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Dwarf minke whales
(Balaenoptera acutorostrata)
acoustic signals from the South
Atlantic Ocean
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2Programa de Pos-graduacao em Oceanografia, Faculdade de Oceanografia, Universidade do Estado
do Rio de Janeiro (UERJ), Rio de Janeiro, Brazil
At present, there are still populations of different balaenopterids that have never

been acoustically recorded and observed simultaneously. In an opportunistic

sighting of dwarf minke whales during winter in southeastern Brazil, we have

registered six individuals and recorded over 200 acoustic signals. Signals were

quantified and had their acoustic parameters extracted; the calling rate was

estimated as the number of sounds per minute, and the repetition rate was

estimated as the number of calls of the same type emitted per minute. Four call

types were described: Ba1, Ba2, Ba3 and Ba4. The most common and distinctive

call was the Ba1, composed of three components: one had a peak frequency of

615.0 ± 189.8 Hz, and the other had peak frequencies of 1632.0 ± 191.5 and

5038.2 ± 195.1 Hz. Ba1 repetition varied from 2.4 to 11.1 repetitions/min. Ba2 was

the second most common call with a peak frequency of 485.2 ± 421.9 Hz. The

total calling rate varied from 4.4 to 11.1 calls/min. The signals are in the same

frequency range reported for other areas but contain different structures.
KEYWORDS
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1 Introduction

The dwarf minke whale, Balaenoptera acutorostrata, is a smaller form of the common

minke whale that inhabits the waters of the Southern Hemisphere alongside the Antarctic

minke whale, Balaenoptera bonaerensis (Perrin et al., 2018). Dwarf minke whale

distribution covers the entire hemisphere, with most records coming from stranding

data on the coasts of Brazil, South Africa, Chile, and Australia (Risch et al., 2019). In the

Southwestern Atlantic Ocean, the majority of strandings occur during the winter, even
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though there are records in all seasons, and mostly between 33.45 ˚S

and ˚22.93 S (Milmann et al., 2020). They have been sighted on

500m deep waters mostly during spring in the continental slope

area (Di Tullio et al., 2016) and engaging in feeding behavior in an

upwelling environment during summer (Hassel et al., 2003).

However, live observation is still rare and underreported.

Minke whale sounds include pulse trains, down sweeps, and

variable pulsed signals (Mellinger et al., 2000; Rankin and Barlow,

2005; Dominello and Sirović, 2016; Filun et al., 2020). Singing

whales have been recorded in the Southern Hemisphere through

passive acoustic monitoring in different areas. Signs attributed to

minke whales were registered throughout the year in the South

Pacific, where it peaked during July (Buchan et al., 2020). In the

South Atlantic Ocean, signals attributed to minke whales are

identified as produced by B. bonaerensis (Rossi-Santos et al.,

2022; Filun and van Opzeeland, 2023). Complex sounds produced

by dwarf minke whales have been recorded and characterized in

Australian waters (Gedamke et al., 2001; Risch et al., 2019). Still,

there is a large gap in our knowledge of the acoustic repertoire of

this species throughout its distribution.

This study aimed to describe the acoustic signals

opportunistically collected during an encounter with dwarf minke

whales in a Southwestern Atlantic Ocean coastal area.
2 Method

The present study was an opportunistic observation of a single

encounter with a group of dwarf minke whales during regular field

surveys for cetacean sightings in Ilha Grande Bay, southeastern

Brazil (Supplementary Figure 1 from the Supplementary material).

Field surveys have occurred consistently since the year 2016 to

register and monitor cetacean species in the area. There are no

records in the literature of this species sighting in the area, and after

the encounter, they have not been observed again since (Lailson-

Brito et al., 2020).

The sighting occurred during a field survey on July 19th, 2022,

with an outboard-powered boat of approximately 30 ft, and it lasted

from 07:00 to 14:00. The first minke whale sighting occurred at

approximately 09:00, and the monitoring continued until around

12:00 when the individuals started to disperse and spread over a

large area. The local depth was about 30 m, approximately 9 km

from the coast (23.09200 S, 44.47700 W). One group of minke

whales was sighted; they were identified as the dwarf form of

Balaenoptera acutorostrata due to their dorsal dark gray and

ventral white coloration patterns (Figure 1), but especially the

white patch on each flipper visible even from above the surface

(Jefferson et al., 2011).

The total number of whales in the field was six individuals.

Visually comparing the animals size to the length of the survey boat,

their total lengths were estimated to be around 7 m long, suggesting

they were all adult individuals. During the observation time, the

animals swam, interacting with each other. On one occasion, the six

whales moved cohesively together nearby, but most of the time, the

group was dispersed, interacting with three individuals. The

Supplementary Material has a short video (S1) comprising aerial
Frontiers in Marine Science 02
and underwater footage of the minke whales, taken through an

unmanned aerial vehicle and a GoPro during the sighting.

During visual observation, underwater acoustic recordings were

conducted. The recording equipment consisted of a digital recorder

model SM4BatFS coupled to a hydrophone model HTI-99-UHF,

the sampling rate was set at 192 kHz, and the recorder was

scheduled to make continuous recordings of 2-minute files at a 0

dB gain. The hydrophone was kept at approximately four meters

below the surface. During this period, the boats engine and the echo

sounder remained turned off so they would not interfere with the

recording. The total recording time was 40 minutes, broken into

three sections: from 10:22 to 10:36 (00:17:00 duration), from 10:42

to 11:00 (00:17:44 duration), and from 11:25 to 11: 11:31 (00:06:25

duration). The intervals were due to relocating the boat to better

observe the animals and obtain closer recordings. Within the

recording time, there were moments in which the animals were

so close that they swam beneath the boat and moments when they

were further apart, but we estimate that during recordings, there

were always at least three whales within a 500 m radius of the

hydrophone. Due to our limitation of a single hydrophone, it was

not possible to determine which whale was responsible for each call

and the exact distance between individuals and the hydrophone.

Recordings were down-sampled to a 16 kHz sampling rate to

obtain higher resolution at lower frequency bands. Sound analyses

were performed with Raven Pro 1.6 (Cornell Lab of Ornithology,

2023), where spectrograms of 512 Hann window and 75% overlap

were manually inspected to search for acoustic signals by an

experienced observer. The acoustic environment of Ilha Grande

Bay has been under regular monitoring since 2016 (Bittencourt

et al., 2020; Lailson-Brito et al., 2020) as part of acoustic studies

conducted along the Rio de Janeiro state coast since 2011. In the

recording, there were sounds identified as produced by fishes, due to

their characteristic pulsed and rhythmic nature, and due to having

been previously encountered at other sites in the bay where

soniferous fish species are typically encountered (Bittencourt

et al., 2020). Constant noise from the shipping lane and ship

mooring areas adjacent to the recording sites was also present,
FIGURE 1

Underwater image of a dwarf minke whale highlighting the white
patch on the flipper, taken during the sighting of a group of six
individuals at Ilha Grande Bay, southeastern Brazil on July
19th, 2022.
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which is common for this portion of the bay (Bittencourt et al.,

2020). All known signals, identified as being produced by fish or

machinery from man-made activities, were ignored in the analyses

while we searched for signals that could be attributed to the whales.

Upon encountering new signals that had not been previously

recorded in Ilha Grande Bay, we have separated these signals for

further inspection and compared to minke whale calls available in

the literature to compare frequencies and signal structure

(Gedamke et al., 2001; Rankin and Barlow, 2005; Risch et al.,

2019; Rossi-Santos et al., 2022; Filun and van Opzeeland, 2023).

Although there was no exact match, there were signals that had

significant similarities to calls recorded from dwarf minke whales in

Australia, as we explain in the discussion of this manuscript. These

were counted and classified into types named: Ba (for Balaenoptera

acutorostrata) + a number (indicating the order in which they first

appeared in the analysis).

The total calling rate was estimated by counting all sounds and

dividing by the total time of each of the three recording sessions,

providing us with an estimated number of calls per minute (calls/

min). During visual inspection of the spectrograms, it was observed

that signals were usually repeated within a short interval, so to

estimate the repetition rate, we counted calls of the same type. We

divided the total time of each recording session (repetitions/min),

and then we measured the time interval between each repetition.

Intervals were defined as the period between consecutive calls starts.

These estimations were performed with all calls with a precise start

time, even if they were not of high enough quality for acoustic

parameter extraction. This procedure was applied separately in each

recording session since these intervals could not be estimated

during the break between sessions.

These signals had varying apparent source levels, their energy

increasing and decreasing, as would have been expected from

animals swimming around our hydrophone. Calculating precise

source levels with a single hydrophone and multiple animals would

not be possible, so we measured the signal-to-noise ratio through
Frontiers in Marine Science 03
the SNR NIST Quick tool from Raven 1.6, and discarded sounds

with less than 15 dB of SNR. Then, if the signals had a start and end

that could be clearly identified, and if other calls did not overlap

them, their acoustic parameters were extracted: duration (ms),

minimum frequency (Hz), maximum frequency (Hz), delta

frequency (Hz), center frequency (Hz) and peak frequency (Hz).

Call types were regularly visually compared to signals available in

the literature to see if there were possible matches to sounds

previously reported by dwarf minke whales.
3 Results

A total of 222 acoustic signals in the recordings were attributed

to the whales, occurring mostly in four call types named Ba1, Ba2,

Ba3, and Ba4. The Ba1 call had the most distinct characteristics

because, in the majority of occurrences, it had three different parts

occupying different frequency bands: a low-frequency component

(LFC) composed of pulsed moans where three to four bands were

visible; and a high-frequency component (HFC) that had two to

four pulses and two to three tones. Ba2 was the second most

common type, composed of short burst pulses. Ba3 call type

occurred three times and Ba4 occurred only once, each. Figure 2

shows the observed types, and in the Supplementary Material

Supplementary Figures 2-4 show the different components of the

Ba1 call in detail.

During the three recording sessions, the calling rate varied from

4.4 to 6.7 calls/min, then to 11.1 calls/min respectively. As can be

observed in Table 1, the repetition rate of Ba1 followed this pattern,

increasing from the first session to the last while intervals decreased.

The overlapping of Ba1 calls also occurred in the second and third

sessions. In contrast, Ba2 repetitions decreased from the beginning

to the end of the recordings. It is possible that some of these

repetitions could not be counted due to noise masking and

overlapping of signals.
FIGURE 2

Dwarf minke whale call types and repetition sequences recorded in Ilha Grande Bay, southeastern Brazil: (A) two Ba1 signals, (B) a sequence of three
Ba2 signals, (C) Ba3, and (D) Ba4. Squares indicated the different components of Ba1, and arrows point to the other signals locations. Spectrograms
with 10s window scale and a 512-Hann window with 75% overlap.
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59 calls fit our analysis criteria (Table 2). We analyzed LFC and

HFC parts separately since Ba1 calls had multiple components with

varied structures. There was only one occurrence in which Ba1

contained only the LFC part and none in which only the HFCs

appeared alone. Still, many weak signals could not be analyzed, and

it is possible that whales emitted more varied combinations.
4 Discussion

Although the data reported here is from a brief encounter, the

calls we have described contribute to our constantly expanding

knowledge of the minke whale acoustic repertoire, emphasizing the

dwarf form from the southern hemisphere. The direct visual

observation concomitant to the recordings is not possible across

all studies, and this opportunity allowed us to identify new calls that

might have been otherwise discarded as artificial sounds. Minke

whale sounds are known for their strange aural characteristics

(Nieukirk et al., 2016), often like mechanical sounds. This is

exemplified by the boing sound (Rankin and Barlow, 2005)

produced by the regular form of B. acutorostrata in the North

Pacific, and by the “Star Wars” sound (SW) produced by the dwarf

form in the Great Barrier Reef area (Gedamke et al., 2001).

The complex structure of the Ba1 calls is rare and similar

sounds in the literature have been reported only twice: the SW
Frontiers in Marine Science 04
sound, described by Gedamke et al. (2001), and the Western Pacific

Biotwang (WPB), described by Nieukirk et al. (2016). The WPB was

recorded through autonomous recording and had no visual

confirmation of the source, but it is possibly a minke whale

sound (Nieukirk et al., 2016). Although these three sounds (SW,

WPB, and Ba1) are not exactly matched, they occupy similar

frequency bands and are a complex combination of pulses and

tones. The SW and the Ba1 are especially alike at the higher

frequency portion, in which the ‘A structure from SW and the

HFC pulses have similar spectral characteristics. Various factors can

influence intraspecific variation of acoustic signals. It can occur

from population to population, so we may observe a biogeographic

acoustic variation similar to the call differences of blue and pygmy

blue whales (McDonald et al., 2006), and the apparent

biogeographic variation observed in Antarctic minke whales in

the Weddel Sea (Filun and van Opzeeland, 2023).

The function of many whale calls is largely associated with

reproduction and feeding behavior (McDonald et al., 2006). Winter

is the most common season of baleen whale reproduction (Pomeroy

et al., 2018), and sounds attributed to minke whales typically peak

during this season in the South Pacific (Buchan et al., 2020) and in

the Antarctic (Filun et al., 2020). In this opportunistic study, we

could not classify the behavioral state during which the calls were

emitted. It is possible that this was a reproduction display, but many

of the balaenopterids behavioral displays are still unknown
TABLE 2 Mean ± standard deviation (median; minimummaximum) values of dwarf minke whale calls acoustic parameters recorded on the
Brazilian coast.

Call Types
Ba1_LFC
(n=39)

Ba1_HFC pulses (n=38) Ba1_HFC tones (n=38)
Ba2
(n=20)

Duration (ms) 1010.5 ± 97.5 (1005.0;
845.5-1250.0)

130.0 ± 55.5 (123.0; 35.0-396.0) 210.0 ± 32.8 (201.0; 170.0-345.0) 334.2 ± 225.0 (301.5;
144.5-1187.0)

Minimum
Frequency (Hz)

65.1 ± 6.6 (62.5; 50.0-80.2) 1399.4 ± 149.5 (1372.9;
1101.4-2125.0)

4941.6 ± 20.0 (4942.3;
4875.0-4975.0)

91.7 ± 44.1 (75.0; 49.4-243.6)

Maximum
Frequency (Hz)

736.0 ± 113.2 (787.5;
500.0-837.5)

3266.4 ± 326.2 (3211.1;
2974.7-4387.5)

5729.3 ± 51.5 (5725.0;
5662.5-5981.3)

852.1± 1000.5 (400.0;
271.6-4385.8)

Delta Frequency (Hz) 670.9 ± 113.8 (725.0;
437.5-768.7)

1867.1 ± 313.7 (1843.8;
1270.8-2975.0)

787.6 ± 57.8 (776.8; 687.5-1059.2) 760.4 ± 980.9 (331.2;
172.8-4264.0)

Center Frequency (Hz) 614.2 ± 138.2 (687.5;
296.9-781.3)

1908.3 ± 275.6 (1867.2;
1562.5-2625.0)

5028.0 ± 155.6 (4984.4;
4953.1-5687.5)

419.5 ± 215.9 (328.1;
156.2-843.7)

Peak Frequency (Hz) 615.0 ± 189.8 (750.0;
187.5-781.3)

1632.0 ± 191.5 (1570.3;
1390.6-2296.9)

5038.2 ± 195.1 (4984.4;
4937.5-5703.1)

485.2 ± 421.9 (335.9;
109.4-2015.6)
TABLE 1 Dwarf minke whale total calling rate and repetition rates for two call types (Ba1 and Ba2) recorded on the Brazilian coast.

Recording
session
(duration)

Calling
rate
(calls/
min)

Ba 1 repetition
rate
(repetition/
min)

Median (minimum-
maximum) Ba1 repetition
intervals (s)

Ba2 repetition
rate
(repetition/
min)

Median (minimum-
maximum) Ba2 repetition
intervals (s)

Session
1 (00:17:32)

4.4 2.4 8.1 (4.5 238.4) 2.1 6.9 (0.5 117.2)

Session
2 (00:17:44)

6.7 5.3 6.7 (0.9 39.8) 1.4 27.1 (0.6 214.1)

Session
3 (00:06:25)

11.1 11.1 4.1 (0.4 19.1) 0 0
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(Pomeroy et al., 2018). The animals could be feeding, but no fish

were visible in the water or the boats echosounder during the

moments it was on; no birds were diving or following the whales.

Although we have a limited sample size and time frame, our

findings add more range to the characteristics of known sound

emissions of Balaenoptera acutorostrata on the South Atlantic

Ocean, expanding the knowledge of this species. Those acoustic

signals had similar bandwidth, but some variation in structure from

those signals reported for dwarf minke whales in the Pacific Ocean.

Despite regular monitoring, this is the first record of dwarf minke

whales direct observation in Ilha Grande Bay. This is one of the less

noise-impacted environments in the Rio de Janeiro state coastal

area (Bittencourt et al., 2020). Still, the whales remained precisely

where there is a higher density of anchored and trafficking ships,

with shipping noise visible throughout and impacting all the

recordings. They overlapped with some frequency bands of both

Ba1 and Ba2 calls. It is beyond the scope of this study to evaluate if

shipping noise interfered with their behavior and communication.

This occurrence highlights the need to monitor and maintain the

acoustic preservation of the bay.
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