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Abstract. Vocal communication is the main mean of communication for cetaceans and some species 
developed vocal culture and traditions. They are maintained through both production and contextual le-
arning, used to acquire two types of sounds: signature calls and songs. Signature calls are present only in 
species living in stable groups or fission-fusion society. They are used as an identification tool to maintain 
cohesion and contact with conspecifics. Songs are present in most baleen whales, but only humpback and 
bowhead whales change within and between seasons. They use vocal learning to conform to one type used 
by all individuals. Vocal learning is also employed during vocal development in ontogenesis, together with 
maturation. The existence of social groups in other species together with the lack of research suggest that 
traditions are more widespread among cetaceans than is currently known. 

Key words. Whales and dolphins, vocal communication, vocal learning, cultural transmission, vocal 
traditions, signature calls.

INTRODUCTION

Defining culture is not a straightforward task since many definitions can be found in literature, 
and scientists tend to differ in their preference for them. However, it is generally accepted that 
culture includes transmission of one or more behavioural aspects among individuals, resulting in 
a group sharing such trait. Traditions, i.e., accumulative culture, are those behaviours (that one 
individual could not invent by itself) shared from generation to generation (Boyd & Richerson 
1996). Cetaceans are one of the few taxa with documented traditions. 

Transmission of behaviours that form a culture or a tradition is enabled through social learning 
and observation (Boyd & Richerson 1996). There are three types, based on the individuals 
included: vertical, horizontal, oblique. Vertical transmission takes place between a parent and 
offspring, horizontal among age peers and oblique between an individual and a member of the 
older generation that is not a parent (Cavalli Sforza & Feldman 1981). In cetaceans, these 
transmissions are known from various behavioural aspects (such as feeding strategies), including 
vocalisations (Rendell & Whitehead 2001).

In vocal communication, apart from learning when to produce a signal, some species also 
learn how to produce it. These two main types of vocal learning are labelled contextual and 
production, consecutively. Production learning is the modification of sounds based on experien-
ce with conspecifics, resulting in (dis)similar sounds to the model. Contextual learning means 
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using sounds in new contexts based on experience (Janik & Slater 1997). In short, during 
production learning, the sound itself is modified, whereas in contextual it is not.

Vocal traditions of cetaceans are established through both types (Janik & Slater 1997). 
Depending on the type of vocal signal, they are used to either acquire a signal or conform to 
one common version of it.

CULTURES IN THE CETACEAN WORLD

S o n g   o f   b a l e e n   w h a l e s 

The song of the humpback whale (Megaptera novaeangliae) is a classic example of horizontal 
cultural transmission (Fig. 1). It is a highly rhythmic, complex, fixed sequence of various sounds 
of both low and high frequency (Winn & Winn 1978). It is hierarchically structured: from subu-
nits to units, making up phrases that are part of themes (Payne & McVay 1971, Winn & Winn 
1978). The song is characteristic by its ever-changing nature that is maintained through vocal 
learning (Payne & Payne 1985, Eriksen et al. 2005). Segmentation (i.e. replacing one theme with 
a new, similar-sounding one) is used to bring new parts into the repertoire resulting in the creation 
of temporary hybrid songs before establishing a completely new one (Garland et al. 2017).

The changes can be labelled as cultural evolution and revolution (Noad et al. 2000). Cultural 
evolution is the constant change within and between years in a population song (Payne & Payne 
1985). At the start of a new season, it resembles the old song, before alteration or replacement 
of some parts takes place (Payne & Payne 1985, Eriksen et al. 2005). In the end, the song is 
different from those of previous seasons, though some units may prevail in upcoming years 
(Payne & Payne 1985). The longer the seasons are apart from each other, the more different the 
songs are (Eriksen et al. 2005) and old song types or themes are never brought back (Payne 
& Payne 1985, Eriksen et al. 2005).

Despite the constant changes, little variety (except the song duration and precise configuration 
of units) is seen among individuals of one population in one year. All males in one population 
culturally conform to singing the same song at any given time (Payne & McVay 1971, Winn 
& Winn 1978, Payne & Payne 1985). It is also important to note that although it changes 

Fig. 1. Humpback whale (Megaptera novaeangliae). Original by O. Šimková.
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frequently, it does so only within a fixed framework of the sequence of themes and temporal 
characteristics (Payne & McVay 1971, Payne & Payne 1985).

Revolution describes a situation when a certain song type is completely replaced by another 
one in a short time. The new type comes from a different population and can be present with 
the old and intermediate type, before completely taking over (Noad et al. 2000). Transmission 
of song types across populations can be explained by movement of a couple of individuals to 
different areas (Noad et al. 2000), singing on shared feeding grounds (Garland et al. 2013) 
or migration route (Owen et al. 2019). One example of a vast horizontal cultural transmission 
was described in the southern Pacific, where one song type transferred from the east-Australian 
population to others in the eastern direction. The song appeared in the consecutive areas 1–2 ye-
ars apart (Garland et al. 2011). The question of why it is changing remains to be answered. 

The song of the bowhead whale (Balaena mysticetus) is much akin to the humpback’s one: 
the structure (i.e., the number of phrases and their structure, length of the song) changes every 
year (suggested by Cummings & Holliday 1987, confirmed by Delarue et al. 2009) and the 
components are either completely new or similar to those of the previous years. All whales also 
sing an identical version of the song, showing no variation in any characteristics (Delarue et 
al. 2009, Tervo et al. 2011). Apart from changing between years, the song also changes within 
a season, evolving from a primitive version to a complex one (Delarue et al. 2009), therefore 
more than one type of song can be present in one season (Stafford et al. 2008, Tervo et al. 
2009, 2011). All this indicates horizontal cultural transmission occurring in bowhead whales 
(Delarue et al. 2009). 

V o c a l   c l a n s   o f   s p e r m   w h a l e s

Sperm whales (Physeter macrocephalus) live in social units that form a  vocal clan based 
on their similar coda repertoire (Fig. 2). Codas are short sequences of clicks, usually about 
1 second long (Watkins & Schevill 1977, Watkins 1980) and appear in clusters, often in 
the form of exchange between more whales (Watkins & Schevill 1977, Moore et al. 1993, 
Weilgart & Whitehead 1993). There are many different stereotyped types of codas, differing 
in their pattern, i.e., the number of clicks and intervals between them (Watkins & Schevill 
1977, Watkins 1980, Moore et al. 1993, Weilgart & Whitehead 1993). They are produced 
mainly by females and young whales in social units (Marcoux et al. 2006) during resting and 
socialising periods (Whitehead & Weilgart 1991, Rendell & Whitehead 2003) and when 
meeting other groups (Watkins & Schevill 1977, Watkins 1980). 

The repertoire is maintained on a clan level, forming dialects within a population (Rendell 
& Whitehead 2003). No clans share a repertoire, even though one type of coda, the 5R coda, 
has been found in more clans (Weilgart & Whitehead 1993, Gero et al. 2016b, Oliveira et 
al. 2016). However, it seems to contain individual identity, as it shows high individual variability 
(Gero et al. 2016b), especially in the inter-click intervals and inter-pulse intervals (Oliveira 
et al. 2016). Also, it often initiates an exchange (Weilgart & Whitehead 1993) and belongs 
to the most common coda types (Gero et al. 2016a, Oliveira et al. 2016). 

Units within a clan can differ in their repertoires. However, there is only little distinction 
between them, and they have at least two shared types covering more than 10% (Gero et al. 
2016b). For example, 1+1+3 coda was found in all units of only one vocal clan near the Domi-
nica Island, as one of the most common types (Gero et al. 2016a). It is stereotyped across all 
units, even in calf repertoires, therefore likely used as a clan identification coda (Gero et al. 
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2016b). Individuals in a unit also differ in the usage proportions of coda types and may produce 
some distinctively (Gero et al. 2016b) but all types are shared and the most common compose 
over 75% of the unit repertoire (Rendell & Whitehead 2004). Overall, there is a tendency 
for convergence both at unit and clan level, being one of the biggest reasons for homogenised 
repertoire (Konrad et al. 2018).

The repertoire dialects are stable for years (Weilgart & Whitehead 1997, Gero et al. 
2016b), conserved in matrilines of units, even after splitting (Weilgart & Whitehead 1997, 
Whitehead et al. 1998). They are culturally transmitted through social learning, resulting in 
variations and dialects (Rendell & Whitehead 2003, 2004, Amorim et al. 2020). The repertoire 
is learned by young whales from their mothers and other older members of the unit (Weilgart 
& Whitehead 1997, Rendell et al. 2012, Konrad et al. 2018). The codas of calves and juve-
niles are generally less stereotyped and stable than those of adults (Watkins et al. 1988). They 
also produce more coda types and some shared types more frequently (Gero et al. 2016b). The 
younger the calf, the more variable click sequences it produces, which only increase in stability, 

Fig. 2. Comparison of social structure of killer and sperm whales. Based on information from Bigg et al. 
(1990), Ford (1991) and Rendell & Whitehead (1993). Circles represent different social groups: white 
maternal units, purple pods, and blue vocal clans. Sizes and numbers of both individuals and groups are 
only illustrative. Original by A. Zvěřinová.
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stereotypy, and complexity with age (Watkins et al. 1988), gradually crystalising into their natal 
unit repertoire (Gero et al. 2016b). 

Horizontal transmission has been suggested to occur between units within a clan (Konrad 
et al. 2018), but also between clans, when females switch, although it happens very rarely 
(Rendell et al. 2012). 

The presence of dialects can be explained neither by environmental conditions nor genetics. 
Firstly, some vocal clans are sympatric, inhabiting the same area, and they all have a distinct 
repertoire (Rendell & Whitehead 2003, Amorim et al. 2020). Secondly, intra-clan mtDNA 
haplotype sharing does not occur more often than inter-clan, and haplotypes are shared among 
clans (Rendell & Whitehead 2003, Rendell et al. 2012). It is true, however, that maternally 
related units, meaning with common dominant mtDNA haplotypes, have more similar coda 
repertoires. This is easily explained by the parallelism of learning and inheriting genetics from 
the mother (Whitehead et al. 1998). 

K i l l e r   w h a l e   p u l s e d   c a l l s   d i a l e c t s

Pod-specific pulsed calls of killer whales or orcas (Orcinus orca) are also culturally transmitted. 
It is known that orcas are vocal production learners, capable of imitation and copying various 
sounds (Foote et al. 2006), even out of their usual repertoire (Abramson et al. 2018). In one 
cross-fostering experiment with bottlenose dolphin and orca, the orca produced significantly 
more whistles and clicks (typical of bottlenose dolphin) than wild orcas normally do (Musser 
et al. 2014). In another experiment, juvenile males produced calls of an adult male after he was 
introduced into the pool (Crance et al. 2014). Therefore, it is not surprising that orcas learn 
their pod-specific pulsed calls repertoire (Ford 1989, Miller & Bain 2000, Foote et al. 2006, 
Filatova & Miller 2015). 

They are learned by calves mainly from their mothers (Ford & Fisher 1983, Ford 1991, 
Deecke et al. 2010) but also from other maternal relatives, members of a matriline (Yurk et 
al. 2002). After birth, the production of family-specific calls increases significantly for about 
14 days, enhancing the calf’s recognition of those calls and thus maintaining spatial proximity 
with matriline members (Weiss et al. 2006). 

The social system of orcas starts with a maternal unit (MU) – a family of mother and her 
offspring up to four generations. Related MUs form a pod, and pods belong to a vocal clan 
(Bigg et al. 1990), distinct in its repertoire. Vocal clans are likely to have a common maternal 
ancestor (Ford 1991, Yurk et al. 2002); and form dialects within a community (Fig. 2). 

Dialects within a clan develop due to differences in repertoire between MUs accumulated over 
time (Miller & Bain 2000): when a pod/MU splits, the repertoire starts to diverge, evolving 
independently. The mechanisms that lead to the unique repertoires include innovation, cultural 
drift, and vertical and selection learning (Ford 1991, Yurk et al. 2002). 

In contrast to the sperm whale, orcas’ MUs/pods with the most similar repertoire are the most 
recently split (Ford 1991), or closely related, as repertoire similarity correlates with relatedness 
(Yurk et al. 2002, Deecke et al. 2010). The more closely related MUs are, the more similar 
their repertoire is, even if they do not preferentially associate with each other. That means orcas 
use selection learning, choosing who to learn call types from (Deecke et al. 2010). Even though 
rarely, imitation of calls from other clans occurs (Ford 1991, Weiss et al. 2011), but they are 
never transferred into the repertoire (Ford 1991), further proving selection learning, as even 
though orcas copy sounds from more whales, they only learn and sustain the ones from family. 
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Horizontal transmission seems to be also present in orca societies. Firstly, parallel changes in 
one vocal type were found between two matrilines, in a form of vocal matching, which implies 
learning between matrilines within a pod (Deecke et al. 2000). Secondly, community-specific 
stereotyped whistle types are learned throughout the life of adult whales when an association 
between clans occurs, possibly functioning as a community-level recognition signal (Riesch 
et al. 2006). 

The complex repertoires of killer whales likely exist due to their social structure (Ford 1991), 
increasing the efficiency of intra-pod communication and maintaining its cohesion (Ford 1989).

B o t t l e n o s e   d o l p h i n   s i g n a t u r e   w h i s t l e s

The bottlenose dolphins (Tursiops truncatus) (Fig. 3) use both production and contextual lear-
ning to acquire their individually specific signature whistles (Janik 2013). Signature whistles 
are individual-specific, stereotyped whistles, distinct with their contour, first described by 
Caldwell & Caldwell (1965). They remain stable over years (Caldwell et al. 1989, dos 
Santos et al. 2005), even though some parameters, such as intensity, duration, and repetition, 
change slightly depending on stress or excitement levels (Caldwell et al. 1989, Esch et al. 
2009). The development of a signature whistle takes 1–2 years. Once it is learned, it remains 
stable for long years (Esch et al. 2009).

Calves mimic and incorporate sounds from their natal environment and surroundings into 
their repertoire (Fripp et al. 2005), as they learn from both related and unrelated conspecifics 
within their community (McCowan & Reiss 1995, Fripp et al. 2005). On average, there are six 
adult models with similar whistles, although it is unknown if calves learn from all or only some 

Fig. 3. Bottlenose dolphin (Tursiops truncatus). Photo by O. Šimková.
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of them (Fripp et al. 2005). Association and whistle copying were not found to be correlated 
(McCowan & Reiss 1995), though Fripp et al. (2005) noted that the six models were dolphins 
who spend the least amount of time with the studied calves. 

Males seem to have similar whistles to their mothers more often than females do, which can 
be explained by the different life histories of the sexes. Males disperse, while females stay clo-
se to their matriline, which puts forward a need for a distinct type (Sayigh et al. 1990, 1995). 
Calves are also able to learn sounds from other species, such as humans: captive dolphin calve 
whistles are much flatter and of lower frequency than their wild counterparts, reminiscent of 
trainers’ whistle sounds (Miksis et al. 2002). 

Learning continues throughout dolphin life in adulthood, as they mimic other signature 
whistles (Tyack 1986, King et al. 2013) to address the individual (King & Janik 2013), deve-
loping an association between a specific whistle and a dolphin (Caldwell et al. 1989, King 
& Janik 2013). Copies of such whistles are similar in contour to the original, however differ in 
frequency parameters. It was suggested the sound is altered at will, as a form of identification 
of the copying dolphin (King et al. 2013). Signature whistle matching occurs mainly between 
closely associated animals (King et al. 2013). 

Another example is the convergence of whistles in a male alliance reported by Smolker & Pep- 
per (1999). They noted that the three males gradually altered their repertoire, losing individual 
whistles and replacing them with a shared contour. Over time, they were indistinguishable from 
each other. However, King et al. (2018) found distinctive signature whistles in male alliances, 
noting they play a central role in such a group formation. 

O t h e r   p o s s i b i l i t i e s   o f   v o c a l   l e a r n i n g

Apart from the species mentioned above, which also happen to be the most studied ones, vocal 
learning has been hinted in other cetacean species. In one cross-fostering experiment, Risso’s 
dolphin (Grampus griseus) produced whistles very alike those of the bottlenose dolphins, which 
were rarely found in wild conspecifics. It shows that they use models to learn from during 
whistle development (Favaro et al. 2016).

Belugas (Delphinapterus leucas) are capable of imitating and copying sounds they hear 
(Fig. 4). They do so spontaneously, and can even mimic unnatural, computer-made sounds 
they have never encountered before (Murayama et al. 2014). The studies by Vergara & Ba-
rrett-Lennard (2008) and Mishima et al. (2015) both suggested a presence of a signature 
call. Though the calls were different in each study, both were found to be gradually learned by 
calves, until they reached a stereotypy and the call no longer changed. 

Other studies show that signature sounds may also be present in other species (Caldwell 
& Caldwell 1968, Herzing 1996, Shapiro 2006, Marcoux et al. 2012): narwhal (Monodon 
monoceros), Atlantic spotted dolphin (Stenella frontalis), and common dolphin (Delphinus 
delphis). Also, researchers who have had the opportunity to study calf vocal development all 
found the calf sounds to be different from the adult ones (Caldwell et al. 1989, Edds et al. 
1993, Zoidis et al. 2008, Parks et al. 2011, Figueiredo & Simão 2014, Dombroski et al. 2016). 
Maturation is one of the main factors driving the development, due to physiological advance-
ments as well as different behavioural needs and motivations (Root-Gutteridge et al. 2018, 
Indeck et al. 2020), though there are likely more mechanisms contributing to it (Edds et al. 
1993, Figueiredo & Simão 2014). Some noted that vocal learning is one of them (McCowan 
& Reiss 1995, Vergara & Barrett-Lennard 2008). Unfortunately, right now, due to the lack 
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of studies, it is impossible to say how big of a portion of the cetacean repertoire is learned and 
what part is determined genetically. 

CONCLUSIONS

Based on a review of the available literature, it is apparent that cetacean species that use vocal 
learning produce one of two signal types: signature calls or songs. Signature calls are learned 
through vertical and oblique transmission, especially during the early vocal development 
and when learning to recognise the calls of other individuals in a community. They are either 
individual-specific in species with fission-fusion society, such as dolphins, or group-specific 
in species living in stable groups, such as maternal units of orcas and sperm whales and adult 
male alliances of bottlenose dolphins (Smolker & Pepper 1999). Since signature calls were 
suggested to be present in more species, and vocal learning is essential for their acquisition, it 
is quite likely the incidence is higher. 

Humpback and bowhead whales use vocal learning through horizontal transmission to con-
form to one type of song. Although songs are found in more baleen whale repertoires, which 
raises the question of vocal learning being present in other singing species, only the humpback 
whale and bowhead whale songs are complex and constantly changing. Also, they form big 
aggregations during the breeding season (when the song is mostly heard). If any of these factors 
influence the need for vocal learning is speculative. 

Working with the available data, a possible conclusion would be that vocal learning is present 
only in species with signature calls or complex songs. However, the fact that in all four most 
studied species of cetaceans (that is sperm whale, killer whale, humpback whale, and bottlenose 
dolphin) vocal learning functions in acquiring a repertoire, arises a question if more species use it. 

On top of that, signature calls were hinted in more cetacean species, meaning they are very 
likely to use vocal learning to form their repertoire. Even though there is currently no empirical 
evidence to support this statement, it is important to note there is a serious lack of research 
focusing on vocal learning (and behavioural context of vocalisation in general), in cetaceans. 
Evidence was mostly found only in bottlenose dolphin, as it is commonly held captive, where 
experiments are relatively easily conducted. The other studies were predominantly observati-
onal. Therefore, the possibility of a higher incidence of vocal learning in cetaceans cannot be 
ruled out with certainty. 

Fig. 4. Beluga (Delphinapterus leucas). Original by O. Šimková.
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