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The Burmeister’s porpoise, Phocoena spinipinnis, is one of the seven species of Pho-
coenidae described to date (Committee on Taxonomy 2016). Endemic to South
America, it inhabits coastal waters from North Peru (05°01’S) on the Pacific coast
to South Brazil (28°48'S) on the Atlantic coast, with Cape Horn (56°S) being the
southernmost limit of its distribution (Brownell and Praderi 1982, 1984; Goodall
et al. 19952; Brownell and Clapham 1999; Reyes and Van Waerebeek 1995;
Molina-Schiller e @/. 2005). Although the species is mainly coastal (Goodall ez /.
19950), it has been recorded occasionally in offshore waters (Goodall ez «/. 19956,
Brownell and Clapham 1999) and is frequently found in bays, narrow fjords, and
river mouths (Aguayo 1975, Goodall ez z/. 19955).

In Tierra del Fuego, Argentina, the occurrence of these porpoises was reported
(by stranding and sightings) both, on the Atlantic coast and in the Beagle Channel.

1Corresponding author (e-mail: marumelcon@gmail.com).
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Figure 1. Map depicting Tierra del Fuego and zoomed in the Beagle Channel. The
two black stars represent the two sites in which Burmeister’s porpoises were recorded.
Dashed line indicates search area.

In Lapataia and Ushuaia bays (Fig. 1) several sightings have been recorded year-
round since the 1990s, indicating a resident group in the Beagle Channel (Goodall
et al. 1995b, Tezanos Pintos et a/. 2000). Although very common in this area, rough
weather precludes their sightings (Beaufort scale >2). Their undisturbed swimming
behavior, the long, fast, and erratic submersions, and the low dorsal fin make it dif-
ficult to see them especially in poor weather conditions (Goodall ez #/. 19956,
Tezanos Pintos ez al. 2000).

During the last decade, passive acoustics has become a powerful tool to detect
and monitor cetaceans (Moore et /. 2006, Mellinger ez /. 2007, Gallus er 2/. 2012,
Jaramillo-Legorreta ez /. 2016). Acoustic data can be obtained using dropped and/
or towed hydrophones, as well as autonomous recording packages. With the latter it
is possible to continue recording at night or in poor weather. In addition, this
method often offers a larger detection range compared to visual surveys (Akamatsu
et al. 2001, Barlow and Taylor 2005). The advantages become even more important
in species that are difficult to spot or are critically endangered (Rojas-Bracho ez a/.
2006; Rayment et «/. 2009, 2011; Gallus e /. 2012; Jaramillo-Legorreta ez al.
2016). The fact that Burmeister’s porpoise is listed as “Data Deficient” by the



NOTES 3

TUCN due to the lack of information about population sizes and trends (Hammond
et al. 2012) makes it an important species to be monitored by passive acoustics to
determine its conservation status. In this context, the goal of this study is to charac-
terize the clicks of wild Burmeister’s porpoises recorded in a resident population in
the Beagle Channel, Argentina.

Sounds of some species of phocoenids such as Indo-Pacific finless porpoise, Neo-
phocaena phocaenoides (Kamminga er a/. 1986, Li er al. 2007), Dall’s porpoise, Phocoe-
noides dalli (Basset et al. 2009, Kyhn er 2/. 2013), harbor porpoise, Phocoena phocoena
(Villadsgaard ez a/. 2007, Kyhn e 2/. 2013), and vaquita, Phocoena sinus (Silber
1991) have been described in the wild previously. The acoustic signals of all these
species consisted of narrow band high-frequency (NBHF) clicks. These clicks are
normally defined by a peak frequency over 120 kHz with no spectral energy below
100 kHz, long durations with a high number of oscillations and a half-power (—3
dB) bandwidth around 15 kHz (Madsen ¢# #/. 2005, Kyhn e /. 2010). Other spe-
cies known to produce such clicks include members of the genus Cephalorhynchus
and two species of the genus Lagenorhynchus (australis and cruciger) (Kyhn et a/. 2009,
2010; Gotz et al. 2010; Morisaka ez a/. 2011; Reyes Reyes et a/. 2015), the pygmy
sperm whale, Kogia breviceps (Madsen et /. 2005), and the franciscana, Pontoporia
blainvillei (Melcon et al. 2012). However, no information on sounds produced by
Burmeister’s porpoise is available to date.

Acoustic recordings of Burmeister’s porpoises were made on 2—3 January 2017 in
the Beagle Channel, Tierra del Fuego, Argentina (Fig. 1). The recording device con-
sisted of an omnidirectional hydrophone Reson TC-4033 (Teledyne RESON Inc.,
Thousand Oaks, CA; http://www.teledyne-reson.com/product/tc-4033/), and a
custom-built preamplifier. All components were embedded in a polyurethane tube
filled with mineral oil, which matches the acoustic impedance of the sensors with
that of seawater. Signals were digitized with a resolution of 16-bits and 500 kHz
sample rate using an Avisoft Ultrasound-Gate USB 116 (Avisoft Bioacoustics e.K.,
Glienicke/Nordbahn, Germany). Field work was done with a semirigid boat and
each time the animals were sighted, the engine was turned off and the hydrophone
deployed into the water to a maximum depth of 10 m. Recordings were made under
calm sea state (Beaufort scale <2), and at depths between 50 m and 70 m. No other
cetaceans were sighted nor acoustically detected at any time during the field work.

Spectrograms and waveforms of the sound files were visually scanned using the
Matlab-based (Mathworks, Natick, MA) custom software Triton (Wiggins and Hil-
debrand 2007), and the occurrence of click trains was logged. The inverse of the
transfer function of the hydrophone and preamplifier was applied to correct the
received levels according to the sensitivity. After manual inspection of other types
of vocalizations, the presence of click trains were logged and then a semiautomatic
detector was used to detect and extract NBHF clicks with signal-to-noise ratio
(SNR) equal or higher than 20 dB as described in Reyes Reyes ez «/. 2015. Less than
1% of the detections were false positives, 7.¢., were classified as a NBHF click but
the signal was not actually a click. The spectral characteristics of clicks were quanti-
fied for the 300 us following the start of each click by calculating a 256-point fast
Fourier transform (FFT), rectangular window, and a fourth-order Butterworth band-
pass filter between 20 kHz to eliminate the low frequency noise and 240 kHz. For
each click, the following parameters were calculated according to Au (1993): peak
frequency, centroid frequency (defined as the frequency dividing the spectrum in
two halves of equal energy), —10 dB bandwidth (defined as the bandwidth at 10
dB points below the maximum intensity), —3 dB bandwidth (defined as the
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bandwidth at 3 dB points below the maximum intensity), Q_sqp (defined as the
centroid frequency divided by the —3 dB bandwidth), and 10 dB duration (defined
as time differences between the end points that were 10 dB lower than the peak
amplitude of the envelope of the pulse waveform). The signal envelope was gener-
ated by taking the absolute value of the waveform after applying the Hilbert trans-
form function (Au 1993, Madsen and Wahlberg 2007). Since the signals had all
their energy above 100 kHz, a bandpass filter between 100 kHz and 240 kHz was
used to calculate the centroid frequency. Interclick interval (ICI) was calculated as
the difference between the start time of a click and the start time of the previous
one. Because of the skewed distribution of the data, the median of each parameter
with the quartile deviation (QD, defined as the difference between percentile 75th
and 25th divided by two) and percentiles 10th (P10) and 90th (P90) are reported
within the text as median = QD [P10 P90}. However, for comparison purposes, the
mean = standard deviation and the range are reported in Tables 1 and 2. All analy-
ses and signal processing were performed with custom-written scripts in Matlab.

Vocalizations from Burmeister’s porpoises were recorded on two days. On the first
day of recordings, porpoises were observed four times (three sightings of single indi-
viduals, and one of a group of four individuals), whereas on the second day only one
group of five animals was sighted. A total of 163 min of acoustic recordings was
obtained, out of which 35 min contained click trains (Fig. 2) produced by the
porpoises.

Manual inspection of the time series and spectrograms did not provide any indi-
cation of other acoustic signals in the frequency range recorded other than NBHF
clicks in presence of Burmeister’s porpoises. A total of 481 clicks were extracted and
analyzed in this study. The time series of a representative click and median spec-
trum of all the analyzed clicks is depicted in Figure 3. Clicks were NBHF with a
median —3 dB and —10 dB bandwidth of 8 £ 0 [6 10} kHz and 14 =4 [10 211}
kHz, respectively, and a 10 dB duration of 133 = 2 {131 162} us. The signals had a
median centroid frequency at 144 =5 [138 157} kHz, and peak frequency at
135 £ 2 {133 164} kHz, with a subdominant peak frequency around 170-
180 kHz. The median Q_ 345 was 21 = 2 {16 28}.

Clicks were emitted with a median ICI of 51 = 26 {34 114} ms (Fig. 4). Also,
trains of burst pulses consisting of series of NBHF clicks with very short ICIs (<5
ms) were recorded. Given the very low SNR, these burst pulses were excluded from
further analysis.

The present study represents the first published characterization of sounds pro-
duced by Burmeister’s porpoises. This species produces NBHF clicks as all the other
members of the Phocoenidae family, the exception being the spectacled porpoise
(Phocoena dioptrica), whose acoustic repertoire remains unknown. Predation pressure
from killer whales (Orcinus orca) is considered one of the main factors that has driven
convergent evolution of NBHF clicks in porpoises, some small coastal dolphins and
the pygmy sperm whale (Madsen ez #/. 2005, Morisaka and Connor 2007). These
signals have no energy below 100 kHz, which is the upper limit of audition of killer
whales (Szymanski ez 2/. 1999, Branstetter ez a/. 2017). Except for the species of the
genus Neophocaena, which produce clicks with lower peak frequency and lower
Q—3qp value, the remaining species of porpoises produce signals rather similar
(Table 1). However, slight differences can be found among different species or even
between different populations of the same species related to habitat (Kyhn ez /.
2009) or character displacement in sympatric species (Kyhn ez @/. 2013). Kyhn ez a/.
(2013) compared click parameters for Dall’s porpoises in British Columbia, and two
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Figure 2. Spectrogram of a representative click train of a Burmeister’s porpoise swim-
ming freely in the Beagle Channel (1,024-point FFT, 0% overlap, 0.5 kHz frequency
resolution, 0.002 s time resolution).

populations of harbor porpoises, one from British Columbia, and the other from
Denmark. They found acoustic differences between the two sympatric NBHF spe-
cies sharing the same habitat in British Columbia, and also acoustic differences
between the clicks of the same NBHF species recorded in two different habitats.
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Figure 3. (a) Normalized time series of a representative click. (b) Normalized median
spectrum of all clicks analyzed (20-240 kHz bandpass filter, 256-point FFT, 500 kHz
sampling frequency, rectangular window, 2 kHz frequency resolution).
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Figure 4. Histogram of interclick interval (ms) of 282 clicks recorded from Burmeis-
ter’s porpoises in the Beagle Channel. Clicks were emitted with a median ICI of 51 * 26
ms.

Table 1 shows that Burmeister’s, Dall’s, vaquita, and harbor porpoises all produce
clicks with similar peak frequencies. Centroid frequency of Burmeister’s porpoises’
clicks was more similar to that of harbor porpoises in British Columbia with respect
to the other species of porpoises (Table 1). They also share similar —3dB bandwidth
and Q_sgp values. As occurs in British Columbia with marine mammal-eating
killer whales, in the Beagle Channel killer whales have been registered feeding on
marine mammals (Goodall ez #/. 2007), thus Burmeister’s porpoises might also
obtain acoustic crypsis by producing NBHF clicks that cannot be heard by killer
whales.

Because of uncertainties in the position of the animals relative to the hydrophone,
it was not possible to estimate source levels of the clicks. The use of a single hydro-
phone restrained distinction between on- and off-axis clicks. NBHF clicks are
highly directional signals and suffer distortions in the temporal and spectral domain
as the angle with respect to the animal’s head increases (Au 1993). Thus, as in this
study clicks from different angles were pulled together for the analysis, this could
explain the higher ranges observed in the parameters estimated for Burmeister’s por-
poises’ clicks and higher duration with comparison to other species of porpoises
(Table 1).

A secondary peak at high frequencies had been reported before for captive Com-
merson’s dolphins, Cephalorhynchus commersonii, and finless porpoises (Kamminga
and Wiersma 1982, Kamminga ¢ /. 1986), and wild Commerson’s dolphins in
Santa Cruz province, Argentina (Reyes Reyes ez z/. 2015). For wild Commerson’s
dolphins, the authors described three clusters of clicks based on their peak frequency
and —3 dB bandwidth. One of the clusters comprised a small proportion of clicks
which were described with a median peak frequency at 173 kHz. In this study, we
also observed that a few clicks of Burmeister’s porpoises had the peak frequency
higher than 160 kHz (Fig. 5).

More recordings with a higher SNR would be necessary to characterize temporal
and spectral parameters of burst pulses produced by the species, as well as to analyze
whether this species produces different sounds under different behavioral contexts.

Given the average wind speed within the Beagle Channel of about 30 km/h
(Balestrini ez /. 1998) and the cryptic behavior of this species, passive acoustic mon-
itoring is potentially useful not only to improve the knowledge of its occurrence in
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Figure 5. Histogram of peak frequencies of 481 clicks recorded from Burmeistet’s por-
poises in the Beagle Channel. Median peak frequency was at 135 * 2 kHz, with a few
clicks showing peak frequencies higher than 160 kHz.

the area but also to assess abundance estimates in different populations of South
America. Many NBHF species can be found along the Southern coast of Argentina
and Chile, such as Commerson’s dolphins, Chilean dolphins, Cephalorbynchus eutro-
pia, Peale’s dolphins, Lagenorhynchus australis, hourglass dolphins, L. cruciger, and
Burmeister’s porpoises (Aguayo-Lobo ez @/. 1998; Goodall ¢z /. 2008; Dellabianca
et al. 2012, 2016). The spectacled porpoise is also distributed in these areas (Goodall
2008, Goodall ¢z /. 2008) and it is expected to produce NBHF clicks as every other
species of porpoises. This poses a big challenge given the similarities found between
the sounds produced by these species (Table 2). Most of the advantages offered by
passive acoustics are diminished if the discrimination of their acoustic signals is not
accurately achieved. Some authors observed that slight differences can be found
among the centroid frequencies in clicks produced by Peale’s and Commerson’s dol-
phins (Kyhn ez /. 2010) and between Dall’s porpoises, British Columbia harbor
porpoises, and Danish harbor porpoises (Kyhn ez 2/. 2009). This criterion allowed
the classification of these NBHF species with a high level of confidence. As shown
in Table 2 and stated by Kyhn and colleagues (2009, 2010), although NBHF clicks
are highly stereotyped, small differences between source parameters can be used to
classify acoustic signals of the mentioned species. However, further research is
needed to provide a more detailed characterization of the signals and establish
ground knowledge for future application of passive acoustic monitoring of sympa-
tric NBHF species. Incorporating other parameters as well as implementing data-
loggers with sufficient frequency resolution could serve to resolve small differences
among these signals. However, an appropriate characterization of the acoustic sig-
nals is the first step to applying passive acoustic methods to increase the knowledge
about Burmeister’s porpoises and their conservation status.
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