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Abstract The ability to recognize other individuals plays
an important role in mediating social interactions. As longi-
tudinal studies are challenging, there is only limited evi-
dence of long-term memory of individuals and concepts in
mammals. We examined the ability of six wild Australian
sea lions to discriminate between the voice of their mother
and another adult female, both while they were dependent
on their mother and when they were independent, 2 years
after weaning. Here, we show that even after a long period
of independence, juveniles retain the ability to identify their
mother’s voice. Both when dependent and independent,
animals showed stronger responses to maternal calls than to
the calls of another female. This demonstration of recogni-
tion provides rare evidence of the long-term memory capa-
bilities of wild mammals.

Keywords Long-term memory · Individual vocal 
recognition · Neophoca cinerea · Discrimination · 
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Introduction

In social contexts where individuals work toward a com-
mon aim to obtain direct or indirect Wtness beneWts, recog-
nition is essential to ensure resources are directed toward
the correct recipient (Bradbury and Vehrencamp 1998).
IdentiWable signatures contained in communication signals
of individuals or groups allow a receiver to readily interpret
and classify the identity of the signaler (Boughman and
Moss 2002). Experimental studies have demonstrated the
ability of mammals to maintain memories of individuals or
concepts for long periods of time (e.g. Trillmich 1981;
Hanggi and Schusterman 1990; Hanggi 1992; Insley 2000;
Kendrick et al. 2001; Reichmuth Kastak and Schusterman
2002; Charrier et al. 2003; Hanggi and Ingersoll 2009).
However, there is evidence to suggest that over increasing
periods of separation the ability to recognize other individ-
uals may decline due to the reallocation of neural resources
(Kendrick et al. 2001) or a gradual change in identity cues
(Newberry and Swanson 2008).

The study of long-term vocal recognition in wild animals
is inherently diYcult. Few studies have addressed the abil-
ity of mammals to recognize previously familiar social
vocalizations after a period of separation. With the excep-
tion of anecdotal observations of African elephant
(Loxodonta africana) responses to playbacks of former
group member’s vocalizations (McComb et al. 2000), the
only experimental evidence of long-term recognition of
vocalizations in non-primate mammals comes from studies
of otariids (sea lions and fur seals). Otariid species have
developed strong, accurate and early vocal recognition
between mother and oVspring as an adaptation to high
selective pressures (see Insley et al. 2003). Indeed, these
species live in dense colonies where the risk of confusion
between individuals is extremely high, and this is exacerbated
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by the fact that mothers and pups are frequently separated
for short periods during lactation (i.e., mothers forage at sea
for periods lasting from several hours to 3 weeks, Riedman
1991), from shortly after birth. Mother–pup recognition is
thus critical for both pup’s survival and female’s breeding
success. Such strong pressures for individual recognition
may have resulted in long lasting recognition. In Northern
fur seals (Callorhinus ursinus), Insley (2000) showed that
4-year-old females responded more to the calls of their
mother than another female from the same colony 3.7–
3.8 years after weaning. Similarly, 2-year-old Galapagos
fur seals (Arctocephalus galapagoensis) only responded to
playbacks of their mother’s call and not to the calls of other
females (Trillmich 1981). In addition, Charrier et al. (2003)
demonstrated that female subantarctic fur seals (Arctoceph-
alus tropicalis) maintained a memory of their pup’s vocal-
izations recorded when the pups were 1–2 days of age
during playback experiments undertaken just before wean-
ing, 9 months after parturition, even though the pups voice
had changed signiWcantly during this time. These experi-
mental studies demonstrate the potential for otariids to
maintain memories of socially meaningful vocalizations
over long periods of time.

In otariids, the ability to recognize and reunite with their
mother is critical to the survival of pups. Allosuckling is
rare in Australian sea lions (Neophoca cinerea) and pups
face aggression from other females and starvation if they
cannot reunite with their mother (Marlow 1972, 1975). In
the Australian sea lion, maternal care usually lasts between
15 and 18 months (Higgins and Gass 1993). The mother
stays with the pup for the Wrst 10 days after birth and then
alternates between foraging trips and time ashore nursing
the pup (approximately 2 days each) until weaning
(Higgins and Gass 1993). Upon each return to the colony,
and after separations within the colony, the mother and pup
must locate and reunite with each other. Like other pinni-
peds (Insley et al. 2003), the Australian sea lion uses a
combination of vocal and olfactory (Pitcher et al. 2009;
B. J. Pitcher et al. unpublished data) and potentially visual
and spatial cues (Stirling 1972; Marlow 1975; Pitcher et al.
2009) to facilitate these reunions. Analysis of vocalizations
has shown that both mothers and pups possess individual
vocal signatures (Charrier and Harcourt 2006) and that
pups use the amplitude and frequency modulations as well
as the exact frequency components of the mothers voice
when identifying her (Charrier et al. 2009). We have previ-
ously shown that Australian sea lion pups are slower than
other otariids to learn their mother’s voice (Pitcher et al.
2009), albeit, mothers learn their pup’s voice within days of
birth (B. J. Pitcher et al. unpublished data). With very low
colony densities and high levels of female philopatry
(Campbell et al. 2008), Australian sea lions are likely at the
ecological extreme compared to other otariid species,

subject to less selective pressures for individual recognition
compared to northern, subantarctic and Galapagos fur seals
(Charrier and Harcourt 2006).

In this study, we used playback presentations of pup
attraction calls to investigate the long-term recognition
capabilities of a group of Australian sea lions. These wild
individuals were initially tested for their ability to discrimi-
nate between the calls of their mother and another adult
female during their Wrst year while they were still depen-
dent on their mother. The same group of individuals were
tested a second time 2 years after weaning to determine if
any discrimination ability remained in independent ani-
mals. In so doing, we experimentally investigate if long-
term vocal recognition is present in the Australian sea lion.

Methods

Study location and animals

This study was carried out at Seal Bay Conservation Park
(35°41�S, 136°53�E) and Cape Gantheaume National Park
(36°1�S, 137°32�E), Kangaroo Island, South Australia.
Australian sea lion pups born between January and
February 2006 at Seal Bay were double-tagged in the web
of the fore Xippers with an individually numbered two-part
plastic tag (Rototags, Dalton Supplies, UK) and injected
with unique passive integrated transponder tag (AllXex,
Brisbane, QLD, Australia) for individual identiWcation
(Charrier et al. 2009; Pitcher et al. 2009). During their Wrst
year, while dependent on their mother for survival, six pups
(four males and two females) were tested for the ability to
diVerentiate between their mother’s pup attraction call and
another female’s pup attraction call using a playback exper-
iment at Seal Bay. In June and July 2009 the individuals, at
approximately 3.5 years of age, were tested a second time
(four at Seal Bay and two at Cape Gantheaume, approxi-
mately 20 km away) to again determine their ability to
diVerentiate their mother’s call from that of another female.
The animals used in this experiment were part of the study
population used by Charrier et al. (2009) and Pitcher et al.
(2009). The responses of animals to playbacks during their
Wrst year are included in the analysis of Charrier et al.
(2009) and stimulus preparation and presentation follows
the procedure of Charrier et al. (2009) and Pitcher et al.
(2009).

Stimulus preparation

Pup attraction calls were recorded from mothers who were
searching for their pup, either after returning from foraging
or after being separated in the colony. All calls were
recorded using a BeyerDynamic M69 TG microphone
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(frequency response 50 Hz–16 kHz, §2.5 dB, BeyerDy-
namic, Heilbronn, Germany) mounted on a 3-m boom con-
nected to a Marantz PMD 660 digital recorder (frequency
response 16 kHz (¡0.5 dB), dynamic range 80 dB, Marantz
Europe, Eindhoven, The Netherlands). The distance
between the animal and the microphone was kept at
approximately 2 m. Calls were recorded at a 44.1-kHz sam-
pling frequency, with 16-bit resolution. All mothers’
recordings were made during 2006, since it was not possi-
ble to Wnd again the mothers in 2009, as females were not
Xipper tagged nor easily identiWable with natural marks.

Playback stimuli were prepared using Avisoft SAS Lab
Pro (R. Specht, Avisoft Bioacoustics, Berlin, Germany) and
GoldWave (GoldWave Incorporated, St. John’s, NL,
Canada). Calls were resampled to 22.05 kHz sampling fre-
quency, and high-pass Wltered at 200 Hz to remove wind
and ocean noise. Filtering did not aVect the playback of the
vocalizations, as there is no energy below 450 Hz (Charrier
and Harcourt 2006).

During each test in 2006 as well as in 2009, each indi-
vidual received two stimuli. A stimulus consisted of three
repetitions of the same pup attraction call given at a rate of
one every 3 s (Charrier et al. 2001, 2003, 2009; Pitcher
et al. 2009). One stimulus consisted of a pup attraction call
recorded from the individual’s mother and the other was a
pup attraction call of another female from the Seal Bay col-
ony that sired a pup during the same breeding season as the
target individual’s birth. The same ‘mother’ stimulus was
used during both trials (2006 and 2009), since new record-
ings of mothers’ calls could not be made; however, the
other female stimulus was diVerent and randomly chosen
from those available. Pseudo-replication is very unlikely as
animals were only tested twice and even though it was the
same series there was a 3.5-year interval.

Playback presentation

Each animal was tested twice during this study, once while
dependent (i.e. suckling) on their mother during their Wrst
year (dependent) and once post-weaning at approximately
3.5 years of age (independent). For the initial trial (i.e., on
dependent pups), pups were located in the colony on the
day following the mother’s departure for a foraging trip,
and for the second trial (i.e., on independent pups) animals
were tested while resting in the colony between their own
foraging trips. The location of the target animal’s mother
was unknown during the second test as mothers were not
marked at this time. However, no tested individual was
resting in close proximity to another during the trials. Play-
backs were performed when animals were resting in the
colony, and all animals responded to at least one of the calls
presented to them. Calls were broadcast using a Marantz
PMD 670 or an Edirol R-09 (Roland Corporation, Los

Angeles, CA, USA) connected to an Anchor Explorer Pro
loudspeaker (30 W, frequency response 80 Hz–16 kHz
§3 dB, Anchor Audio, Torrance, CA, USA) placed from 4
to 6 m from the pup. Calls were played back at approxi-
mately natural amplitudes (83 § 3 dB SPL measured 1 m
from the source; Charrier et al. 2009). Presentation of play-
back stimuli was separated by at least 2 min, and the pre-
sentation order was randomized.

Playback analysis

We recorded the latency of the animal to Wrst look toward
the playback speaker, the latency to begin approaching the
speaker, the latency to the Wrst vocalization and the number
of vocalizations. All measurements commenced at the
beginning of the playback stimulus and continued for 60 s.
Responses were scored in situ by an observer blind to the
stimulus type. Because of the small sample size, two meth-
ods of analysis were used to ensure the validity of the
results: ethological scale and a principal components analy-
sis (PCA) on raw behavioral data.

For analysis using the ethological scale, each individual
was scored as one of four categories; 0—no observable
response to the playback from the speaker, 1—individual
only looks toward the speaker, 2—individual looks and
vocalizes or approaches the speaker, 4—individual looks,
vocalizes and approaches the speaker. Ethological scores
obtained with the maternal calls and the other female calls
were compared using a Wilcoxon matched pair tests. Data
were also analyzed using a PCA of the raw behavioral data
(after McGregor 1992). The PCA included the three mea-
sures of latency (look, call and approach) and the count of
vocalizations and was used to construct a composite score.
The scores of the principal components with eigenvalues
greater than 1 were compared using two-tailed Wilcoxon
matched pair tests. Statistical comparisons were made using
SPSS 10 for Windows (SPSS Incorporated, 2000) and Stat-
istica 6.0 (StatSoft, 2001).

Results

Ethological scale

Young Australian sea lions, both when dependent on their
mother and independent from them, responded more to
their mother’s vocalizations than to the vocalizations of
another female (dependant: n = 6, Z = ¡2.23, P = 0.026;
independent: n = 6, Z = ¡2.07, P = 0.038; Fig. 1). More-
over, if we compare the diVerences in responses to the calls
of the mother and another female between the two trials
(2006 and 2009), there was not a signiWcant change in the
magnitude of responses between the dependent and
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independent age groups (n = 6, Z = ¡1.00, P = 0.32), indi-
cating that animals responded with the same strength at
3.5 years of age as they did while dependent on their
mother.

Principal components analysis of all behavioral measures

The PCA extracted four factors, but only the Wrst principal
component had an eigenvalue greater than 1 (eigenvalue =
2.32) and explained 58% of the variance in the response of
individuals. The second principal component (eigenvalue =
0.79) only explained a further 19.8% of the variance. All
behavioral measures were highly correlated with the Wrst
principal component (>�0.5�). Greater negative values of
latency scores and higher positive values of the number of
vocalizations corresponded to a stronger response through
shorter response times. Both dependent and independent
animals showed signiWcantly stronger responses to the
maternal calls than to the other female calls (dependent:
n = 6, Z = 2.20, P = 0.027; independent: n = 6, Z = 2.20,
P = 0.027; Fig. 2).

Discussion

Long-term vocal recognition between mothers and
oVspring has been previously demonstrated in northern fur
seals 3.7–3.8 years after weaning (Insley 2000, n = 4

mother–pup pairs) and Galapagos sea lions at 2 years of
age (Trillmich 1981, n = 2 pups), both species that show
strong selective pressures for individual recognition. In the
present study, six Australian sea lions showed the ability to
diVerentiate between playbacks of their mother’s call and
that of another female both while dependent on their
mother and when they had been weaned for approximately
2 years. The strength of this recognition does not appear to
be diminished after this long time. This demonstrates that
long-term vocal recognition occurs in Australian sea lions
and that at least some individuals can identify their
mother’s vocalizations for at least 2 years after weaning.
The two most likely explanations for the maintenance of
vocal recognition over many years are that (1) it is a by-
product of the importance of strong recognition early in
life, or (2) the continued ability to identify mothers plays a
role in social interactions (see Insley 2000; Charrier et al.
2003).

The ability to recognize and reunite mother and oVspring
is crucial for oVspring survival in Australian sea lions prior
to weaning. Learning and memory of these identity cues by
pups is potentially mediated by the ‘Wlial imprinting phe-
nomenon’ (see Chalmers 1983). Such Wlial imprinting is
likely to be resistant to extinction and has been suggested to
occur in a number of pinniped species (see Trillmich 1981;
Hanggi and Schusterman 1990; Schusterman et al. 1992;
Charrier et al. 2003). Selection is likely to favor individuals
that have a strong memory for their mother’s voice during
the period of dependence and as a consequence this
memory may persist until later in life even if this persis-
tence is non-adaptive. Similar evidence for the persistence

Fig. 1 Ethological scale scores for the six individuals. At both ages
(dependent and independent), all six individuals responded to the play-
back of their mother’s calls by looking and calling and/or approaching
the playback speaker. By contrast, most individuals simply looked or
did nothing in response to the playback of an unfamiliar female’s
vocalization

Fig. 2 Principal components analysis of the four behavioral measures
of response (latency to look, call and approach, and number of vocal-
izations). In both age classes (dependent and independent), individuals
responded more strongly to the playback of their mother’s call than to
the playback of calls of another adult female. N = 6 line = median,
box = inter-quartile range and whiskers = 10–90% range
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of long-term memory in pinnipeds was demonstrated by a
California sea lion which reliably performed a conceptual
test 10 years after training (Reichmuth Kastak and Schus-
terman 2002). While long-term recognition of maternal
calls may be a by-product of the strong and permanent
learning during nursing, the general long-term memory
abilities of pinnipeds may be used in a variety of social and
ecological contexts.

Evidence from other species suggests that long-term rec-
ognition may play a role in the mediation of social interac-
tions. In pinnipeds, these social interactions may include
inbreeding avoidance and associations between related ani-
mals in the colony. Inbred animals have been shown to be
less healthy (Acevedo-Whitehouse et al. 2003), and
females avoid breeding with related males and seek out
males with high heterozygosity and low relatedness, pre-
sumably to increase the Wtness of their oVspring (HoVman
et al. 2007). Considering the sexual maturity and breeding
longevity of Australian sea lion, there is potentially oppor-
tunity for mothers and their male oVspring to breed together
(Shaughnessy 1999; McIntosh 2007). Vocal cues may be
used in conjunction with visual and olfactory cues associ-
ated with the major histocompatibility complex to assess
mate relatedness and avoid inbreeding (HoVman et al.
2007).

Grouping of closely related individuals in a breeding
colony may provide opportunities for behaviors that
increase inclusive Wtness (Ross 2001). A number of stud-
ies have investigated the potential for kin clustering to
inXuence the groupings of pinnipeds in breeding colonies
(see Poland et al. 2008). Insley (2000) suggested that long-
term vocal recognition as has been seen in the northern fur
seal and now in this study with the Australian sea lion
could facilitate such associations between mothers and
mature oVspring. Observations of grouping behavior has
provided some evidence for kin associations in Galapagos
sea lions (Wolf et al. 2007; Wolf and Trillmich 2008) and
grey seals (Pomeroy et al. 2000). However, while kin asso-
ciations may occur in some parts of a breeding colony in
grey seals (Pomeroy et al. 2000; Poland et al. 2008) or in
some harems in southern elephant seals (Fabiani et al.
2006) these associations do not occur more often than
unrelated associations at least in ecologically similar phoc-
ids (Fabiani et al. 2006; Poland et al. 2008). In contrast,
individuals within Galapagos sea lion communities are
more likely to be related than individuals between commu-
nities (Wolf and Trillmich 2008). Thus, although long-
term vocal recognition would allow associations between
mothers and oVspring, the low prevalence of this behavior
suggests that it is not the cause of the maintenance of such
recognition.

As in many otariid species, vocal recognition during the
period of maternal care is crucial for the survival of Australian

sea lion pups. It is likely that selection for a strong,
unalterable memory of a mother’s voice has resulted in the
by-product of a long-term memory of these calls. We sug-
gest that while social interactions such as inbreeding avoid-
ance and preferential relationships within colonies are
potentially important for the Wtness of oVspring, it is
unlikely that these interactions solely have resulted in
selection for long-term memory of maternal voice. Our
study demonstrates that some Australian sea lions can iden-
tify their mother’s voice 2 years after weaning, and in com-
bination with previous studies on northern fur seals (Insley
2000) and Galapagos fur seals (Trillmich 1981) provides
the only experimental evidence for long-term memory of
social vocalizations in otariids and in wild mammals. We
suggest that long-term recognition capability may be a trait
common across otariids.

Acknowledgments We thank H. Ahonen, K. Collins, J. Gwilliam,
C. Kennedy, J. Pitcher, and all the Seal Bay staV for their assistance in
the Weld. We thank the SeaLink Travel Group and Vivonne Bay Eco-
Adventures for travel to and accommodation on Kangaroo Island.
Funding for this study was provided by Macquarie University, Austra-
lia and Centre National de la Recherche ScientiWque (CNRS), France.
The research reported in this paper complies with Australian law and
was carried out under South Australian Department of Environment
and Heritage permit number E24934.

ConXict of interest statement The authors declare that they have no
conXict of interest.

References

Acevedo-Whitehouse K, Gulland F, Greig D, Amos W (2003) Disease
susceptibility in California sea lions. Nature 422:35

Boughman JW, Moss CF (2002) Social sounds: vocal learning and
development of mammal and bird calls. In: Simmons AM, Popper
AN, Fay RR (eds) Acoustic communication. Springer, New York,
pp 138–224

Bradbury JW, Vehrencamp SL (1998) Principles of animal communi-
cation. Sinauer Associates, Sunderland

Campbell RA, Gales NJ, Lento GM, Baker CS (2008) Islands in the
sea: extreme female natal site Wdelity in the Australian sea lion,
Neophoca cinerea. Biol Lett 4:139–142

Chalmers N (1983) The development of social relationships. In:
Halliday TR, Slater PJB (eds) Animal behaviour, vol 3. Genes,
development and learning. Blackwell ScientiWc Publications,
London, pp 114–148

Charrier I, Harcourt RG (2006) Individual vocal identity in mother and
pup Australian sea lions (Neophoca cinerea). J Mammal 87:929–
938

Charrier I, Mathevon N, Jouventin P (2001) Mother’s voice recogni-
tion by seal pups—newborns need to learn their mother’s call be-
fore she can take oV on a Wshing trip. Nature 412:873

Charrier I, Mathevon N, Jouventin P (2003) Fur seal mothers memo-
rize subsequent versions of developing pups’ calls: adaptation to
long-term recognition or evolutionary by-product? Biol J Linn
Soc 80:305–312

Charrier I, Pitcher BJ, Harcourt RG (2009) Vocal recognition of mothers
by Australian sea lion pups: individual signature and environmental
constraints. Anim Behav doi:10.1016/j.anbehav.2009.07.032
123

http://dx.doi.org/10.1016/j.anbehav.2009.07.032


776 Anim Cogn (2010) 13:771–776
Fabiani A, Galimberti F, Sanvito S, Hoelzel R (2006) Relatedness
and site Wdelity at the southern elephant seal, Mirounga leon-
ina, breeding colony in the Falkland Islands. Anim Behav
72:617–626

Hanggi EB (1992) The importance of vocal cues in mother-pup recog-
nition in a California sea lion. Mar Mamm Sci 8:430–432

Hanggi EB, Ingersoll JF (2009) Long-term memory for categories and
concepts in horses (Equus caballus). Anim Cogn 12:451–462

Hanggi EB, Schusterman RJ (1990) Kin recognition in captive Califor-
nia sea lions (Zalophus californianus). J Comp Psychol 104:368–
372

Higgins LV, Gass L (1993) Birth to weaning: parturition, duration of
lactation, and attendance cycles of Australian sea lions (Neoph-
oca cinerea). Can J Zool 71:2047–2055

HoVman JI, Forcada J, Trathan PN, Amos W (2007) Female fur seals
show active choice for males that are heterozygous and unrelated.
Nature 445:912–914

Insley SJ (2000) Long-term vocal recognition in the northern fur seal.
Nature 406:404–405

Insley SJ, Phillips AV, Charrier I (2003) A review of social recognition
in pinnipeds. Aquat Mamm 29:181–201

Kendrick KM, da Costa AP, Leigh AE, Hinton MR, Peirce JW (2001)
Sheep don’t forget a face. Nature 414:165–166

Marlow PJ (1972) Pup abduction in the Australian sea lion, Neophoca
cinerea. Mammalia 36:161–165

Marlow PJ (1975) The comparative behaviour of the Australasian sea
lions Neophoca cinerea and Phocarctos hookeri (Pinnipedia:
Otariidae). Mammalia 39:159–230

McComb K, Moss C, Sayialel S, Baker L (2000) Unusually extensive
networks of vocal recognition in African elephants. Anim Behav
59:1103–1109

McGregor PK (1992) Quantifying responses to playback: one, many,
or composite multivariate measures. In: McGregor PK (ed) Play-
back and studies of animal communication. Plenum, New York,
pp 79–96

McIntosh RR (2007) Life history and population demographics of the
Australian sea lion. PhD Thesis, La Trobe University

Newberry RC, Swanson JC (2008) Implications of breaking mother–
young social bonds. Appl Anim Behav Sci 110:3–23

Pitcher BJ, Ahonen H, Harcourt RG, Charrier I (2009) Delayed onset
of vocal recognition in Australian sea lion pups (Neophoca cine-
rea). Naturwissenschaften 96:901–909

Poland VF, Pomeroy PP, Twiss SD, Graves JA (2008) Fine-scale study
Wnds limited evidence of kin clustering in a gray seal colony. Mar
Mamm Sci 24:371–387

Pomeroy PP, Twiss SD, Redman P (2000) Philopatry, site Wdelity and
local kin associations within grey seal breeding colonies. Ethol-
ogy 106:899–919

Reichmuth Kastak C, Schusterman RJ (2002) Long-term memory for
concepts in a California sea lion (Zalophus californianus). Anim
Cogn 5:225–232

Ross KG (2001) Molecular ecology of social behaviour: analysis
of breeding systems and genetic structure. Mol Ecol 10:265–
284

Schusterman RJ, Hanggi EB, Gisiner R (1992) Acoustic signalling in
mother-pup reunions, interspecies bonding, and aYliation by
kinship in California sea lions (Zalophus californianus). In: Tho-
mas J, Kastelein RA, Supin YA (eds) Marine mammal sensory
systems. Plenum Press, New York, pp 533–551

Shaughnessy PD (1999) The action plan for Australian seals. Environ-
ment Australia, Canberra

Stirling I (1972) Observations on the Australian sea lion, Neophoca
cinerea (Peron). Aust J Zool 20:271–279

Trillmich F (1981) Mutual mother–pup recognition in Galápagos fur
seals and sea lions: cues used and functional signiWcance. Behav-
iour 78:21–42

Wolf JBW, Trillmich F (2008) Kin in space: social viscosity in a spa-
tially and genetically substructured network. Proc R Soc B
275:2063–2069

Wolf JBW, Mawdsley D, Trillmich F, James R (2007) Social structure
in a colonial mammal: unraveling hidden structural layers and
their foundations by network analysis. Anim Behav 74:1293–
1302
123


	The memory remains: long-term vocal recognition in Australian sea lions
	Abstract
	Introduction
	Methods
	Study location and animals
	Stimulus preparation
	Playback presentation
	Playback analysis

	Results
	Ethological scale
	Principal components analysis of all behavioral measures

	Discussion
	Acknowledgments
	Conflict of interest statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


