significantly increasing the proportion (arcsinus transformed) by 0.0004 (t = 3.62, P = 0.003; Figure A2).
A.1.2. Number of behavioural episodes versus duration of recording and
number of individuals in the group (paths 2 and 3 in Figure A1)
To examine relationship between the number of sneezing and recording duration and number of individuals we modelled it using linear regression, with
the number of sneezing as the response variable. All model’s assumptions
were met. The two explanatory variables explained 83% of variance in the
observed number of sneezing episodes (F2,15 = 41.29, P < 0.001). Each
hour of the recording increased the number of observed episodes by 101 and
was significant (t = 5.66, P < 0.001; Figure A3a). Significant was also the
number of individuals (t = 8.10, P < 0.001), with each increasing the number of observed episodes by 49 Figure A3b).
A.1.3. Number of behavioural episodes versus time of the day and
meteorological conditions (paths 4 and 5 in Figure A1)
Since the number of behavioral episodes was positively related to recording duration and number of individuals in the group, we standardized the
number of behavioral episodes before considering it as a response variable
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Figure A3. Number of sneezing episodes in relation to duration of the recording (A) and
group size (B).

in the linear regression analysis with time of the day and meteorological
conditions as explanatory variables by dividing the observed number of behavioral episodes by duration of the recording and number of individuals in
the group (i.e. we calculated the number of sneezing per hour per individual; hereafter sneezing rate). Initially, we considered time of the day (onset
of the recording session) and four meteorological conditions (average values calculated for the whole time of the recording sessions of given social
group): air temperature, atmospheric pressure, humidity and wind speed. Intuitively, all these factors can influence animals behaviours. However, with
18 social groups and five parameters we were at risk of overfitting model.
Also, some variables were considerable correlated with each other (variance
inflation for all factors, VIF range: 1.26–3.45, see also correlogram on Figure A4). To reduce dimensions and account for multicollinearity in the model
we performed principal component analysis and extracted three first principal components (PCs: PC1, PC2, PC3). The three components together could
explain 88.4% of the variance.
Thus, to examine relationship between the number of sneezes and time
of the day and meteorological conditions we modelled the sneezing rate
with the three PCs. The result of the analysis showed that all the three PCs
together were not significant predictors of the sneezing rate (F2,14 = 1.77,
P = 0.20), explaining only 12% of total variance. Neither each of the pre-
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Figure A4. Correlogram showing mutual relationships between variables initially considered
in the modelling of number of behavioural episodes with time of the day and meteorological
conditions.

dictor considered separately in marginal type III test was significant (all
P > 0.11)
Concluding on that part, only recoding duration and number of individuals in the group affects the observed number of behavioral episodes. The
meteorological conditions and time of the day are not relevant. The number
of episodes is positively related with the examined proportion of time — intervals considered as characteristic for contagious. To account for this bias
we applied the randomization procedure in testing the proportion against the
chance.
Common activity pattern can also potentially affect the proportion of focal
time-intervals in a direct way (path 6 in Figure A1). To account for that
possibility we compared sneezing and scratching time distributions using the
Anderson–Darling test; see details in the main text. There is a possibility that
there are other factors that potentially could affect directly and/or indirectly
the examined proportion (noted with dashed-lined arrows in Figure A1), we
are not aware of them now and so could not consider in the present study.
Appendix B
B.1. Results of analysis of contagion of given behaviour at level of social
group
Each group was considered separately.
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B.1.1. “Sneezing”

Figure B1. Distribution (density plot, mean value with 95% confidence intervals (CI) denoted with black, vertical lines, solid and dashed respectively for the mean and CI) of the
random proportions of time intervals considered as characteristic of contagious “sneezing”
(i.e., duration of 1–5 s) and the observed mean proportion (solid vertical red line) with CI
95% (dashed red vertical lines: left, lower CI; right, upper CI). Each tested social group (i.e.,
a group with 4 behavioural episodes) is shown separately.
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B.1.2. Scratching

Figure B2. Distribution (density plot, mean value with 95% confidence intervals (CI) denoted with black, vertical lines, solid and dashed respectively for the mean and CI) of the
random proportions of time intervals considered as characteristic of contagious scratching
(i.e., duration of 1–20 s) and the observed mean proportion (solid vertical red line) with CI
95% (dashed red vertical lines: left, lower CI; right, upper CI). Each tested social group (i.e.,
a group with 4 behavioural episodes) is shown separately.

S7

Contagious behaviours in elephant seals

B.1.3. Yawning

Figure B3. Distribution (density plot, mean value with 95% confidence intervals (CI) denoted
with black, vertical lines, solid and dashed respectively for the mean and CI) of the random
proportions of time intervals considered as characteristic of contagious yawning (i.e., duration
of 1–20 s) and the observed mean proportion (solid vertical red line) with CI 95% (dashed
red vertical lines; left, lower CI; right, upper CI). Each tested social group (i.e., a group with
4 behavioural episodes) is shown separately.

