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ABSTRACT: The identity, distribution and movements of blue whales Balaenoptera musculus that
forage in the Chiloense Ecoregion in Southern Chile remain unclear. Studies of blue whale songs
have identified acoustic populations with distinct song types, geographic ranges, migration routes
and seasonal residencies — information that is relevant to the conservation of this endangered
species. Here, we characterized the song sequences of blue whales that use the Corcovado Gulf
based on dipping hydrophone recordings from 3 austral summer field seasons (2008, 2009, 2011),
and compare these data to previously described song types for the Southeast Pacific (SEP) in order
to better understand meso-scale (versus basin-scale) variation in blue whale song. Two distinct
songs, SEP1 and SEP2, emerged from our analysis. Neither of these songs is used by Antarctic
blue whales. Although SEP1 was the first song recorded in the Corcovado Gulf area in 1970, we
found SEP2 to be the more common song, despite never having been reported previously in this
area. Our report of SEP2 adds a new song to the current description of the SEP blue whale repertoire. Our recording of SEP1 reaffirms the acoustic link already established between Chile and the
Eastern Tropical Pacific (ETP); our recording of SEP2 establishes a new acoustic link for this song
between Chile and the ETP. These findings provide the basis for future passive acoustic studies on
the temporal and spatial distributions of endangered SEP blue whales and for understanding how
these songs relate to the population structure.
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Blue whales Balaenoptera musculus were hunted
to near extinction during the twentieth century, and
although the species was protected internationally in
1966, illegal whaling continued into the early 1970s
(Branch et al. 2004). In the Southeast Pacific (SEP),
most blue whale catches occurred off the coast of
Chile, but also off Peru and Ecuador (Clarke et al.

1978, Ramírez 1983, Van Waerebeek et al. 1997).
Commercial whalers caught approximately 3000
blue whales off the coast of Chile between 1927 and
1971 (Aguayo-Lobo et al. 1998). In 2003, a blue
whale feeding ground was discovered off the Pacific
coast of Chiloé Island, the Corcovado Gulf and the
Guaitecas Archipelago (Hucke-Gaete et al. 2004),
and was subsequently found to extend farther north
of Chiloé Island (Cabrera et al. 2005, Galletti Vernaz-
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zani et al. 2012) and inshore, to the Inner Sea of
Chiloé Island (Abramson & Gibbons 2010), thus
spanning what is known as the Chiloense Ecoregion
(Spalding et al. 2007). These reports indicate that this
area could be important for the recovery of endangered SEP blue whales (Hucke-Gaete et al. 2004,
Branch et al. 2007b). In December 1997, based on
line-transect surveys following distance sampling
protocols, an abundance estimate of 303 animals
(95% CI: 176−625) was obtained for the exclusive
economic zone waters off Chile between north (18° S)
and central (38° S) Chile (Williams et al. 2011), excluding the more coastal waters of the Chiloense
Ecoregion (within the 20 nautical mile limit).
In the Southern Hemisphere, 2 subspecies of blue
whales are recognized, viz. the Antarctic blue whale
Balaenoptera musculus intermedia and the pygmy
blue whale B. m. brevicauda, although acoustic data
suggest there may be at least 5 acoustically distinct
populations (Stafford et al. 1999b, 2011, Širović et al.
2004, Samaran et al. 2013). There has been some
confusion as to the type of blue whales present in the
waters off the coast of Chile. Aguayo (1974) reported
blue whales caught in Chilean waters as being either
Antarctic or pygmy, while Clarke et al. (1978) proposed the Chilean blue whales to be a separate subspecies. More recently, Branch et al. (2007a) determined that the total lengths of blue whales were
intermediate in size between the larger Antarctic
blue whale and the smaller pygmy blue whale, suggesting that these were not only a separate population but also a unique unnamed subspecies. This is
also supported by discrete summer distribution from
Antarctic blue whales (Branch et al. 2007b), genetic
analyses (Conway 2005, LeDuc et al. 2007) and a distinct acoustic repertoire (Cummings & Thompson
1971, Buchan et al. 2010). For management purposes,
Chilean blue whales are considered a separate population from both Antarctic blue whales and Indian
Ocean pygmy blue whales by the International
Whaling Commission (www.iwc.int). Key questions
thus remain regarding the identity, distribution and
movements of this unnamed group of blue whales.
Blue whale vocalizations lend themselves particularly well to distinguishing among different populations of blue whales worldwide (e.g. Stafford et al.
1999b, 2001, McDonald et al. 2006). These sounds
are some of the loudest sustained biological sounds
in the ocean, capable of propagating over extremely
long distances (Stafford et al. 1998, Širović et al. 2007).
The biological function of many of these sounds
remains unknown. Some appear to be used during
feeding (D calls), while the patterned sequence of

calls known as a ‘song’ has been attributed to male
reproductive display, often produced during transit
(Oleson et al. 2007). This patterned song sequence is
made up of individual sounds or ‘units’ which occur
in repeated ‘phrases’. Blue whale song types have
been characterized based on differences in some or
all of the following criteria, most often determined by
visual inspection of spectrograms: (1) song phrasing
(e.g. ABABAB or ABCABC, where A, B and C represent different song units); (2) the inter-unit time interval; (3) total song phrase duration; and (4) song unit
characteristics (frequency, duration, modulation) (e.g.
Cummings & Thompson 1971, Thompson et al. 1996,
Stafford et al. 1999b, McDonald et al. 2006).
Studies of blue whale song in particular have identified populations with distinct song types, geographic
ranges, migration routes and seasonal residencies
(e.g. Stafford et al. 1999a, 2001, 2011, McDonald et
al. 2006, Samaran et al. 2013). Song characteristics
are believed to remain relatively stable over a 40 yr
period, and individual variability within song types is
found to be minimal relative to the variation among
song types (McDonald et al. 2006). Thus, song types
may reflect recent distribution changes that are relevant to the conservation management of the various
subspecies and populations of this endangered species. This is particularly useful in areas where different populations overlap, such as the North Pacific
(Stafford et al. 2001), the Eastern Tropical Pacific
(Stafford et al. 1999b) and the Indian Ocean (Stafford
et al. 2011, Samaran et al. 2013).
Individuals from a single population of blue whales
have been observed to produce variants of 1 basic
song type (e.g. Stafford et al. 2001, Oleson et al.
2007), but have never been observed to produce
more than 1 distinct song type. Variants have been
described as being largely composed of the same
units that define a given song type but in different
proportions and temporal sequences, e.g. ABABAB
versus ABBB. In the case of variants, the types of
units and the order in which they occur remain stable
over time. In contrast, a distinct song type consists of
entirely different units, as characterized by peak frequency, duration and modulation characteristics.
Proper characterization and classification of song
types is essential prior to looking at patterns of overlap of song types in space and time that may reflect
the seasonal passage of different whale populations
through a given habitat (e.g. Stafford et al. 1999b,
2001, Samaran et al. 2010, 2013).
In the Chiloense Ecoregion of the SEP, only 1 song
type has been reported (Cummings & Thompson
1971), which was the first ever documented record-
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ing of blue whale sounds obtained on 30 and 31 May
1970 near Guafo Island (Cummings & Thompson
1971), at the entrance to the Corcovado Gulf (Fig. 1).
This song (see Fig. 2a) consisted of a 3-unit song,
with A-B-C phrasing lasting a total of 36.5 s, with a
0.5 to 1.0 s pulse around 390 Hz described as a precursor to unit C. No further recordings were made of
this song type until 1996 from a fixed hydrophone in
the Eastern Tropical Pacific (ETP), at 8° S, 95° W
(Stafford et al. 1999b). This SEP song was recorded in
the ETP with greatest frequency during the austral
winter (June to August). It was recorded along with a
second song (see Fig. 2b) which followed the same
temporal pattern, but had not been previously recorded elsewhere. This second song was considered
a variant (‘variant 2’) of the first SEP song because
both songs had similar phrasing and durations
(Stafford et al. 1999b). Both songs were attributed to
South Pacific blue whales.
Since the work in the 1970s, only 1 preliminary description of blue whale sounds from the Corcovado
Gulf has been reported (Buchan et al. 2010). Buchan
et al. (2010) made a coarse classification of the Chilean
blue whale repertoire (isolated calls and song units),
grouping all low-frequency long calls (>100 Hz, average duration 10 s) together and highlighting the
presence of high-frequency short call precursors
(approximate duration 1 s) at 350 and 420 Hz. These
authors did not attempt song sequence characterization. Here, we analysed the data from Buchan et al.
(2010) plus 2 additional years of data, and report a
quantitative comparison of the specific song type
characteristics recorded in the Corcovado Gulf.

Fig. 1. Corcovado Gulf study area. Circles (2008), triangles
(2009) and squares (2011) mark dipping hydrophone recording sites per year, and the star (labelled C & T) marks the
recording location from Cummings & Thompson (1971)
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In this study, our objective was to characterize the
song of the blue whales that forage in the Corcovado
Gulf during the austral summer months (February to
April) based on dipping hydrophone recordings from
3 field seasons (2008, 2009 and 2011), and compare
them to the 2 previously described song types/variants for the SEP by Cummings & Thompson (1971)
and from the ETP by Stafford et al. (1999b), in order
to better understand meso-scale (versus basin-scale)
differences in blue whale songs within the SEP.

MATERIALS AND METHODS
Acoustic data collection
During the austral summers of 2008 (February to
April; Buchan et al. 2010), 2009 (February to March)
and 2011 (March), we conducted acoustic monitoring
in our study area (1542 km2 total) located in the
coastal waters of the Guaitecas Archipelago and the
Corcovado Gulf, Chile (43° 54’ S, 73° 44’ W; Fig. 1).
Data were collected from an 8 m outboard-powered
vessel. Blue whales were located with aid of landbased observers working with binoculars and a
theodolite for tracking. Whales were identified visually from the vessel with binoculars and the naked
eye, first by identifying their blow and then by confirming species upon closer approach.
Recording equipment and settings were selected in
order to ensure that sufficient energy was captured
at frequencies necessary to characterize song units
(20−400 Hz) but also to diminish background noise at
low frequencies. Nevertheless, high levels of lowfrequency background noise were present. Hydrophone recordings were made in 2008 and 2009 with
an omni-directional hydrophone (Cetacean Research
Technology C54XRS) with a flat frequency response
from 0.016 to 44 kHz (+ 2/−3 dB) and a usable frequency response of 0.006 to 203 kHz (+ 2/−20 dB), a
digital high-pass filter set at 20 Hz (Cetacean
Research Technology), an Edirol 96-bit USB sound
card sampling at 96 kHz and a Panasonic Toughbook
laptop computer with Raven Pro 1.3 recording software (Bioacoustics Research Program 2008). In 2011,
single hydrophone recordings were made with an
SQ26-MT portable underwater recording system
(Cetacean Research Technology), which includes an
omni-directional hydrophone with a flat frequency
response from 0.020 to 20 kHz (+ 2/−2 dB) and a
usable frequency response of 0.01 to 50 kHz (+ 2/
−15 dB), and an M-Audio Microtrack recorder sampling at 96 kHz. Recording effort was carried out
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regardless of whether blue whales were in sight, but
not in the presence of other cetaceans. All sightings
(number of groups, number of individuals, approximate distance estimated visually) were noted.

Whale song characterization: phrases and units
A blue whale song sequence is composed of several repeated phrases. Each phrase is a patterned
sequence of song units and shorter ‘unit-precursor’
sounds. Spectrograms of complete song phrases,
with labelled song units and unit precursors, are
presented (see Fig. 3). Songs were characterized
from visual inspection of spectrograms between 0
and 500 Hz, using the following criteria: (1) song
phrasing; (2) the inter-unit gaps between song units;
(3) total song phrase duration; and (4) song unit
characteristics (frequency, duration, modulation)
(Cummings & Thompson 1971, Stafford et al. 1999b,
Mellinger & Clark 2003). Within a song sequence,
each unique unit within the repeated phrases was
named according to its order of appearance in the
phrase, e.g. A for the first unit, B for the second, C
for the third (Cummings & Thompson 1971). In the
literature, this method of labelling song units does
not imply that, for example, unit A from the North
Pacific song is identical to unit A from the Indian
Ocean song; it merely expresses the position of the
unit in the song phrase. However, in order to avoid
this confusion, we additionally annotated units
according to the song they belonged to, based on
our classification of song. Thus, song units and
phrases were described as A1-B1-C1 for the first
song type, A2-B2-C2 for the second, and so on, to
emphasize the song that units belonged to. Unit
precursors were labelled according to the unit they
preceded (pre-A1, pre-B1, pre-C1 etc.). The time (s)
between 2 consecutive units (or between a unit and
the precursor to the following unit) defined the
inter-unit gap. Total song phrase duration was
determined by the time between the start of the first
unit and the end of the last unit; the last unit in the
phrase was easily distinguishable since it was followed by a much longer time gap (> 50 s) before the
start of a new phrase. Song units were considered to
be delimited by an abrupt change in the frequency
or modulation rate, irrespective of a pause between
song units (McDonald et al. 2006), and each unit
was characterized by measuring its peak frequency
(Hz) and duration (s), and assigned modulation
characteristics (pulsed or tonal, where possible;
Cummings & Thompson 1971).

Spectrogram analysis of whale songs
Recordings were analysed in spectrograms and
waveform plots created in Raven Pro 1.3 (Hamming
window; 90% overlap; window size 60 000 samples;
Fast Fourier Transform (FFT) 65 536 samples, Bioacoustics Research Program 2008). All spectrograms
were scanned visually for blue whale calls within the
0 to 500 Hz frequency range, and only blue whale
song units and phrases were analysed. Blue whale
song units and unit-precursors were selected manually on-screen using a cursor and committed to selection tables that compiled the following data for each
selection: begin time (s), end time (s), low frequency
(Hz), high frequency (Hz), peak frequency (Hz; the
frequency at which peak power occurs), unit amplitude modulation (where signal-to-noise ratio was
sufficient, modulation rate of pulsed sounds was
determined as the number of pulses per second) and
unit type (e.g. A1, B2).
Following the compilation of selection tables in
Raven Pro 1.3 (Bioacoustics Research Program 2008),
we calculated the duration of units (end time minus
begin time in seconds), the average inter-unit interval for each set of consecutive units (time between
the end of one unit and the beginning of the following unit, in seconds) and the average inter-phrase
interval (from the beginning of one phrase to the
beginning of the following phrase in seconds).
The final set of song characteristics determined from
the data for song sequence characterization were (1)
peak frequency of song units and unit precursors, (2)
duration of song units and unit precursors, (3) duration of inter-unit gaps and (3) duration of total phrase.

Whale song comparison
Once blue whale song sequences were visually inspected and quantitatively characterized, they were
compared to song descriptions by Cummings &
Thompson (1971) from the Corcovado Gulf and
Stafford et al. (1999b) for the ETP. In order to visually
compare our song sequences with both of these previous studies, we decimated our data to a 100 Hz
sample rate (see Fig. 2). Sounds from Cummings &
Thompson (1971) were recorded with a hydrophone
with a pre-amplifier (Wilcoxon, type M-H90-A) suspended ~28 m below a ~305 m (1000 ft) floating cable,
with a low-frequency response of 3 dB at 12 Hz;
sounds were recorded on a battery-powered magnetic
tape recorder. A digital copy of the song sequence
recorded by Cummings & Thompson (1971) was ob-
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tained from the Macaulay Library at Cornell University, USA, which we decimated to 100 Hz sample rate.
Sounds from Stafford et al. (1999b) were recorded
with an autonomous hydrophone logging system with
an International Corporation 1032 hydrophone, preamplifier/filter (designed to prewhiten ocean ambient
noise spectra from 1 to 40 Hz) and a digital recorder in
a pressure resistant titanium housing. The hydrophone was suspended in the deep sound channel at
depths of 650 to 750 m and set to record up to 6 mo at a
sampling rate of 100 Hz with low pass filters set at
40 Hz. The methods employed in both of these studies
make the data largely comparable with data from this
study, although our signal-to-noise ratio (SNR) is
somewhat poorer.
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2 nautical miles of the research vessel. The distance
to the source of sounds was not measured; therefore,
it is possible that sounds recorded may have been
produced by whales farther away than those animals
sighted near the vessel. We selected a total of 345
units within 67 song phrases for analysis, excluding
157 sounds that were isolated calls (not clearly part of
a song sequence) and song units/phrases with an
SNR considered to be too poor to distinguish the start
and end of each unit.

Description of the two SEP songs

Based on the frequency characteristics of song
units and unit precursors (Table 2), and the temporal
characteristics of song phrases and units (Table 3),
RESULTS
we distinguished 2 different songs, which we named
SEP1 (Southeast Pacific 1; Figs. 2a,c & 3a) and SEP2
Sampling effort and context
(Southeast Pacific 2; Figs. 2b,d & 3b).
SEP1 (Figs. 2c & 3a; Tables 2 & 3) was only reIn total, 29 h and 11 min were recorded during the
corded during a single song sequence on 23 Februaustral summers in February to April 2008, February
ary 2008, and only 5 phrases were recorded; on that
to March 2009 and March 2011 (Table 1) within the
day no other song sequence was recorded. This small
Corcovado Gulf study area. Song recordings coinsample size is a clear limitation to the characterizacided with sightings of groups of 1 to 3 blue whales
tion of this song sequence. This song consisted of 3first sighted at an observed distance of 500 m to
unit phrases (A1-B1-C1) that each lasted on average
33.9 s. The first unit (A1) had a mean
peak frequency of 21 Hz and an averTable 1. Balaenoptera musculus. Total acoustic monitoring effort in hours,
age duration of 11.4 s. It was followed
number of separate days when songs were recorded, total song units (includimmediately by unit B1 with mean
ing unit precursor sounds) and total song phrases of Southeast Pacific (SEP)
blue whale song types SEP1 and SEP2, recorded during the austral summers
peak frequency of 49 Hz and average
of 2008, 2009 and 2011 in the Corcovado Gulf blue whale feeding ground
duration of 9.2 s. Unit C1 had a mean
peak frequency of 25 Hz and lasted
2008
2009
2011
All
9.5 s and was almost always (4 times
(Feb−Apr) (Feb−Mar) (Mar) years
out of 5) preceded by a short (0.7 s),
high-frequency pulse (350 Hz) that we
Total hours:minutes of effort
16:03
10:46
2:49 29:11
named precursor-C (pre-C1; circled in
Total days when songs were recorded
5
3
2
10
Total SEP1 song units
18
0
0
18
Fig. 3a).
Total SEP2 song units
117
187
41
345
SEP2 (Figs. 2d & 3b; Tables 2 & 3)
Total SEP1 song phrases
5
0
0
5
was
recorded during all 3 field seasons
Total SEP2 song phrases
22
32
8
62
(2008, 2009, 2011), totalling 62 phrases.
Table 2. Balaenoptera musculus. Frequency characteristics of Southeast Pacific (SEP) blue whale song types SEP1 and SEP2: mean
peak frequencies (rounded to nearest whole number) ± SD (rounded to nearest decimal) of unit precursors (Pre-A, Pre-C, Pre-D) and
song units (A−E); sample sizes are in parentheses. Peak frequency refers to the frequency at which peak power (amplitude) occurs
within the selected sound; NA: not applicable

Pre-A
SEP1
SEP2

Unit A

Unit B

NA
21 ± 0.8 (4) 49 ± 17.1 (5)
414 ± 15.5 (48) 55 ± 12.1 (57) 84 ± 7.6 (62)

Mean peak frequency (Hz)
Pre-C
Unit C

Pre-D

Unit D

Unit E

350 ± 3.3 (4) 25 ± 0.0 (5)
NA
NA
NA
NA
35 ± 16.6 (61) 356 ± 9.7 (53) 37 ± 17.3 (60) 85.3 ± 2.2 (4)
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Fig. 2. Balaenoptera musculus. Waveforms (top panels) and spectrograms (bottom panels), of blue whale songs: (a) SEP1 from
Cummings & Thompson (1971) obtained from the Macaulay Library (http://macaulaylibrary.org/) downsampled to 100 Hz; (b)
SEP2 from Stafford et al. (1999b) sampled at 100 Hz; (c) SEP1 from this study downsampled to 100 Hz; (d) SEP2 from this study
downsampled to 100 Hz. Song units are marked by A, B, C, D with song type 1 or 2 annotations. Unit precursors are not shown.
Spectrogram parameters for (a) and (c) are FFT: 256, 128-point Hanning window, 50% overlap; for (b) and (d), FFT: 1024, 128point Hanning window, 90% overlap. Note that (d) is poorly visualized due to high low-frequency background noise; Fig. 3
shows 0−500 Hz bandwidth spectrograms of sounds (c) and (d)

Fig. 3. Balaenoptera musculus. Waveforms (top panels) and spectrograms (bottom panels) of blue whale songs from this study
downsampled to 1 kHz: (a) SEP1, (b) SEP2. Spectrogram parameters are FFT: 1024, 512-point Hanning window, 50% overlap.
Song units are marked by A, B, C, D with annotations 1 for SEP1, and 2 for SEP2, and circles indicate short duration higher
frequency unit precursors (pre-C1 for SEP1; pre-A2 and pre-D2 for SEP2)
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4.0 ± 0 .5
(23)

–

–

10.8 ±1.5
(23)

–

–

53.5
NA

–

This song generally consisted of a 4-unit phrase (A2B2-C2-D2; n = 58) lasting on average 60 s, with an
additional unit E2 in 4 phrases from a single song
sequence recorded in 2009. Unit A2 had a peak frequency of 55 Hz and an average duration of 9.5 s, and
was almost always preceded by short (0.7 s) high-frequency pulse (414 Hz) that we named pre-A2 (circled
in Fig. 3b). After an average inter-unit gap of 19.5 s,
unit A2 was followed by unit B2, which had a mean
maximum frequency of 84 Hz and a mean duration of
12.6 s. Unit B2 was strongly amplitude modulated,
similar to B1 in SEP1, and where the SNR was sufficient (n = 10), a modulation rate of 6.62 s−1 ± 0.11 SD
was determined (equal to an inter-pulse interval =
0.15 s). Unit C2 had a mean maximum frequency of
35 Hz and a mean duration of 4.5 s. Unit D2 had a
mean maximum frequency of 37 Hz and a mean
duration of 8.0 s, and was almost always preceded by
a short (1 s) high-frequency (356 Hz) precursor that
we named pre-D2 (circled in Fig. 3b). An additional
unit E2 was recorded 4 times during 1 song
sequence, with a mean maximum frequency of 37 Hz
and a mean duration of 12.6 s.

–

Comparison between SEP songs

a

Whale 1 and bWhale 2 from Cummings & Thompson (1971)

–
10.8 ± 0.6
(9)
–
17.7 ± 3.8
(23)
–
SEP2: Stafford et al.
(1999b)

4.5 ± 0.8 2.2 ± 0.7 1.0 ± 0.2 8.0 ± 2.7 10.8 ± 6.9 12.6 ± 0.1 59.6 ± 6.7 222.9 ± 344.7
(61)
(52)
(53)
(60)
(4)
(62)
(62)
(46)
NA
0.7 ± 0.1 9.5 ± 6.9 19.5 ±1.7 12.6 ± 0.4 0.3 ± 0.3
(48)
(57)
(50)
(62)
(53)
SEP2: this study

–
38.8 ±1.8
(25)
NA
NA
NA
NA
NA
SEP1: Stafford et al.
(1999b)

13.4 ±1.1
(25)

–

9.1±1.2
(25)

–

–

8.4 ± 0.5
(25)

NA

100a
106b
36.9a
36.2b
NA
NA
NA
NA
NA
9.0a
7.9b
0.5−1.0
2.5a
3.7b
10.3a
9.6b
0a
1.6b
NA
SEP1: Cummings &
Thompson (1971)

13.4a
15.3b

107.9 ± 31.7
(3)
33.9 ± 5.6
(5)
NA
NA
NA
NA
NA
5.0 ± 0.8 0.7 ± 0.1 9.5 ± 0.4
(5)
(4)
(5)
11.4 ± 2.7 0.07 ± 0.1 9.2 ± 0.5
(4)
(4)
(5)
NA
SEP1: this study

Inter-phrase
interval
Total
phrase
Unit E
Unit D Gap D-E
Unit C Gap C-D Pre-D
Gap B-C Pre-C
Unit B
Gap A-B
Unit A
Song type and source Pre-A

Table 3. Balaenoptera musculus. Temporal characteristics of Southeast Pacific (SEP) blue whale song types SEP1 and SEP2, from Cummings & Thompson (1971), Stafford
et al. (1999b) and this study: mean duration (s) ± SD (sample size in parentheses) of unit precursors (pre-A, pre-C, pre-D), song units (A−E), inter-unit gaps (A-B, B-C, CD, D-E), total song from start to end and song interval, measured from the start of a song to the start of the following song. NA: not applicable; –: no available data
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To graphically explore how similar or distinct the
song units and unit precursors of both songs are, we
plotted the peak frequencies and durations of all
units and precursors (Fig. 4a,b, respectively). Given
our relatively small sample size, no statistics were
applied. Most units were distinct from one another;
however, a high degree of similarity was clear between SEP1 unit B (B1) and SEP2 unit A (A2), as well
as between SEP1 precursor C (pre-C1) and SEP2 precursor D (pre-D2). Unit B and unit E of SEP2 also
appeared to be quite similar.
Higher bandwidth spectrogram examples of SEP1
and SEP2 are given in Fig. 3a and b, respectively,
which show higher SNR compared to lower bandwidth spectrograms, given the high levels of lowfrequency noise. Visual inspection of these spectrograms, as well as data in Tables 2 & 3, reveal the
following differences between SEP1 and SEP2: (1)
different song phrasing (A1-B1-C1 versus A2-B2-C2D2); (2) different inter-unit gap durations (for A-B
and B-C gaps); (3) the occurrence of precursors to different song units (pre-C1 in SEP1; pre-A2 and preD2 in SEP2); (4) different frequency and duration
characteristics of song units (A1 versus A2; B1 versus
B2; C1 versus C2); (5) different phrase durations (34 s
for SEP1 versus 59 s for SEP2).

Endang Species Res 23: 241–252, 2014
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Fig. 4. Balaenoptera musculus. Plot of average peak frequency vs. duration of (a) blue whale song units and (b) unit precursors
for SEP1 (in black) and SEP2 songs (in red). Bars indicate total range of values. Song units and unit precursors are marked as
A, B, C, D, E. Unit precursors are marked as pA, pC and pD

Comparison of SEP songs with previous studies
In order to classify the SEP songs recorded here,
we compared them to other blue whale songs described in the literature, in particular for the same
study area by Cummings & Thompson (1971), and
for the ETP by Stafford et al. (1999b). Overall, SEP1
and SEP2 phrases and individual units were more
similar to each other than to any other blue whale
song described for regions outside the SEP and the
ETP; no song types currently attributed to blue
whales in Antarctica (Širović et al. 2004) or elsewhere (e.g. McDonald et al. 2006) match the songs
reported here.
When comparing our song measurements (Tables 2
& 3), and the spectrograms for SEP1 (Fig. 2c) and
SEP2 (Fig. 2d), with the previously recorded songs by
Cummings & Thompson (1971; Fig. 2a) and Stafford
et al. (1999b; Fig. 2b), we found that SEP1 matched
with the song described by Cummings & Thompson
(1971) for the Corcovado Gulf and also matched
‘variant 1’ in Stafford et al. (1999b) from the ETP.
SEP2 matched ‘variant 2’ reported by Stafford et al.
(1999b) from the ETP.

DISCUSSION
The proper characterization and classification of
song type is essential given the implications of song
type in defining acoustic groups of blue whales. This
analysis is particularly relevant given the current

availability of fixed passive acoustic technologies that
provide long-term data sets. These can be used to
examine patterns of song type overlap in space and
time that may reflect the seasonal passage of different
acoustic groups through the same habitat (e.g.
Stafford et al. 1999a, 2001, 2011, Samaran et al. 2010,
2013).

Blue whale song types and variants
In the literature, a single population, or acoustic
group, of blue whales has been known to produce
phrasing variations of 1 basic song type (e.g. Stafford
et al. 2001, Oleson et al. 2007), but not to produce
more than 1 distinct song type (i.e. with a completely
different set of units). Song type characteristics are
believed to remain relatively stable over a 40 yr
period (McDonald et al. 2006). A variant of a song
type is a song made up of a majority of the same song
units (with matching peak frequency, duration and
modulation characteristics) but with different phrasing, e.g. A1-B1-A1-B1 and A1-B1-B1-B1. These kinds
of variants can be observed in songs produced by
blue whales in the Northeast Pacific (Stafford et al.
2001, Oleson et al. 2007). It remains unclear whether
these variants are caused by individual or some other
source of variation. Based on limited observations,
individual variation has been documented within
blue whale song types, although it appears to be minimal relative to the variation among song types
(McDonald et al. 2006 and references therein).
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The 2 song sequences (patterned phrases and individual units) presented here are much more similar
to each other than they are to song types from other
geographic locations, e.g. Antarctica (Širović et al.
2004). However, there are distinct differences between SEP1 and SEP2, which are also apparent. The
SEP1 song phrase consists of only 3 units while the
SEP2 song phrase is made up of 4 units; the SEP2
phrase is roughly twice as long as the SEP1 phrase;
lastly, units in each song are largely distinct from one
another in peak frequency and duration, with the
exception of B1 being similar to A2 and pre-C1 similar to pre-D2. At this stage, given the small sample
size, particularly in the case of SEP1 (n = 5), it is not
possible to determine whether these 2 songs are variants of each other or are altogether different song
types. However, a clearer case of a variant, possibly
due to individual variation, is that of SEP2, with the
inclusion of additional end unit E2 in only 4 phrases,
while the other phrases only had units A to D. Thus,
A2-B2-C2-D2 and A2-B2-C2-D2-E2 phrasing can be
considered variants of the SEP2 song. Continuous
data and greater sample sizes of song phrases will be
needed to clarify this issue.

SEP blue whale song classification
The 1970 recording of a song sequence from 2 blue
whales at the entrance of the Corcovado Gulf by
Cummings & Thompson (1971) is the only description
of the SEP blue whale song up until now and is considered the only characteristic song type for SEP blue
whales in the literature (Stafford et al. 1999b, McDonald et al. 2006). This song was later recorded on
a fixed hydrophone in the ETP (8° S 95° W) during
March to August, the austral winter (Stafford et al.
1999b). These authors also recorded another song,
which they classified as a variant (‘variant 2’) of the
song recorded by Cummings & Thompson (1971).
Here, based on our analysis of the frequency characteristics of song units and song unit precursors, and
the temporal characteristics of song phrases and song
units of the song sequences produced by blue whales
that feed in the Corcovado Gulf, we distinguished 2
songs, which we named SEP1 and SEP2. This adds a
new song to the repertoire of blue whales in Chile.
Based on the detailed comparison of SEP1 and SEP2
with the previous songs recorded by Cummings &
Thompson (1971) and Stafford et al. (1999b), we conclude that SEP1 is the same song reported by Cummings & Thompson (1971), and SEP2 is variant 2
reported by Stafford et al. (1999b).
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The small sample size for SEP1 (n = 5) makes song
sequence characterization based on this study alone
problematic, but we believe that its similarity to reports by Cummings & Thompson (1971) and Stafford
et al. (1999b), which both document its existence,
supports the robustness of our classification. We recognize that the high levels of low-frequency noise in
our recordings may have affected quantitative song
unit measurements due to poor SNR. For some sounds,
high noise levels at low bandwidths (0−25 Hz) meant
that any potential peak frequency of units at these
lower bandwidths could not be measured (e.g. SEP2
in Fig. 2d) or that the measurements of duration of
less intense song units were highly variable, like unit
A in SEP2 (Table 3). However, there is no reason to
believe that these quantitative measurement errors
were sufficiently consistent in magnitude or direction
to systematically bias the results enough to render
the obvious distinctions between the 2 songs spurious. Furthermore, it is the case that different sample
rates could have affected comparisons with data
described in previous studies. The Stafford et al.
(1999b) data were sampled at a very low sample rate
(100 Hz, versus 96 kHz in our study) such that the
bandwidth was only 0.1 to 40 Hz and therefore many
of the elements that help to characterize the 2 songs
in our study were not recorded by those authors.
We attempted to mitigate this by decimating our
data and the data of Cummings & Thompson (1971)
to a sample rate of 100 Hz for visual comparison
(Fig. 2).

High-frequency song unit precursors
The occurrence of short (~1 s), higher frequency
(> 350 Hz) precursors to unit C1 in SEP1 and to units
A2 and D2 in SEP2 (Fig. 3a,b), is noteworthy since
they have seldom been reported in the literature and
lie well above the frequency ranges generally reported for blue whales. These sounds may have been
often overlooked in previous analyses or missed by
low sampling rates. However, Cummings & Thompson (1971, p. 1195) did mention the occurrence of ‘a
0.5- to 1-sec pulse of about 390 Hz’ prior to the start
of unit C1 in the SEP1 song; McDonald et al. (2001)
also reported a high-frequency precursor to unit B in
the blue whale song recorded off California. These
precursors were useful in distinguishing between
SEP1 and SEP2 in this study; we therefore recommend that sufficient sample rates (>1 kHz) be used
and these sounds be reported in future blue whale
song studies to enable more robust classification.
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SEP2: a new song described for SEP blue whales
We describe 2 songs, SEP1 and SEP2, the latter of
which was largely predominant with 62 phrases
recorded compared with 5 phrases of SEP1. In the
Chiloense Ecoregion, only SEP1 had been previously
described (Cummings & Thompson 1971), so the
present study is the first to describe the SEP2 song in
the Chiloense Ecoregion. The song type was previously described as ‘variant 2’ in the ETP by Stafford
et al. (1999b), who attributed it to southern blue
whales based on its seasonality, i.e. higher call intensities during the austral winter. Our recording of
SEP2 much farther south of the ETP confirms this
interpretation. We propose that it be considered as
part of the SEP blue whale repertoire for future
acoustic studies in this region. These findings also
suggest that most blue whales using the Corcovado
Gulf feeding area in the austral summer use the SEP2
song and not the SEP1 song, although a longer data
set will be necessary to confirm this.

An acoustic link between the ETP
and the Chiloense Ecoregion
The occurrence of SEP1 and SEP2 in the Corcovado Gulf (Cummings & Thompson 1971, this study)
and in the ETP (Stafford et al. 1999b) establishes an
acoustic link between the Chiloense Ecoregion and
the ETP, which suggests that the same group(s) of
blue whales migrate between these 2 locations.
Stafford et al. (1999b) recorded both songs in
roughly equal proportions at a fixed hydrophone
array in the ETP, at 8° S, 95° W, but rarely above the
Equator. Both songs displayed a clear, similar, seasonal pattern: significantly more frequent calling
between late January and the end of August, indicating that at least a proportion of SEP blue whales
migrate south from the ETP during the austral summer. Unfortunately, the inherent limitations of our
sampling method mean that it was not possible to
determine the temporal and spatial distribution patterns of SEP songs. Satellite tagging data suggest
that some proportion of the animals that feed in the
Corcovado Gulf during the austral summer travel
north to spend the winter in the ETP (Hucke-Gaete
2004). However, sighting data (Findlay et al. 1998),
as well as some recent records (Abramson & Gibbons 2010, Försterra & Häussermann 2012), have
documented the presence of blue whales in the
Chiloense Ecoregion until the beginning of July. It
is still unclear, therefore, whether some blue whales

remain year-round in the Chiloense Ecoregion or
whether some whales start to migrate out of the
area later in the year, past the month of July. Until
we have year-round acoustic data from fixed
hydrophone systems and sighting data for the feeding sites in the Chiloense Ecoregion (e.g. Corral,
Northeast Chiloe, Corcovado Gulf), it will be difficult to fill these knowledge gaps.

Blue whale acoustic groups
The overlap of distinct song types temporally
and/or spatially is not uncommon in blue whales, and
it is thought to reflect the seasonal passage of different acoustic populations through different areas. In
the North Pacific, one song type has been recorded in
the Northeast Pacific, and a different song in the
Northwest Pacific, both with similar seasonal variations, but largely spatially distinct (Stafford et al.
2001). These songs overlap in space and time in the
Gulf of Alaska (Stafford 2003), and both occur in the
central North Pacific but not at the same time
(Stafford et al. 2001). In the Indian Ocean, where
multiple acoustic populations exist, the overall distribution of song types suggests that, although these
acoustic populations have some limited overlap, they
do mostly have distinct ranges (Alling et al. 1991,
McCauley et al. 2000, Samaran et al. 2013). In some
cases, where different song types overlap spatially,
recorded at the same fixed location, they displayed
largely different seasonalities and proportions of
occurrence, as seen in the ETP where both Northeast
Pacific and SEP blue whale songs have been recorded
(Stafford et al. 1999b).
In this study, the possible occurrence of 2 song
types, as opposed to 2 variants, in the Corcovado
Gulf could indicate (1) the presence of 2 distinct blue
whale acoustic groups that exploit this feeding area
at similar times of year, but have different distributions (e.g. onshore or offshore), seasonal residencies
and migration routes; or (2) the presence of one
acoustic group with higher levels of song type variation than have been previously described for a single
population of blue whales, for example due to individual variation or different behavioural contexts. In
the ETP, both SEP1 and SEP2 were recorded with
similar seasonality (austral winter) according to
Stafford et al. (1999b), which suggests common migration and thus that both songs could stem from the
same population. The similarities between the song
units of SEP1 and SEP2 could suggest their evolution
from a common stock source. Given the limited tem-
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poral and spatial coverage of our acoustic data, and
the lack of integrated photo-identification and genetic
data for these animals, it is unclear how these 2 songs
reflect population structure.

CONCLUSIONS
These data from the austral summers of 2008, 2009
and 2011, which include the data reported by Buchan
et al. (2010), are the first recordings of blue whales in
the Chiloense Ecoregion of Southern Chile since
1970 (Cummings & Thompson 1971). Two distinct
songs emerged from our analysis that should be used
to monitor the temporal and spatial distribution of
SEP blue whales in future passive acoustic studies.
SEP1 matched the song described by Cummings &
Thompson (1971) recorded at the entrance of the
Corcovado Gulf, although we only recorded this song
on 1 day throughout our 3-summer study period. The
SEP2 song, on the other hand, was much more common, recorded on multiple days during all 3 summer
seasons. Our report of SEP2 adds a new song to the
current description of the SEP blue whale repertoire.
Our findings suggest that most blue whales using the
Corcovado Gulf feeding ground during the austral
summer use the SEP2 song and not the SEP1 song.
Both SEP1 and SEP2 songs were recorded by Stafford
et al. (1999b) in the ETP. This acoustic link suggests a
north−south migration of SEP blue whales between
Chile and the ETP.
Given the importance of song type studies in
defining acoustic groups of blue whales, by characterizing the songs of SEP blue whales, our findings
open up questions for future passive acoustic
research on SEP blue whales. Future studies should
focus on the use of fixed passive acoustic techniques
that provide greater spatial and temporal coverage
in order to answer certain key questions: (1) Are
these SEP songs sufficiently different to be classified
as different song types or are they variants of each
other? (2) How do SEP blue whale songs overlap in
space and time within the Chiloense Ecoregion
feeding ground and the wider SEP region? (3) How
do these songs relate to SEP blue whale population
structure? Answering these questions will bring us
closer to resolving the issue of population identity,
distribution and movements of endangered SEP
blue whales. Moreover, whale song studies will
need to be integrated with photo-identification,
genetics studies and satellite tracking, due to likely
mixing of groups in the Chiloense Ecoregion and
the SEP.
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