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Group association and vocal 
behaviour during foraging trips in 
Gentoo penguins
Noori Choi1,2, Jeong-Hoon Kim1, Nobuo Kokubun3, Seongseop Park1,4, Hosung Chung1 &  
Won Young Lee1

In contrast to their terrestrial call, the offshore call of penguins during their foraging trips has been 
poorly studied due to the inaccessibility of the foraging site—the open ocean—to researchers. Here, 
we present the first description of the vocal behaviour of penguins in the open ocean and discuss the 
function of their vocal communication. We deployed an animal-borne camera on gentoo penguins 
(Pygoscelis papua) and recorded their foraging behaviour during chick guarding. From the video 
recordings, we collected 598 offshore calls from 10 individuals in two breeding seasons (2014–2015 
and 2015–2016), and we analysed the acoustic characteristics and behavioural contexts of these calls, 
including diving patterns, group association events, and foraging behaviour. The offshore calls varied 
in their dominant frequency and length, and penguins produced calls of different lengths in succession. 
Group associations were observed within one minute following an offshore call in almost half of 
the instances (43.18%). Penguins undertook dives of shallower depths and shorter durations after 
producing an offshore call than those before producing an offshore call. Our findings show that penguins 
may use vocal communication in the ocean related with group association during foraging trips.

Group living provides many potential benefits, including reduced predation risk1, increased foraging efficiency2, 
and tolerance to harsh environments3. Many avian species breed in large colonies and gain benefits from group 
behaviours, including group foraging2 and group defence, such as mobbing behaviour4. When engaged in group 
behaviours, individuals use a diverse repertoire of calls5. Calls may enable group-living birds to exchange infor-
mation, gather group members, and coordinate group movements across various contexts5.

Marler5 categorized avian calls into four functional types: 1) calls involved in maintaining group coherence, 2) 
calls involved in food sharing, 3) calls involved in hostile interactions, and 4) alarm calls. Birds produce contact 
calls5, 6, flight calls7, and roosting calls5 to maintain group association in place and time while they are foraging6, 
traveling7, or resting5. Food calls and begging calls are associated with food sharing. Food calls recruit other 
members to a food source5, 8, 9, and begging calls stimulate parents to feed their offspring10, 11. Hostile interac-
tions among group members provoke aggressive calls10, which function to resolve conflicts over resources5, 11. 
Various types of alarm calls, such as distress calls10 and mobbing calls12, induce diverse defence mechanisms5, 12.  
Behavioural change concomitant with a call can provide insight into the function of group behaviour. For 
instance, the pied babbler (Turdoides bicolor), which is a colonial-breeding bird species, produces several types of 
calls that function in anti-predatory defence and increasing foraging efficiency at foraging sites13–15.

Penguins are good model species to study group living and vocal behaviour because these birds are colonial 
breeders16 and are highly dependent on vocal communication for group living. The vocal repertoires are used in 
various contexts, including sexual selection (Adélie penguins, Pygoscelis adelie17), parent-offspring recognition 
(king penguins, Aptenodytes patagonicus18, 19; Adélie penguins; and gentoo penguins, Pygoscelis papua20), and 
territory defence (African penguins, Pheniscus demersus11). Favaro et al.11 reported four types of calls produced 
by the African penguin: contact calls, agonistic calls, display songs, and the begging moan. The African penguin 
produces contact calls when it is isolated from other members. Ecstatic and mutual display songs are used in rec-
ognition of social bonds between mates or in parent-offspring relationships. Agonistic calls are presented with 
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aggressive behaviours, and the begging moan is produced by chicks to induce their parents to regurgitate food. 
However, the inaccessibility of open ocean foraging sites of penguins to researchers has precluded the study of the 
vocal repertoires used during foraging trips, except for a few brief observations21–23. This inaccessibility hinders 
the study of not only penguin vocal behaviour but also the evolutionary significance of group foraging behaviour 
in penguins.

Many penguin species forage in groups (e.g., little penguins, Eudyptula minor23 and Adélie penguins24), and 
two hypotheses have been proposed regarding the benefits of group foraging: the ‘anti-predation hypothesis’25 
and the ‘increased foraging efficiency hypothesis’26, 27. The anti-predation hypothesis states that group foraging 
behaviour decreases predation pressure by two main effects: the vigilance effect13, 15 and the dilution effect28, 29. 
Takahashi et al.25 suggested that the group foraging behaviour of the Adélie penguin decreases predation pressure 
at a cost of reduced feeding time due to the synchronous ascending and descending with other group members. 
The increased foraging efficiency hypothesis states that group foraging increases foraging efficiency via informa-
tion sharing30–32 and/or cooperative foraging33. Sutton et al.23 provided evidence that the group foraging of little 
penguins may increase the detection of small patches of highly mobile prey species. However, verification of these 
hypotheses has been hindered by the difficulty of conducting observations and manipulative experiments in the 
open ocean.

Recent advances in animal-borne bio-loggers enable the detailed investigation of foraging behaviour of div-
ing seabirds in the open ocean23, 24, 27, 34–36. Using a video camera with a built-in microphone provides a unique 
opportunity to investigate the foraging behaviour of sea birds, which are largely dependent on acoustic commu-
nication37. Here, we used animal-borne cameras to investigate the foraging behaviour of the gentoo penguin at 
King George Island. We observed that the birds produce calls in the open ocean (hereafter referred to as “offshore 
calls”) during foraging trips.

The gentoo penguin, which is distributed from the sub-Antarctic islands to the Antarctic region, primarily 
preys in groups on krill and fish25, 38–40. Copeland observed that one or two individuals within a foraging group 
called on the surface of the ocean after diving22. In this study, we provide a detailed description of the offshore call 
of the gentoo penguin that is produced during foraging trips and analyse the relationship between the call and the 
behavioural context. We investigate the acoustic characteristics of the offshore call and discuss the functions and 
evolutionary benefits of group foraging.

Results
From the video recordings, we obtained 598 offshore calls (characterized in Fig. 1) from 10 individuals in two 
Antarctic summers during chick-guarding periods (2014–2015 and 2015–2016; Table 1). The average (±SD) call 
duration (CD) was 0.26 ± 0.11 seconds (Fig. 2) and the average dominant frequency (DF) of the offshore calls was 
695.43 ± 155.10 Hz (Fig. 3). The distributions of CD and DF deviated from normal (CD: Kolmogorov-Smirnov 
with Lilliefors significance correction = 0.09, p < 0.001, df = 597; DF: Kolmogorov-Smirnov with Lilliefors signif-
icance correction = 0.32, p < 0.001, df = 597) (Figs 2 and 3, Table 2). We categorized all calls that were produced 
within an eight-second period as a “bout” (Fig. 4) to avoid repeated measures in the behavioural context analysis. 
A diving event ceased a calling activity on surface so we expected that the quantile in Fig. 4 may represent the 
average time span of one consecutive calling bout. A bout consisted of 1.930 ± 2.08 calls on average, and the aver-
age bout length was 2.88 ± 5.72 seconds.

When compared with the display songs with series of syllables of other gentoo penguins20, the offshore calls 
in this study had a simpler structure with only one or two calls and shorter duration (Table 3). Although the 
dominant frequency of the offshore calls is still within the range of the display song of gentoo penguins, it seem 
to be closer to the contact calls and aggressive calls of African penguins, which are uttered as single, short notes11 
(Table 3). After the offshore calls were produced, penguins often moved unidirectionally, swimming near the 
surface (see Supplementary video S1). Almost half of the total number of group associations (47.74%) occurred 
within a minute after a vocal behaviour was performed (Fig. 5) and these penguins with group association exhib-
ited shorter diving duration (N = 72, 104.78 ± 8.67 seconds) than those with no group associations (N = 83, 
137.81 ± 8.18 seconds) (Student’s t test; t153 = 2.77, p = 0.01). Other dive parameters (maximum dive depth, aver-
age dive depth, dive type and prey capture rate) did not show significant changes (Student’s t test; all p > 0.08). 
Group association behaviour was observed in 132 of 308 bouts (42.86%).

Dive duration, maximum dive depth, and average dive depth significantly decreased after production of a 
calling bout within three minutes (Table 4). Gentoo penguins undertook shorter-duration (paired sample t test; 
t = 3.45, p < 0.001) and shallower dives (paired sample t test; t = 2.04, p = 0.04) after a calling bout than those 
before an offshore call. The ratio of exploratory dives to foraging dives (paired sample t test; t = 0.58, p = 0.56) 
and krill capture rate (paired sample t test; t = 1.10, p = 0.28) did not differ significantly between before and after 
a calling bout within three minutes.

When comparing five diving parameters (dive duration (DD), maximum dive depth (MDD), average dive 
depth (ADD), dive type (DT) and prey capture rate (PCR)) between calling and non-calling individuals, no sig-
nificant differences were found (Student’s t test; DD: t18 = −0.79, p = 0.44, MDD: t7.509 = −1.04, p = 0.33, ADD: 
t6.003 = 1.01, p = 0.35, DT: t6.099 = 1.00, p = 0.35, PCR: t18 = 0.78, p = 0.45).

Discussion
We showed that gentoo penguins produced offshore calls and many individuals formed groups with the calls in 
the open ocean. These results generally support the hypothesis that the offshore call is related to group association 
during foraging trips. Thiebault et al.37 revealed that Cape gannets (Morus capensis) used vocal communica-
tion among individuals at sea, possibly to avoid collisions. In general, the penguin calls that we analysed were 
produced by lone individuals, and no vocal interactions with closely neighbouring individuals were recorded 
in our video-recordings. The absence of vocal interaction among neighbouring individuals may suggest that 
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the function of the offshore call is more likely about group formation, not interaction among members in a 
pre-formed group37.

After producing offshore calls, the penguins undertook shallower, shorter dives than those before the call, and 
the video data showed that following their calls, the penguins travelled instead of lingering in a particular area 
(See Supplementary video S1). Moreover, although it was not possible to analyse detailed vocal exchanges due 
to the location of the microphone (attached snugly to the penguin’s back), calls made by other individuals (See 
Supplementary video S2) were also occasionally observed, which implies the occurrence of vocal interactions 

Figure 1. Oscillogram (top) and spectrogram (bottom) of a typical individual offshore call in the ocean (256-
point fast Fourier transform, overlap 50%, Hanning window). The call comprises two notes that have different 
note durations.

Individual Sex
Date  
(MM/DD/YY)

Trip 
duration (h)

Monitoring 
time (%)

Number of 
calls

Number of 
bouts

1317 M 12/23/14 9.2 100 5 3

1322 F 12/25/14 8.0 75 34 12

1329 M 12/29/14 9.2 90 73 46

1335 M 12/30/14 13.1 60 81 26

1337 M 12/31/14 8.7 77 94 44

1340 F 01/03/15 12.9 82 117 51

1508 M 12/08/15 17.0 62 50 32

1509 M 12/08/15 9.7 89 90 61

1510 M 12/09/15 4.7 100 8 8

1516 M 12/21/15 9.3 100 43 25

Table 1. Recording time and the number of recorded offshore calls of the individuals used for analysis. 
Monitoring time was calculated by the proportion of trip duration recorded by camera to total trip duration 
recorded by accelerometer.
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Figure 2. Histogram of note duration of recorded offshore calls (n = 597). The bin size is 0.02 seconds.

Figure 3. Histogram of dominant frequency of recorded offshore calls (n = 597). The bin size is 200 Hz.

ID

Call duration Dominant frequency

D df p D df p

1317 0.32 5 0.11 — — —

1322 0.16 34 0.03 0.497 34 <0.01

1329 0.09 73 0.20 0.499 73 <0.01

1335 0.25 81 <0.01 0.352 81 <0.01

1337 0.11 94 0.01 0.434 94 <0.01

1340 0.12 117 <0.01 0.332 117 <0.01

1508 0.21 50 <0.01 0.437 50 <0.01

1509 0.09 90 0.06 0.440 90 <0.01

1510 0.15 8 0.20 — — —

1516 0.14 43 0.04 0.395 43 <0.01

Total 0.09 597 <0.01 0.322 597 <0.01

Table 2. Kolmogorov-Smirnov test of call duration and dominant frequency of calling individuals. Normal 
distributions in each individual are denoted in bold. In two individuals (1317 and 1516) certain frequency 
values were repeated so it prevented to produce statistical results for testing dominant frequency.
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among multiple individuals. Considering the energetic cost of acoustic signalling, the shallower and shorter dives 
following a call could be related with production of offshore calls. If there is a trade-off between dive recovery 
and calling behaviour, it is possible that the calling individuals may incur a slight oxygen debt and accordingly it 
could affect dive dynamics.

The gentoo penguins did not show a significant difference in the proportion of foraging dives or prey capture 
rate between before and after producing an offshore call. These results suggest that the call may be a contact call 
rather than a food or recruitment call; however, an assessment of the abundance of food sources would be needed 
to draw a definitive conclusion.

Figure 4. Distribution of the interval between individual offshore calls within 20 seconds. The arrow denotes 
the criterion (8 seconds) to integrate adjacent notes into a bout. The bin size is 1 second.

This study
Jouventin and 
Aubin’s study20 Favaro et al.’s study11

Species Gentoo Gentoo African penguin

Function In discussion Display song Contact call

Call structure One or two calls Series of syllables Single utterance

Call duration (s) 0.26 ± 0.11 1.16 ± 0.36 contact call; 0.58 ± 0.18 
aggressive call; 0.44 ± 0.15

Dominant 
frequency (Hz) 695.43 ± 155.10 300–2500 contact call; 258 ± 34 

aggressive call; 251 ± 36

Table 3. Comparison of the acoustic characteristics of penguin calls in this study and the two previous studies.

Figure 5. Distribution of group association within three minutes before and after a calling bout (n = 132). The 
error bars indicate the standard deviations of the mean value of the proportion of group associations.
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We did not find any differences in diving behaviours between calling and non-calling individuals. However, it 
still remains unclear why some individuals did not produce any offshore calls. Our video-recording could cover 
only eight hours per individual so we are not able to generalize its foraging and vocal behaviour. We think that 
multiple recordings on same penguins may show if one individual has different strategies depending on the envi-
ronmental conditions or food availability.

Then, why did some birds produce offshore calls during the foraging trips? The anti-predation hypothesis does 
not fully explain our observations of offshore calls, because predation events primarily occurred near the shore. 
Leopard seals (Hydruga leptonyx), which are one of the primary predators of gentoo penguins at our study site, 
mainly forage near the shore where the penguins depart for foraging trips21, 41–43. Moreover, we did not observe a 
predator or predatory situations in the videos although it could happen.

Did the offshore calls induce group association? Based on our observation that almost half of the total group 
associations formed within a minute after a call, the calls are likely to be related to grouping in gentoo penguins. 
In addition, when an individual joins a group soon after producing a call, the call can be considered as a contact 
call over short distances, as reported in a previous study on communication in Cape gannets37. We consider it 
unlikely that the offshore calls are sufficiently loud to act as signals over long distances. Nevertheless, it is not clear 
how the calls can be efficiently delivered to signal receivers under the windy environment of the open ocean. The 
offshore calls may not be a sole mechanism to drive group association. Although a half of group associations were 
observed for one minute, another half group associations did not instantly occur after a call. Also, we did not 
detect any behavioural changes in diving parameters (maximum dive depth, average dive depth, dive type and 
prey capture rate) after calling, except diving duration. These imply that unknown mechanisms may also drive 
group association and theses could not be exclusive with vocal behaviour.

Our data showed that group members forage at the same patch of prey (See Supplementary video S3), but 
we did not find clear evidence of active cooperative foraging. However, we do not exclude the possibility that 
sharing a prey patch at the same time could involve passive cooperative foraging33 and increase foraging effi-
ciency through local enhancement44, 45 without intentional awareness or food calls. Information about food can 
be conveyed by inadvertently producing cues from feeding behaviour44, 45. When seabirds form larger aggregation 
to forage on inconspicuous prey in the open ocean, individuals may increase detectability on a food patch46, 47.

By deploying GPS and animal-borne cameras, Thiebault et al.47 showed that Cape gannets aggregated at food 
patches and that the number and frequency of foraging dives increased with the size of the aggregation. Penguins 
may also gain benefits from group foraging through increased foraging efficiency. Because Antarctic krill, which 
are the main prey of our studied gentoo penguin population (almost 99% of all prey)34, move in swarms, the 
penguins may use local enhancement to increase foraging benefits46. To verify the significance of local enhance-
ment on group foraging, the effect of group size at a prey patch on group association should be determined47. 
By contrast, compared with local enhancement, collaborative foraging requires a higher level of coordination of 
behaviour among group members in time and place33. Previous research on the foraging behaviour of penguins 
provided evidence of coordinated behaviour, including synchronous diving, in time22, 25–27, 43. However, because 
the limited angle of view of the back-borne cameras prevented us from evaluating the presence of other individ-
uals, our results do not provide evidence that the penguins actively coordinated foraging behaviours with group 
members in place.

In summary, we have described the vocal behaviour of penguins in the open ocean, and we have discussed 
the possible functions of vocal communication during group behaviour. Based on our observations, we hypoth-
esize that the group foraging behaviour of penguins may be accompanied by their vocal communication in the 
open ocean. Further investigations of the offshore behaviour of penguins will allow us to better understand their 
aquatic life. Playback experiments at foraging sites could be used to gain insight into the function of the offshore 
vocal signal. In addition, the placement of cameras on multiple individuals in the same group would enable a 
more detailed analysis of interactions among group members. Information on their interactions may enable us to 
better understand penguin foraging behaviour and test our hypotheses regarding the evolutionary significance of 
group foraging in penguins.

Materials and Methods
Data collection. This study was performed on a population of gentoo penguins at Narębski Point (62°14.3′S, 
58°46.5′W; Antarctic Specially Protected Area No. 171) on King George Island in the South Shetland Islands 
during the chick-rearing period in two breeding seasons (December-January, 2014–2015 and 2015–2016). All 
the methods were carried out in accordance with relevant guidelines and regulations. All the experimental pro-
tocols were approved (certificate paper number: ILAD-3752 [2014.11.03] for 2014–2015 season and ILAD-3328 

Parameter n
Before 
(Mean ± SD)

After  
(Mean ± SD) t df p (two-tailed)

DD (s) 155 142.46 ± 73.22 122.47 ± 75.67 3.446 154 0.001

MDD (m) 155 56.78 ± 32.52 50.96 ± 35.30 2.474 154 0.014

ADD (m) 155 50.91 ± 30.18 46.04 ± 33.96 2.041 154 0.043

DT 80 0.97 ± 0.14 0.96 ± 0.14 0.584 79 0.561

PCR (number/s) 122 0.30 ± 1.45 0.12 ± 0.37 1.096 71 0.277

Table 4. Paired sample t test of the difference in the parameters of penguin dives between before and 
after a calling bout within three minutes. Significant variables are denoted in bold. DD = Dive duration, 
MDD = Maximum dive depth, ADD = Average dive depth, DT = Dive type, PCR = Prey capture rate.
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[2015.11.16] for 2015–2016 season) from the Korean Ministry of Foreign Affairs and Trade and according to the 
current laws of the Republic of Korea (‘Act on Antarctic Activities and Protection of Antarctic Environment’).

We randomly captured 26 adult gentoo penguins (19 individuals in 2014–2015, 7 individuals in 2015–2016) 
that had just left the nest to depart to the ocean. We deployed an animal-borne video camera (DVL400L, 
143.5-mm length, 23-mm diameter, 110 g; Little Leonardo Corporation, Tokyo, Japan) on the dorsal area and two 
depth-acceleration recorders (ORI400-D3GT, 45-mm length, 12-mm diameter, 9 g; Little Leonardo Corporation, 
Tokyo, Japan) on the head and dorsum of each individual. The depth-acceleration recorders measured acceler-
ation on a three-dimensional axis at 0.05-second intervals and a diving depth at 1-second intervals. The accel-
eration data were retained for a future analysis and are not reported herein. In the present study, we analysed 
the depth data obtained from the depth-acceleration recorders. All equipments were attached to the birds using 
waterproof tesa tape48.

The video cameras were capable of recording for 8 hours from the starting time, which was set before deploy-
ment, and the accelerometers were capable of recording diving patterns over an entire foraging trip. Microphones 
in the video-camera loggers recorded sound at a sampling frequency of 44.1 kHz, and the frequency response was 
flat within the range of 0–20,000 Hz.

Among the 26 individuals equipped with video cameras, 10 individuals exhibited offshore calls (4 individu-
als in 2014–2015 and 6 individuals in 2015–2016). 7 individual did not produce offshore calls (5 individuals in 
2014–2015 and 2 individuals in 2015–2016). Among the 9 individuals, five did not go on a foraging trip during 
the video-recording time and one missed data due to unknown technical problem. Three individuals yielded very 
low recording quality with unknown noises were also excluded from analysis.

Data analysis. We determined the presence of calls by watching the video files. The calls were viewed as spec-
trograms (256-point fast Fourier transform, overlap 50%, Hanning window) using RavenPro software (version 
1.5; Cornell Laboratory of Ornithology, Ithaca, New York, USA). The time of day for each call was calculated by 
taking into account the starting time of each camera. The sound files were filtered with a high-pass filter above 
300 Hz. Two call characteristics were measured by using RavenPro: call duration (CD) and dominant frequency 
(DF). CD is the length of the call and DF is the frequency with the most energy (Fig. 1).

We evaluated two types of behavioural context within three minutes before and after a calling bout occurred: 
group association and foraging. The three minutes of observation time was selected based on the average diving 
duration (41.4 ± 11.2 s) reported for the same gentoo penguin population by Lee et al.40. Group association was 
evaluated based on the presence/absence of other individuals in the camera frame, and the time was recorded. 
Foraging behaviour was investigated by analysing five variables calculated from the accelerometer and video 
data: dive duration, maximum dive depth, average dive depth, dive type, and prey capture rate. We compared the 
variables before and after 155 consecutive vocal activities between diving events. Depth data were analysed by 
using IGOR Pro software (version 6.3; Wavemetrics Inc., Lake Oswego, Oregon, USA). We excluded data for dives 
shallower than 5 m to minimize the effect of waves. Using the depth data, we calculated dive duration as the time 
elapsed between adjacent surface events (for details, see Lee et al.40). We also calculated the average dive depth 
from the maximum depth of each dive.

Dive type was determined based on the pattern of the depth profile during the bottom phase of a dive49. There 
are four types of dives: ‘V’ dives, ‘U’ dives, ‘ragged bottom’ dives, and ‘asymmetrical plateau’ dives. Previous stud-
ies have suggested that ‘V’ and ‘U’ dives are aimed at the exploration of a prey patch rather than foraging49–51. In 
this study, we classified the dives into two types: exploratory dives (‘V’ and ‘U’ dives) and foraging dives (‘ragged 
bottom’ and ‘asymmetrical’ dives).

Prey capture rate was determined by counting capture events on the video-recordings in slow motion during 
times when the penguins were hunting krill34, 35.

Statistical analysis. All statistical analyses were performed using IBM SPSS for Windows (version 20.0; 
IBM Corp., Armonk, New York, USA). To determine how many types of calls are in the offshore call repertoire, 
we verified the normality of the CD and DF values of the calls by using the Kolmogorov-Smirnov test. Differences 
in dive duration, maximum dive depth, average dive depth, dive type and prey capture rate between before and 
after vocal behaviour were tested using a paired t test. For the paired t tests, we pooled dive data from calling indi-
viduals. We tested randomness of seven non-calling individuals by modelling the call frequency (number of calls 
per hour) per individual from other 10 calling penguins as a Poisson distribution. By rejecting the null hypothesis 
that non-calling individuals were at random, we included the individuals with absence of calling. To compare 
dive parameters (dive depth, maximum dive depth, average dive depth, dive type and prey capture rate) between 
calling and non-calling individuals, we used a student’s t test. For the student’s t test, we did not take account of 
individual difference52, 53.

References
 1. Inman, A. J. & Krebs, J. Predation and group living. Trends Ecol. Evol. 2, 31–32 (1987).
 2. Evans, C. E., Votier, S. C. & Dall, S. R. X. Information use in colonial living. Biol. Rev. 91, 658–672 (2015).
 3. Maho, Y. L. The Emperor penguin: A strategy to live and breed in the cold: Morphology, physiology, ecology, and behavior 

distinguish the polar Emperor penguin form other penguin species, particularly from its close relative, the King penguin. Am. Sci. 
65, 680–693 (1977).

 4. Clode, D., Birks, J. D. S. & Macdonald, D. W. The influence of risk and vulnerability on predator mobbing by terns (Sterna spp.) and 
gulls (Larus spp.). J. Zool. 252, 53–59 (2000).

 5. Marler, P. Bird calls, their potential for behavioral neurobiology. Ann. N.Y. Acad. Sci. 1016, 31–44 (2004).
 6. Wilkinson, G. S. & Boughman, J. W. Social calls coordinate foraging in greater spear-nosed bats. Anim. Behav. 55, 337–350 (1998).
 7. Baker, M. C. Cultural diversification in the flight call of the Ringneck parrot in Western Australia. Condor. 102, 905–910 (2000).
 8. Bugnyar, T., Kijne, M. & Kotrschal, K. Food calling in ravens: are yells referential signals? Anim. Behav. 61, 949–958 (2001).



www.nature.com/scientificreports/

8SCIeNTIfIC RePoRts | 7: 7570  | DOI:10.1038/s41598-017-07900-7

 9. Radford, A. N. & Ridley, A. R. Recruitment calling: A novel form of extended parental care in an altricial species. Curr. Biol. 16, 1–5 
(2006).

 10. Bretagnolle, V. Acoustic communication in a group of nonpasserine birds, the petrels in Ecology and evolution of acoustic 
communication in birds (ed. Kroodsma, D. E. & Edward, H. M.) 160–177 (Comstock Pub., 1996).

 11. Favaro, L., Ozella, L. & Pessani, D. The vocal repertoire of the African Penguin (Spheniscus demersus): structure and function of calls. 
PLoS One 9, e103460 (2014).

 12. Krama, T. & Krams, I. Cost of mobbing call to breeding pied flycatcher. Ficedula hypoleuca. Behav. Ecol. 16, 37–40 (2004).
 13. Radford, A. N. & Ridley, A. R. Individuals in foraging groups may use vocal cues when assessing their need for anti-predator 

vigilance. Biol. Lett. 3, 249–252 (2007).
 14. Radford, A. N. & Ridley, A. R. Close calling regulates spacing between foraging competitors in the group-living pied babbler. Anim. 

Behav. 75, 519–527 (2008).
 15. Hollén, L. I., Bell, M. B. V. & Radford, A. N. Cooperative sentinel calling? Foragers gain increased biomass intake. Curr. Biol. 18, 

576–579 (2008).
 16. Davis, L. S. & Renner, M. A place to breed in The penguins (ed. Davis, L. S. & Renner, M.) 89–98 (T & AD Poyser, 2003).
 17. Sladen, W. J. L. The Pygoscelid penguins: I. Methods of study. II. The Adélie penguin Pygoscelis adeliae (Hombron and Jacquinot). 

F.I.D.S. Sci. Rep. 17, 1–97 (1958).
 18. Lengagne, T., Aubin, T., Lauga, J. & Jouventin, P. How do King penguins (Aptenodytes patagonicus) apply the mathematical theory 

of information to communicate in windy conditions. Proc Biol Sci. 266, 1612–1628 (1999).
 19. Jouventin, P., Aubin, T. & Lengagne, T. Finding a parent in a King penguin colony: the acoustic system of individual recognition. 

Anim. Behav. 57, 1175–1183 (1999).
 20. Jouventin, P. & Aubin, T. Acoustic systems are adapted to breeding ecologies: individual recognition in nesting penguins. Anim. 

Behav. 64, 747–757 (2002).
 21. Ainley, D. Marine ecology in The Adélie Penguin: Bellwether of Climate Change (ed. Ainley D.) 15–67 (Columbia University Press, 

2002).
 22. Copeland, K. E. Concerted small-group foraging behavior in Gentoo Penguins. Pygoscelis Papua. Mar. Ornithol. 36, 193–194 (2008).
 23. Sutton, G. J., Hoskins, A. J. & Arnould, J. P. Y. Benefits of group foraging depend on prey type in a small marine predator, the Little 

penguin. PLoS One 10, e0144297 (2015).
 24. Takahashi, A. et al. Penguin-mounted cameras glimpse underwater group behavior. Biol. Lett. 271, S281–S282 (2004).
 25. Takahashi, A., Sato, K., Nishikawa, J., Watanuki, Y. & Naito, Y. Synchronous diving behavior of Adélie penguins. J. Ethol. 22, 5–11 

(2004).
 26. Wilson, R. P., Wilson, M.-P. T. & Mcquaid, L. Group size in foraging African penguins (Spheniscus demersus). Ethology. 72, 338–341 

(1986).
 27. Tremblay, Y. & Cherel, Y. Synchronous underwater foraging behavior in penguins. Condor. 101, 179–185 (1999).
 28. Hamilton, W. D. Geometry for selfish herd. J. Theor. Biol. 31, 295–311 (1971).
 29. Ronaldo, A., Caldoni, R., De Sanctis, A. & Laiolo, P. Vigilance and neighbor distance in foraging flocks of red-billed choughs, 

Phrrhocorax pyrrhocorax. J. Zool., Lond. 253, 225–232 (2001).
 30. Beauchamp, G. & Giraldeau, L.-A. Patch exploitation in a producer-scrounger system: test of a hypothesis using flocks of spice 

finches (Lonchura punctulata). Behav. Ecol. 8, 54–59 (1997).
 31. Kerth, G. & Reckardt, K. Information transfer about roosts in female bechstein’s bats: an experimental field study. Proc. R. Soc. Lond. 

B. 270, 511–515 (2003).
 32. Fauchald, P. Spatial interaction between seabirds and prey: review and synthesis. Mar. Ecol. Prog. Ser. 391, 139–151 (2008).
 33. Bailey, I., Myatt, J. P. & Wilson, A. M. Group hunting within the Carnivora: physiological, cognitive and environmental influences 

on strategy and cooperation. Behav. Ecol. Sociobiol. 67, 1–17 (2013).
 34. Kokubun, N., Kim, J.-H., Shin, H.-C., Naito, Y. & Takahashi, A. Penguin head movement detected using small accelerometers: a 

proxy of prey encounter rate. J. Exp. Biol. 214, 3760–3767 (2011).
 35. Watanabe, Y. Y. & Takahashi, A. Linking animal-borne video to accelerometers reveals prey capture variability. PNAS 110, 

2199–2204 (2013).
 36. Ponganis, P. J., Van Dam, R. P., Marshall, G., Knower, T. & Levenson, D. H. Sub-ice foraging behavior of Emperor penguins. J. Exp. 

Biol. 203, 3275–3278 (2000).
 37. Thiebault, A., Pistorius, P., Mullers, R. & Tremblay, Y. Seabird acoustic communication at sea: a new perspective using bio-logging 

devices. Sci. Rep. 6, 30972 (2016).
 38. Robinson, S. A. & Hindell, M. A. Foraging ecology of gentoo penguins Pygoscelis papua at Macquarie Island during the period of 

chick care. Ibis 138, 722–731 (1996).
 39. Kokubun, N., Takahashi, A., Mori, Y., Watanabe, S. & Shin, H.-C. Comparison of diving behavior and foraging habitat use between 

chinstrap and gentoo penguins breeding in the South Shetland Islands, Antarctica. Mar. Biol. 157, 811–825 (2010).
 40. Lee, W. Y., Kokubun, N., Jung, J.-W., Chung, H. & Kim, J.-H. Diel diving behavior of breeding Gentoo penguins on King George 

Island in Antarctica. Anim. Cells. Syst. 19, 274–281 (2015).
 41. Rogers, T. & Bryden, M. M. Predation of Adélie penguins (Pygoscelis adeliae) by leopard seals (Hydrurga leptonyx) in Prydz Bay, 

Antarctica. Can. J. Zool. 73, 1001–1004 (1995).
 42. Takahashi, A. et al. Foraging strategies of chinstrap penguins at Signy Island, Antarctica: importance of benthic feeding on Antarctic 

krill. Mar. Ecol. Prog. Ser. 250, 279–289 (2003).
 43. Daniel, T. A., Chiaradia, A., Logan, M., Quinn, G. P. & Reina, R. D. Synchronized group association in little penguins. Eudyptula 

minor. Anim. Behav. 74, 1241–1248 (2007).
 44. Dechmann, D. K. N. et al. Experimental evidence for group hunting via eavesdropping in echolocating bats. Proc. R. Soc. B. 276, 

2721–2728 (2009).
 45. Beauchamp, G. Exploring the role of vision in social foraging: What happens to group size, vigilance, spacing, aggression and habitat 

use in birds and mammals that forage at night? Biol. Rev. 82, 511–525 (2007).
 46. Beauchamp, G. The effect of group size on mean food intake rate in birds. Biol. Rev. 73, 449–472 (1998).
 47. Thiebault, A., Mullers, R. H. E., Pistorius, P. A. & Tremblay, Y. Local enhancement in a seabird: reaction distances and foraging 

consequence of predator aggregations. Behav. Ecol. 25, 1302–1310 (2014).
 48. Wilson, R. P. & Wilson, M.-P. T. J. Tape: A package-attachment technique for penguins. Wildl. Soc. Bull. 17, 77–79 (1989).
 49. Bost, C. A. et al. Changes in dive profiles as an indicator of feeding success in king and Adélie penguins. Deep-Sea Res. Part II. 54, 

248–255 (2007).
 50. Ropert-Coudert, Y. et al. Preliminary investigations of prey pursuit and capture by king penguins at sea. Polar Biosci. 13, 101–112 

(2000).
 51. Pütz, K. & Cherel, Y. The diving behaviour of brooding king penguins (Aptenodytes patagonicus) from the Falkland Islands: variation 

in dive profiles and synchronous underwater swimming provide new insights into their foraging strategies. Mar. Biol. 147, 281–290 
(2005).

 52. Stonehouse, B. The general biology and thermal balances of penguins. Adv. Ecol. Res. 4, 131–196 (1967).
 53. Buckley, N. J. Spatial‐Concentration effects and the importance of local enhancement in the evolution of colonial breeding in 

seabirds. Am. Nat. 149, 1091–1112 (1997).



www.nature.com/scientificreports/

9SCIeNTIfIC RePoRts | 7: 7570  | DOI:10.1038/s41598-017-07900-7

Acknowledgements
This research was supported by the Long-Term Ecological Researches on King George Island to Predict 
Ecosystem Responses to Climate Change (PE16020) and Development of Environmental Monitoring Techniques 
of Antarctic Specially Protected Area (ASPA No. 171) (PG15040 and PG16040) funded by Korea Polar Research 
Institute. We thank logistic help from overwintering members at King Sejong Station during the field seasons. We 
thank members of Hebet’s lab for reviewing manuscripts.

Author Contributions
W.Y.L. designed the experiment, N.C. and W.Y.L. wrote the main manuscript text, and W.Y.L. and S.S.P. analysed 
diving depth data from accelerometers. W.Y.L. and N.K. performed the 2014–2015 field work and W.Y.L., N.C. 
and S.S.P. performed the 2015–2016 field work. J.H.K. organised the general field study. All authors reviewed the 
manuscript.

Additional Information
Supplementary information accompanies this paper at doi:10.1038/s41598-017-07900-7
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2017

http://dx.doi.org/10.1038/s41598-017-07900-7
http://creativecommons.org/licenses/by/4.0/

	Group association and vocal behaviour during foraging trips in Gentoo penguins
	Results
	Discussion
	Materials and Methods
	Data collection. 
	Data analysis. 
	Statistical analysis. 

	Acknowledgements
	Figure 1 Oscillogram (top) and spectrogram (bottom) of a typical individual offshore call in the ocean (256-point fast Fourier transform, overlap 50%, Hanning window).
	Figure 2 Histogram of note duration of recorded offshore calls (n = 597).
	Figure 3 Histogram of dominant frequency of recorded offshore calls (n = 597).
	Figure 4 Distribution of the interval between individual offshore calls within 20 seconds.
	Figure 5 Distribution of group association within three minutes before and after a calling bout (n = 132).
	Table 1 Recording time and the number of recorded offshore calls of the individuals used for analysis.
	Table 2 Kolmogorov-Smirnov test of call duration and dominant frequency of calling individuals.
	Table 3 Comparison of the acoustic characteristics of penguin calls in this study and the two previous studies.
	Table 4 Paired sample t test of the difference in the parameters of penguin dives between before and after a calling bout within three minutes.




