
INTRODUCTION

Traditional studies based on external morphology, osteology
and results of ongoing genetic analyses, have not produced
an accurate picture of blue whale (Balaenoptera musculus)
population structure or phylogeography (e.g. Reeves et al.,
1998). Collecting samples is not only logistically and
geographically challenging, it is also difficult to obtain
enough samples to have sufficient power to detect structure.
In addition, over the ecological time scales relevant for
management, traditional markers may fail to detect
population structure because they may evolve too slowly
and may not reflect present day movement and association
patterns. Biochemical analyses of pollutants or the fatty acid
signatures in blubber may better reflect the recent past.
Here, we examine another line of evidence, acoustic
characters, and blue whale song in particular, which provide
a potentially rich source of data which can help delimit the
population structure of blue whales worldwide (Cummings
and Thompson, 1977; Thompson et al., 1979; Edds, 1982;
Stafford et al., 1999a; Mellinger and Clark, 2003). Song
types may be a useful indicator of population identity
because they are likely to reflect present day movement and
association patterns. Regional differences in song provide
hypotheses of structure to be compared with genetic and
morphological data when defining blue whale populations
(e.g. Gilpatrick et al., 1997; Le Duc et al., 2003; Conway,
2005). Moreover, acoustic recording of songs offers a
relatively cost-effective means of obtaining samples of
sufficient size for population structure analyses.

The production of high intensity, low frequency, long
duration acoustic calls is a trait common to blue whales
worldwide (e.g. Cummings and Thompson, 1971). These
calls often form repetitive multi-part songs, which have
been documented to be constant in character over decadal

time scales (c.f. Thompson, 1965; McDonald et al., 2001).
Although the function of song is unknown (see below), it is
safe to assume that these are social signals used by the
animals themselves to mediate social interactions and
maintain associations between interacting animals. This
paper reports on the characteristics, geographic range and
seasonality of blue whale songs worldwide. We describe
nine distinctive regional types of songs, which are produced
with stereotyped character in distinct geographic regions
with distinct oceanographic characteristics.

BACKGROUND 

Blue whale subspecies and populations
Commercial whaling harvested more than 360,000 blue
whales, primarily in the Southern Ocean, but with
significant numbers from almost every part of the world’s
oceans (Clapham and Baker, 2001). Changes in population
boundaries or other adjustments in population structure may
be responding to recovery from these depletions and other
environmental and anthropogenic changes, over the post-
whaling era. However, despite considerable effort by the
Scientific Committee of the IWC, the systematics of blue
whales remains problematic. This uncertainty, in turn,
hinders efforts to effectively monitor and manage blue
whale populations at global and regional scales. Currently,
blue whales are divided into four subspecies based on
morphologic and geographic distinctions (Rice, 1998) and
these have been further subdivided into populations for
cetacean management and endangered species recovery
plans (Gambell, 1979; Donovan, 1991; Reeves et al., 1998).
However, the subspecies and population divisions are poorly
understood and the distinctions among them are vague
beyond their presumed geographical separation (Reeves et
al., 2004). B.m. musculus includes all blue whales in the
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Northern Hemisphere. In the North Atlantic, eastern and
western subdivisions were recognised, while in the North
Pacific as many as five population subdivisions were
thought to exist. B.m. intermedia is the high latitude
Southern Ocean and Antarctic waters blue whale. Whaling
data suggest discrete feeding stocks, and consistent with
these, the International Whaling Commission has assigned
six stock areas in the Southern Ocean (Donovan, 1991).
B.m. brevicauda, the pygmy blue whale, is distributed in
sub-Antarctic waters of the Indo-Pacific Ocean and south-
eastern Atlantic Ocean (Zemsky and Sazhinov, 1994; Kato
et al., 2002; IWC, 2003, pp.264-5). B.m. indica is from the
northern Indian Ocean. Unfortunately, the utility and
validity of these subspecies descriptions is uncertain
because osteological studies have been based on only a few
specimens (Omura et al., 1970) and external measurement
comparisons often yield equivocal or even contradictory
results (Gilpatrick et al., 1997). Additional lines of evidence
can improve taxonomy and population designations (Reeves
et al., 2004). 

Blue whale song
Blue whale calls are among the most powerful (188dBRMS
re: 1mPa @ 1m) and lowest frequency (16-100Hz) sounds
made by any animal (Cummings and Thompson, 1971;
McDonald et al., 2001). Singing is the behaviour during
which a limited number of stereotypic sound types are
produced in regular succession and form a recognisable
pattern in time. Calling is the behaviour in which individual,
transient sounds are produced at irregular intervals or as call
and counter-call between two or more individuals. Blue
whale calls are often downswept tones (80-30Hz) of
moderate duration (2-5s), with seasonally variable
occurrence (Thompson et al., 1996; McDonald et al., 2001).
It is not our intent to completely describe the acoustic
repertoire of blue whales worldwide, but only to describe
the sounds which are known to be used in blue whale song.
The acoustic repertoire includes calls which are never seen
in song and song units which are sometimes used alone,
apparently as calls. 

The songs are divided into units, which are continuous
segments of sound, and phrases, which are repeated
combinations of units (Payne and McVay, 1971; Mellinger
and Clark, 2003). Blue whale call units are classified as
primarily pulsed or tonal. A unit boundary is defined here as
any abrupt change in call character (frequency, sweep rate or
modulation rate) regardless of whether there is a pause
between units. This usage differs slightly from that of Payne
and McVay (1971) in that their definition classifies a new
sound as a subunit if there is no pause to separate it. Their
definition is problematic because, in blue whale song,
certain sounds are sometimes separated by a pause, yet
sounds are used with the same syntax, regardless of the
presence of a pause. Overall, blue whale song is much less
complex than humpback whale (Megaptera novaeangliae)
song, requiring less nomenclature and making it possible to
represent all the basic song units in spectrograms, rather
than only representative phrases as is normally done for
humpback whale song. One to five call units are combined
to produce a phrase and a song is composed of many
repeated phrases, each made up of only these units. Breaks
in the song typically coincide with respiration, but the songs
themselves may continue for many hours or even days
(Cummings and Thompson, 1971; McDonald et al., 2001;
Clark and Ellison, 2004). The units are sometimes combined
in different sequences, these apparently having rules or
syntax, by which only certain combinations are allowed.

When units are combined in more than a single sequence we
refer to this as mixed mode phrasing. When only one
sequence has been observed we refer to this as single mode
phrasing. 

The function of blue whale song 
The function of blue whale song, as with other mysticete
songs, is not well understood. Social functions proposed for
mysticete calls (calls in this case refers to all types of
mysticete vocalisations, including song) include foraging,
mating and parental behaviour, long range contact,
assembly, sexual advertisement (male-male or male-
female), greeting, spacing, threat, individual identification
and sensing of the environment (Tyack, 1999; Tyack, 2000;
Clark and Ellison, 2004). However, only rarely has a
specific call been associated with a given behavioural event.
Regarding mysticete song specifically, in species such as
humpback and fin whales, the evidence to date indicates that
only males sing (Watkins, 1981; Darling and Berube, 2001;
Croll et al., 2002). Much of the prevailing speculation on the
function of song in these species has revolved around if, and
how, singing functions as a mating display (Payne and
McVay, 1971; Tyack, 2000; Darling and Berube, 2001; Croll
et al., 2002; Darling, 2002) but recent data indicate that
males also sing during migration and on feeding grounds,
suggesting that there is much yet to learn about the function
of song (Norris et al., 1999; Clark and Clapham, 2004). 

In blue whales, it is known that males sing (McDonald et
al., 2001), but it remains unknown if females also sing.
Animals vocalise throughout the year with peaks from
midsummer into winter (Burtenshaw et al., 2004; S̆irović et
al., 2004). Field observations suggest that singers are
solitary animals (Calambokidis, pers. comm.). Diel
chorusing at dusk and dawn increases the number of singers
during these periods (Thompson, 1965) and tracking, either
visually or acoustically has shown that blue whales swim at
2-10km hr–1 while producing songs (Kibblewhite et al.,
1967; Northrop et al., 1971; McDonald et al., 1995; Thode
et al., 2000; McDonald et al., 2001). Blue whale songs can
be detected for hundreds, and under optimal conditions,
thousands of kilometres (Stafford et al., 1998). 

Individual, temporal and spatial variation in blue whale
song
From personal observation based on the data presented
below, the songs of individual blue whales are known to be
variable, but individual variability within a song type is
much less than that which distinguishes among song types.
Variability within a song type has been shown to be useful
to distinguish between individual whales off California over
the long time periods during which whales were observed
(McDonald et al., 2001). Individual signature information in
blue whale song has been reported for many days for North
Atlantic blue whales (Clark, 1995). More work is needed to
determine if and how individuals vary their calls spatially,
seasonally or functionally and whether individual whales
ever change song type (Stafford and Moore, 2005). The
utility of relatively subtle individual variation to further
subdivide blue whale populations acoustically remains a
topic for further research. 

Regional and spatial variation in blue whale song is
among the better documented of the baleen whale songs,
although the data have yet to be compiled on a global scale.
Previous studies have used the characteristics of
vocalisations to determine the seasonal presence and
movement of blue whales through a region (e.g. Clark,
1995; Stafford et al., 1999a; Moore et al., 2002), including
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the possibility of populations mixing within a region
(Stafford et al., 2001) and have used differences in blue
whale song to identify populations and to distinguish
populations from neighbouring ones (e.g. northeastern vs
northwestern Pacific (Stafford et al., 2001; Moore et al.,
2002) and Antarctic versus others (Stafford et al., 2004)).
For the global comparison described below we build upon
the excellent work in these previous studies.

The case of using vocalisations as a proxy for
population identity
In many species, vocalisations are the predominant means
by which individuals communicate; species-level and
regional variation is well known and song can be a powerful
isolating mechanism among taxa (Marler, 1957; West-
Eberhard, 1983; Slabberkoorn and Smith, 2002). Due to
recent advances in bioacoustics, vocal differentiation has
become increasingly important in the taxonomy of many
terrestrial species and the structure of vocalisations is
becoming common in the descriptions of populations and
closely related species of birds (Baptista, 1975; Catchpole
and Slater, 1995; Martens, 1996; Wright, 1996; Irwin et al.,
2001b), mammals (Maeda and Matasaka, 1987; Gautier,
1988; Bearder, 1999; Kingston and Rossiter, 2004; Siemers
and Schnitzler, 2004), amphibians (Ryan, 1990) and insects
(Wells and Henry, 1998; Gray and Cade, 2000). Acoustic
characteristics may be the key distinguishing feature used in
the identification of otherwise ‘cryptic’ taxa (e.g. nocturnal
primates, Anderson et al., 2000; green warblers, Irwin et al.,
2001a), resulting in significant increases in diversity (Price,
1996; Bearder, 1999). 

While regional diversity in vocalisations is well-known,
some researchers regard vocal displays as too ephemeral and
too influenced by ecological (e.g. habitat matching) and
social (including learning, imitation and mating with
individuals singing other songs) factors to be useful in
elucidating genetic relationships (Harvey and Pagel, 1991;
but see Wimberger and de Queiroz, 1996). In birds, the
relationship between song dialects and population structure
show conflicting results (reviewed in Catchpole and Slater
(1995) and Slabberkoorn and Smith (2002)). Some studies
find little evidence of genetic differentiation (Fleischer and
Rothstein, 1988; Wright and Wilkinson, 2001) while others
show a strong correlation between dialects and genetic
variation (MacDougall-Shackleton and MacDougall-
Shackleton, 2001) sometimes indicating higher level
divergence (Irwin et al., 2001a). Several factors contribute
to these differences, including the social function and the
timing of vocal learning relative to dispersal (Wright and
Wilkinson, 2001). In addition, genetic subdivisions may
exist but go undetected (Bossart and Pashley Powell, 1998;
Taylor and Dizon, 1996; 1999), or differences in song
features across different populations may have occurred too
recently to be detected genetically (Hatch and Clark, 2004). 

Cetacean biologists have long noted the potential utility
of whale songs as an indicator of biologically meaningful
stocks for blue whales (Cummings and Thompson, 1971;
Edds, 1982), humpback whales (Payne and Guinee, 1983;
Cerchio et al., 2001), fin whales (Thompson et al., 1992;
Hatch and Clark, 2004) and Bryde’s whales (Oleson et al.,
2003). Geographic variation of non-song calls is also known
in killer whales (Ford, 1991) and sperm whales (Weilgart
and Whitehead, 1997). Mellinger and Barlow (2003)
recently reviewed intraspecific acoustic structure in
cetaceans with notations on temporal stability and its utility
for stock assessment. Hatch and Clark (2004) examined the
concordance between fin whale song and genetic divergence

among eleven geographic regions in the North Atlantic and
North Pacific Oceans. They found that acoustic differences
were not correlated with estimates of genetic divergence
among regions, and suggested that the patterns of acoustic
dissimilarity may reflect demographic discontinuities in
behaviour and/or movement that are too recent to be
reflected genetically, but that exist on the shorter time scales
relevant to management (i.e. decadal time) scales. As a more
complete understanding of the acoustic repertoire of each
whale species is acquired, we may be able to distinguish
regionally distinctive sounds from those common
throughout the species’ range in these and other species and
to test these acoustic patterns for concordance with patterns
of morphological and genetic variation.

Biogeographic characterisation of blue whale song
worldwide 
The objective of this paper is to describe blue whale song on
a worldwide scale. The approach used intentionally
simplifies since the focus is to look for big picture patterns
and gross differences among regions, while for many
biologists, the focus is on the subtleties of natural variation,
as these may provide clues to the underlying behavioural,
demographic and evolutionary processes. Much additional
research is needed to more fully describe the individual,
temporal, seasonal and microgeographic variability of the
acoustic repertoire of blue whales. The intriguing exceptions
to the rules may indicate there is more to the story than that
provided here, but the objective here is to highlight the value
of acoustic information as a tool in marine mammal
conservation and management. 

METHODS

Recordings and spectrograms of blue whale songs from
publicly available literature, from recordings offered by
colleagues and from our own research have been reviewed.
From these data, spectrograms have been studied from as
few as 10 songs for some of the least well known Indian
Ocean song types to as many as 100,000 songs for the
northeast Pacific where millions of song recordings are now
available. A typical acoustic encounter with a singing blue
whale resulted in recording about twenty songs before either
the whale stops singing or the signal to noise ratio becomes
undesirably low, thus the number of whale encounters
examined scales more or less by a factor of twenty fewer. It
was possible to compare songs between regions as the
differences were apparent visually in the spectrograms. A
typical song phrase or in some cases several phrases for each
song type are presented, representing nearly all the well
known song units. Undoubtedly, detailed study will reveal
additional, less common units, for some song types. To
investigate temporal variation within a region, as many as
15 different years of recordings from the Northeastern
Pacific song were looked at and as few as two different
years of recordings for the Indian Ocean song types. For this
study, ‘acoustic-types’ were established for each of the
geographic regions described with the acoustic measures
above, much as morphologists identify ‘morpho-types’
when a new species is described.

RESULTS

Blue whale song can be categorised into nine types, each of
which was associated predominantly with a geographic
region (see Table 1 for a listing of source data). The best
known songs were from the Pacific Ocean, which had four
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song types. The Indian Ocean, although poorly studied, had
at least three song types, whereas the Atlantic Ocean and
Southern Ocean each had a single song type. Additional
song types may remain undiscovered, for instance, no
recordings are available for the South Atlantic. Locations for
all known blue whale recordings are shown in Fig. 1, the
locations being numbered corresponding to the song type
listed in Table 1. Stability of the song character is illustrated
in Fig. 2. Changes in song character through time are small
relative to differences between song types, the common
change being a slow and regular drift in the frequency of the
tonal components. Spectrogram displays of each song type
are grouped into three figures, the first two (Figs 2 and 3) are
grouped based on similarity of character, while Fig. 4
illustrates the Northern Indian Ocean types which do not
readily group with the others in call character. 

Northeast Pacific
Blue whale songs have been recorded off the coast of
California since 1963 (Thompson, 1965), the northeast
Pacific song being the best documented for any worldwide.
The character of this song has remained stable over the past
four decades. This song has two call units (Fig. 3A). The
first unit (A) is pulsed with multiple, time-offset non-
harmonic components. The second unit (B) is tonal, with a
series of harmonically related higher frequencies. Single
mode (ABABAB or ABBBABBB) phrasing is common,
with the A unit always initiating the song sequence.

The geographic range for the northeast Pacific blue whale
song (type 1 in Fig. 1) is primarily along the west coast of
North and Central America. The type 1 locality is off the
coast of California, where these calls have been well
described (Thompson, 1965; Rivers, 1997; Stafford et al.,
2001; McDonald et al., 2001). In the northern part of this
region, off the coast of Washington, Oregon and British
Columbia, they are heard seasonally, beginning in the
summer and continuing into the autumn and early winter
(Stafford et al., 2001; Stafford, 2003; Burtenshaw et al.,
2004). In the south of their range, at the Costa Rica Dome
region and in the Gulf of California, calls from these whales
are present year-round, but with a peak occurrence in the
winter and spring (Thompson et al., 1996; Stafford et al.,
1999a). This pattern suggests a seasonal movement with a
spring peak presence in the Costa Rica Dome region, and
fall peak presence off the California coast and points further
north, substantiated by photo-identification studies
(Calambokidis et al., 1999) and satellite tagging (Mate et
al., 1999). These calls also have been heard further offshore,
where they mix with the North Pacific song type (Stafford et
al., 2001; Stafford, 2003).

Southeast Pacific
Southeast Pacific blue whale song has been described off the
west coast of South America (Cummings and Thompson,
1971; Stafford et al., 1999b), maintaining the same
character for 27 years. This song contains three pulsed call
units, closely spaced in time, with a total duration of 37
seconds (Fig. 3B). The call units are repeated about every
100 seconds, with single mode phrasing (ABCABC). 

The southeast Pacific blue whale song (type 2 in Fig. 1) is
observed along the west coast of South America and
adjacent offshore waters, with the type locality in the Isla
Guafo region of southern Chile (Cummings and Thompson,
1971). In the northern part of the range, off the coast of Peru,
the songs are recorded year-round, but in greater numbers
during the austral fall and winter (March-August) (Stafford
et al., 1999b). In the south of their range, the song has been
heard in the summer (Cummings and Thompson, 1971).
These data suggest a seasonal movement with a winter peak
presence in tropical waters, and summer peak presence
further south. Sightings and whaling data confirm blue
whale presence in southern Chile year-round (Tonnessen
and Johnsen, 1982; Aguayo-Lobo et al., 1998; Findlay et al.,
1998). A variant of this song has been detected on the
Eastern Tropical Pacific hydrophones south of the equator
(Stafford et al., 1999b). This song (Fig. 3C) consists of four
pulsive units, making it more similar to the Isla Guafo song
type than the New Zealand song type, although it is
somewhat intermediate in character. As more data becomes
available, it may be appropriate to categorise this variant as
a separate song type.

Southwest Pacific
Southwest Pacific blue whale song has been recorded off
North Island, New Zealand (Kibblewhite et al., 1967), with
no apparent change in character over the 33 year time span
between recordings (Fig. 2, Fig. 3D). This song consists of
three pulsed call units (A, B, C) followed by a tonal call unit
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Fig. 1. Distribution of blue whale song, classified into nine regional
types (numbers). See Table 1 for regional designations.



(D), with a total duration of about 55 seconds (Fig. 3C). The
first pulsed unit (A) has lesser amplitude than the following
units (B and C). The call units are repeated approximately
every 108 seconds, with single mode phrasing
(ABCDABCD). This song has been recorded in waters off
North Island, New Zealand; twice near Three Kings Island
(Kibblewhite et al., 1967) and on four occasions near Great
Barrier Island, scattered throughout the year (author’s
unpublished data).

North Pacific
North Pacific blue whale song, first reported from Midway
Island recordings made in 1967 (Northrop et al., 1971),
consists of 2-4 tonal units with frequencies near 20Hz (Fig.
4A and 4B). Six different call units have been reported, with
varying usage over the North Pacific (e.g. Stafford et al.,
2001), suggesting that it may be possible to break this song
region into finer subdivisions. The call units typically last
for 5-20 seconds. Fig. 4A shows representative calls
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Fig. 2. Recordings from New Zealand (A), the Central North Pacific (B), Australia (C), the Northeast Pacific (D) and North Indian Ocean (E) illustrate
the stable character of the blue whale song over long time periods. All song types for which long time spans of recording are available show some
frequency drift through time, but only minor change in character. These examples were chosen because recordings over a significant time span were
available to the authors in raw form, and not because these song types are more stable than the others. The stability of song character in the other
types and for longer time spans in these types is available to various degrees in copyrighted spectrograms and/or written descriptions. The missing
first units in the 1964 New Zealand example and 2002 Sri Lanka example are probably due to lower signal to noise ratio, rather than a change in
the song.



recorded near Midway Island (Northrop et al., 1971). The
call units are repeated about every 85-95 seconds, with
single mode phrasing (ABABAB). Fig. 4B shows song
recorded near Wake Island (author’s unpublished data) with
three tonal units (A, B, C). The phrasing of the Wake Island
call is single mode, with a repeated second unit
(ABBCABBC). Other variants for the North Pacific blue
whale song type have been reported by Stafford et al.
(2001).

The range for the North Pacific blue whale song type
(Type 4 in Table 1) is primarily from the Aleutian Islands,
stretching to about 40°N (Moore et al., 2002). Lesser
numbers of calls are heard as far south as Hawaii and Wake
Island (Watkins et al., 2000; Stafford et al., 2001). In the
Aleutians region, these songs are abundant in the summer
and fall, and are detected nearly every hour on fixed
hydrophones. Aleutian calling is diminished during the
winter and is nearly absent in the spring. This pattern
suggests a strong seasonal movement with summer and fall
spent at high latitude and spring spent at lower latitudes.

North Atlantic
North Atlantic blue whale song was first described in detail
for the St. Lawrence River Estuary (Edds, 1982), consisting
of a single tonal unit near 19Hz (Fig. 4C), although
descriptions date back to 1959 (Weston and Black, 1965).

The most thorough description of this song type is found in
Mellinger and Clark (2003). Each phrase consists of two
units, although there is sometimes no gap between the two
units as is the case in Fig. 4C. The first unit is of nearly
constant frequency, with a duration of about 8 seconds,
while the second unit sweeps down having a duration of
about 11 seconds (Mellinger and Clark, 2003).

The range for the North Atlantic blue whale song (Type 5
in Table 1) stretches from the Arctic Ocean south to at least
35°N. Off the coast of Great Britain it is reported year-round
(Clark and Charif, 1998). Using military hydrophone arrays,
a singing blue whale was shown to move along a northeast-
southwest track in the western north Atlantic during
February-March 1993 (Clark, 1995). The probable pattern
for North Atlantic blue whale song is year-round residence
at high latitude, with some seasonal movement to lower
latitudes during spring.

Southern Ocean
Southern Ocean blue whale song recently has been reported
from offshore Antarctica (Ljungblad et al., 1998; Matsuoka
et al., 2000; S̆irović et al., 2004). The song consists of three
tonal units with frequencies near 20Hz (Fig. 4D). The phrase
is repeated about every 65 seconds, typically with single
mode phrasing (ABCABC), although mixed mode phrasing
also has been observed. 

The reported locations for Southern Ocean blue whale
song recording suggest a circumpolar distribution around
the Antarctic Continent (Type 6 in Table 1). A year-round
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Fig. 3. Blue whale songs for: (A) Northeast Pacific – California,
recorded June 2001 near San Clemente Island, California, (B)
Southeast Pacific – Chile, recorded May 1970 near Isla Guafo, Chile,
(Cummings and Thompson, 1971). Spectrogram produced from
archival tape in Hubbs SeaWorld Sound Library, (C ) 8°S 95°W –
recorded 1996 (Stafford et al., 1999b) and (D) Southwest Pacific –
New Zealand, recorded December 1997 near Great Barrier Island,
New Zealand. Recording from the Centre for Monitoring Research
collected as part of the Comprehensive Test Ban Treaty. The numbers
in brackets refer to song types.

Fig. 4. Blue whale songs for (A) North Pacific – Midway Island,
recorded on December 1967 near Midway Island (Northrop et al.,
1971). Spectrogram produced from archival tape in Hubbs SeaWorld
Sound Library, (B) North Pacific – Wake Island, recorded January
1997 from the Wake Island MILS hydrophone array. Data provided
by the Centre for Monitoring Research, (C) North Atlantic, recorded
in 1993 in the northeast Atlantic between Iceland and Spain. Data
from the Integrated Undersea Surveillance System (Clark, 1996), and
(D) Southern Ocean – West Antarctic Peninsula, recorded February
2002 at 66°S, 71°W off Adelaide Island (S̆irović et al., 2004). The
numbers in brackets refer to song types.



presence is documented from fixed hydrophones deployed
near the West Antarctic Peninsula (S̆irović et al., 2004). The
Southern Ocean blue whale song has also been recorded at
tropical latitudes during the southern winter (Stafford et al.,
2004).

North Indian
North Indian Ocean blue whale song is best known offshore
from Sri Lanka (Alling and Payne, 1987; Alling et al.,
1991). The song consists of four units, three pulsive and one
tonal (Fig. 5A). The call units are repeated about every 210
seconds, with single mode phrasing (ABCDABCD).

The North Indian Ocean blue whale song (Type 7 in Table
1) is reported from the near-shore waters of Sri Lanka,
(Alling and Payne, 1987; Alling et al., 1991), where it was
recorded on two consecutive seasons, both in the spring, and
the whales are reported to be present between January and
May. It is also known of from deep ocean hydrophones near
Diego Garcia (Tolstoy and Bohnenstiehl, 2002; Maya
Tolstoy, pers. comm.).

Southeast Indian
The southeast Indian Ocean blue whale song (Type 8 in
Table 1) has been observed in waters off northern and
southwestern Australia, in the Timor Sea (Lindsay Hall,
pers. comm.) and near Fremantle (McCauley et al., 2000;
2001). These songs were heard in the southern summer and
autumn (January-March), although data are not available for
other seasons. This song contains four pulsed call units and
one tonal call unit, with a total duration of about 120
seconds (Fig. 5B). The call units are repeated about every
180 seconds, with single mode phrasing (ABCDEABCDE). 

Southwest Indian
The southwest Indian Ocean blue whale song has been
recorded south of Madagascar (Ljungblad et al., 1998) and
on a fixed hydrophone array south of Diego Garcia Island.
The Madagascan songs consist of four call units with a total
duration of about 60 seconds (Fig. 5C). The call units are
repeated about every 90-100 seconds, with single mode
phrasing (ABCDABCD). The Diego Garcia variant of this
song consists of five units, two pulsive and three tonal (Fig.
5D). The call units are repeated every 200 seconds, with
single mode phrasing (ABCDEABCDE).

The southwest Indian Ocean blue whale song (Type 9 in
Table 1) has been observed south of Madagascar, at 32°S
(Ljungblad et al., 1998). The songs were heard in the
southern summer (December) on two successive years. No
data are available for other seasons. A seasonality analysis
of the Diego Garcia song is in progress (Maya Tolstoy, pers.
comm.).

DISCUSSION

Acoustic identification of regional differences
Blue whale song types can be helpful in defining population
boundaries. There are distinct differences, outlined above,
between songs recorded in different regions. We have
identified nine acoustic types, many of which are known to
have remained stable for decades. These results suggest that
there are at least nine distinct populations of blue whales
worldwide, with the possibility of more as acoustic data are
collected in unstudied areas. These distinct differences
between areas provide another data set for comparison with
genetic and morphological data when defining blue whale
populations (e.g. Gilpatrick et al., 1997; LeDuc et al., 2003;
Conway, 2005). As Mellinger and Barlow (2003)

recommend, in regions where data are lacking, or resolution
of traditional markers is insufficient, distinct differences in
songs between areas may be used as evidence for
provisional population structure in management decisions.
For these reasons, we provisionally recommend nine
acoustic populations of blue whales worldwide.

Blue whale song may be grouped into three categories
based on their similar characteristics. Song types bordering
the Pacific Ocean, which may be grouped together due to
common characteristics, are: California; Chile; and New
Zealand (Type 1, 2, and 3; Fig. 3A, B, C). These songs have
the following characteristics: (1) pulsed call units; (2) when
present, tonal call units contain higher harmonics; and (3)
song cycle times of intermediate length (102-118s). High
latitude North Pacific, North Atlantic, and Southern Ocean
songs (Type 4, 5 and 6; Fig. 4A, C, D) have a simple
character, with only tonal call units lacking harmonics, and
a short cycle time (35-90s). Indian Ocean songs (Type 7, 8
and 9; Fig. 5A, B, C, D) have the highest level of
complexity. There are similarities in the structure of the
Fremantle song (Type 8) and Sri Lanka song (Type 7). They
have a comparable number, type and ordering of call units,
with long song cycle times (198 and 210s). 

Acoustic characteristics are increasingly being
investigated as cost-effective means of obtaining data with
which to determine population identity and structure
(Mellinger and Barlow, 2003). The recording of sound at sea
also offers a relatively fast and efficient means of gathering
information on marine mammal populations remotely and in
difficult visual or sea conditions and locations (e.g. S̆irović
et al., 2004). Furthermore, because vocalisations may
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Fig. 5. Blue whale songs for: (A) North Indian Ocean – Sri Lanka,
recorded April, 1984 within 5 miles of the entrance to Trincomalee
Harbour (Alling and Payne, 1987). Spectrogram produced from
archival tape at the British Library, Natural Sound Archive, London,
(B) Southeast Indian Ocean – Fremantle, recorded west of Perth,
Australia (courtesy of R. McCauley), (C) Southwest Indian Ocean –
Madagascar, recorded December 1996, south of the Madagascar
Plateau (after Ljungblad et al., 1998), and (D) Southwest Indian
Ocean – Diego Garcia, recorded October 2000, south of Diego
Garcia, by the Comprehensive Test Ban Treaty Organisation. The
numbers in brackets refer to song types.



evolve more rapidly than traditional markers, such as
genetic or morphological characteristics, acoustic
recordings may be particularly useful in detecting cryptic,
insipient and sibling cetacean populations and/or species. 

These data and those from other recent studies provide a
growing body of evidence that geographic differences in
whale songs can provide useful information for discovering
and determining population boundaries (Fig. 6). As noted
above, a recent study of the acoustics of fin whales (Hatch
and Clark, 2004) showed that fin whale song varied
significantly among regions in two ocean basins, although
the differences were not reflected in genetic differentiation,
suggesting that the patterns of acoustic dissimilarity may
represent recent discontinuities in movement/behaviour that
exist on the shorter time scales relevant to management.
Recent studies of the acoustics of minke whales suggest a
simple downswept call is used across geographic regions
(Edds-Walton, 2000; Schevill and Watkins, 1972), but a
complex song-like vocalisation often referred to as the ‘star-
wars’, ‘thump-train’ or ‘boing’ sound is regionally
distinctive (Gedamke et al., 2001; Mellinger et al., 2000;
Jay Barlow, pers. comm.; Wenz, 1964; Thompson and
Friedl, 1982; author’s unpublished data). For minke whales,
the limited data available are consistent with the hypothesis
that the complex sound appears to be produced only during
the breeding season, while the simple sounds are produced
throughout the year. 

Understanding the regional variation, function and
significance of differences among blue whale songs requires
a variety of approaches. Future work is likely to include a
quantitative analysis of the differences within and between
call types to better quantify the categories suggested here
and help distinguish the variants in a more quantifiable way.
Such analysis would likely parameterise the start frequency,
end frequency, duration and gap for each unit of a song and
apply statistical methods such as used by Anderson et al.
(2000). For the better studied songs such as the northeast
Pacific, there are millions of calls recorded to which such a
system could be applied, while other regions such as the
Indian Ocean need more data to meaningfully measure the
variation within the song types for comparison to other
types. Future work is also needed to tease apart the various
historical, ecological, morphological and behavioural
factors that influence these geographic patterns while
investigation into the relative complexity of blue whale calls
may provide insights into the differences in the intensity of
selection and density of individuals among regions as
predicted by studies of birds (Catchpole, 1980; Price, 1998;
Kroodsma, 1983). Ultimately, the goal is to understand the
potential significance of acoustic differences in the
evolution of blue whale populations; if it is a part of their
systematics, it should be a part of ours. 

CONCLUSIONS

Blue whale songs provide a new means for characterising
blue whale population structure worldwide. Song types may
be a useful indicator of population identity because they are
social signals, which are likely to reflect present day
movement and association patterns. Recent advances in
technology make the collection and analysis of long-term
acoustic records practical, even for remote regions of the
world’s oceans and at moderate costs. The availability of
these data will enhance the potential for blue whale song to
play a key role in describing population structure
worldwide. We provisionally recommend nine acoustic
populations for management. 
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