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sounds during trawling interactions

Francesco Di Nardo(®'™, Rocco De Marco(®?>, Alessandro Lucchetti?3 & David Scaradozzi(®**

Globally, interactions between fishing activities and dolphins are cause for concern due to their negative
effects on both mammals and fishermen. The recording of acoustic emissions could aid in detecting the
presence of dolphins in close proximity to fishing gear, elucidating their behavior, and guiding potential
management measures designed to limit this harmful phenomenon. This data descriptor presents a
dataset of acoustic recordings (WAV files) collected during interactions between common bottlenose
dolphins (Tursiops truncatus) and fishing activities in the Adriatic Sea. This dataset is distinguished by
the high complexity of its repertoire, which includes various different typologies of dolphin emission.
Specifically, a group of free-ranging dolphins was found to emit frequency-modulated whistles,
echolocation clicks, and burst pulse signals, including feeding buzzes. An analysis of signal quality
based on the signal-to-noise ratio was conducted to validate the dataset. The signal digital files and
corresponding features make this dataset suitable for studying dolphin behavior in order to gain a
deeper understanding of their communication and interaction with fishing gear (trawl).

Background & Summary

In recent years, the international scientific community has intensified efforts to better understand the interactions
between fishing activities and marine mammals in order to identify potential technical or management solutions'2.
The feeding behavior of dolphins causes them to interact intensively with small coastal fisheries operating
with passive nets (gillnets and trammel nets) and larger commercial vessels operating with bottom and pelagic
trawls!3. This interaction with fishing gear by cetaceans, particularly dolphins, may have implications for the
conservation of these marine mammals as well as negative economic and social repercussions for fishing opera-
tors. Specifically, cetaceans could (i) become entangled in nets while attempting to prey on fish that have already
been caught (bycatch); (ii) injure themselves by bumping into the nets or other components of the fishing gear,
which could have fatal consequences for the specimens concerned; and (iii) ingest pieces of the net during
depredation, which could result in fatal oesophageal or intestinal occlusions. In turn, cetaceans may impact
fisheries by (i) removing fish already caught from the nets; (ii) breaking nets in the attempt to catch fish**,
resulting in further economic losses due to the need to replace or repair the gear®; (iii) ruining the caught fish
by beheading or skinning them, thereby rendering them unmarketable; and (iv) scattering the fish in an area,
thereby reducing the fishery’s efficiency®. In the context of the Mediterranean, the common bottlenose dolphin
(Tursiops truncatus) is identified as the primary concern for the fishing industry?. This species is accustomed to
interacting with different types of gear used in commercial, artisanal, and recreational fishing and is capable of
developing advanced learning skills for fishing activities (i.e., selecting which vessels to follow, feeding on catch
lost during hauling, and/or scavenging discarded catch)>.

Assessing depredation events and identifying measures to sustainably mitigate the associated damage caused
or endured by dolphins requires an in-depth understanding of dolphins’ habits, movements, interactions with
nets, and communication between cetaceans (social life). Therefore, one of the primary goals of marine moni-
toring is the collection, storage, analysis, and interpretation of underwater bioacoustic signals®-®. Specifically, the
identification of spatial and temporal patterns in these acoustic signals could help characterize certain dolphin
living conditions®~!!. This applies in general, but especially to the description of the depredation event, in order
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Fig. 1 Image captured by a video camera positioned on the trawl net during the recording session. Yellow
circles highlight the presence of at least four dolphins.

to document the presence of dolphins in the vicinity of nets and increase knowledge of dolphin predation behav-
ior near fishing gear. Understanding the elements that drive interactions between dolphins and fishing activities
is essential for the development of effective mitigation strategies.

The acoustic repertoire of common bottlenose dolphins is characterized by a high degree of complexity
including vocal learning, i.e., the ability to tune and produce new vocalizations through experience, and vocal
mimicry, i.e., the ability to imitate sound patterns'?. This species typically emits three main types of acous-
tic signals: frequency-modulated whistles, echolocation clicks, and multiple burst pulse signals. Narrow-band
frequency-modulated whistles are typically interpreted as communication signals, and dolphin socialization
increases emissions!?. This type of emission is associated with activities such as individual identification, coor-
dination of group activities, and the organization of group movements. Typically, whistle characteristics are
quantified using standard parameters such as temporal duration and frequency content'®. Dolphins emit highly
directional echolocation click trains during navigation and hunting in order to detect, identify, and differ-
entiate objects and individuals of interest!®. Due to their high frequency of occurrence during echolocation,
these signals are typically analyzed to assess the daily and seasonal presence of dolphins in a given area'®. Burst
pulse sounds, on the other hand, consist of broadband pulses (mainly ultrasonic) with similar characteristics
to echolocation clicks. However, they differ from echolocation clicks in their frequency (which is lower) and
the duration of the intervals between clicks (which is shorter). Attempts to classify burst pulse sounds based on
behavioral context analysis are reported in the literature!’-'°. Nonetheless, researchers disagree on the interpre-
tation; therefore, this is still a matter of debate.

Although bottlenose dolphin emissions are extensively documented?, there is a dearth of literature that
focuses on the collection, analysis, and interpretation of signals during the interaction between these cetaceans
and fishing activities, notably during depredation. However, from an acoustic point of view, the analysis of the
depredation event could be particularly relevant, as it is characterized by long-duration interactions between
dolphins and fishing activities (and thus protracted activity), as well as a high density of animals and sound
emissions. Therefore, the aim of this study is to present a dataset of raw broadband sound recordings of com-
mon bottlenose dolphin vocalizations during interactions with fishing activities in the Adriatic Sea, particularly
during depredation. In addition to the availability of the complete raw audio signal, a conventional analysis of
dolphin sounds? was conducted by visual inspection to identify the frequency-modulated whistles supplied in
this paper. Moreover, a literature-based analysis'® of the acoustic signal was carried out in order to provide infor-
mation on the quantitative evaluation of the echolocation clicks and pulse sounds detected in the recordings.
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Methods

Data collection.  Through the active collaboration of researchers and fishermen, data were collected during fish-
ing operations that formed part of the experimental campaign conducted within the framework of the EU Life Delfi
project [Project-Dolphin Experience: Lowering Fishing Interactions (LIFE18NAT/IT/000942), wwwlifedelfi.eu],
which aims to introduce new technical solutions to control and reduce the interaction between marine mammals
and professional fishing activities.

The signals were recorded in autumn 2021 in the north-central Adriatic Sea during fishing operations in
which a massive interaction between dolphins (single or in groups) and trawls was documented. The group
included at least four dolphins, as highlighted by the yellow circles in Fig. 1. However, the crew on board claimed
that the whole group was larger (at least 6 or 7 dolphins).

The trawler (F/V Airone Bianco II, ITA000026441) fished on sandy bottoms ranging from 40 to 90m in
depth, a distance of 15 to 50 nautical miles off the coast of Ancona harbor, at an average fishing speed of approx-
imately 3.2 knots. The towing started at 16:15hours (CEST) at position 13.5138 E, 44.2111 N, depth 62.1 m, and
ended at 18:47 hours at position 13.5079 E, 44.1026 N, depth 60.3 m (Fig. 2). The vessel used an Italian commer-
cial bottom trawl (also known as “Americana”), made entirely of knotless polyamide netting. The dimensions of
the trawl were approximately 60 m in length from wing tips to codend and a vertical opening during trawling
of approximately 2 m, as described in??. The codend was made of the same net material with a 54 mm nominal
mesh size. European hake (Merluccius merluccius), shortfin squid (Illex coindetii), European squid (Loligo vul-
garis), red mullet (Mullus barbatus), and tub gurnard (Chelidonichthys lucerna) were the targeted fish species.
A significant proportion of the fish in the catch escaped through the codend; this is probably the reason why the
dolphins gathered around the codend?, as depicted in Fig. 1.
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Fig. 2 Map of the study area. The map highlights the location of the haul and, consequently, of the underwater
acoustic recording. Maps were created using Qgis software (www.qgis.org).

The UREC U384K autonomous underwater recorder (sampling rate = 192 kHz; resolution = 16 bits;
bandwidth = 10 Hz-96 kHz; gain = 10x (20 dB)) developed by Dodotronic and Nauta and outfitted with a
pre-amplified hydrophone, Sensor Technology SQ26-05, was utilized to collect data. Sensor Technology indi-
cates that the hydrophone has a sensitivity of —193.5dB re 1 V/pPa @ 20 °C between at least 1 Hz and 28 kHz.
The sensitivity profile applicable to the entire SQ26 series is available at the link reported in?’. However, addi-
tional studies also tested the sensitivity at higher frequencies. Palmero et al. report that the combination of this
hydrophone SQ26-05 with the UREC U384K recorder have a sensitivity of —169 dB re 1 V/pPa up to 50 kHz*.
The low-frequency response was not restricted during recording. The UREC U384K recorder was mounted
directly on the net at the codend level, in the upper section, with a horizontal orientation towards the rear of the
trawler. The hydrophone is at the end of the unit, and thus the long axis of the cylindrical hydrophone was point-
ing towards the codend. The omnidirectionality of the recorder/hydrophone system was only in the plane per-
pendicular to the UREC U384K housing and the hydrophone. The length and diameter of this cylinder-shaped
unit were 35cm and 10 cm, respectively. The average duration of a typical commercial haul is about 60 minutes;
however, this haul was extended due to the persistent presence of dolphins. The recording session lasted a total
of 120 minutes. The 120-minute recording was then processed to remove the initial 21 minutes and 40 seconds
of noise-only recording. Thus, the actual signal, lasting 98 minutes and 20 seconds, was stored. This signal was
further processed so that whistles and high-frequency pulsed vocalizations could be characterized. The follow-
ing two approaches were employed.

Whistle detection. To visualize the frequency spectrum, the original signal was displayed in a 4-second
time window using Audacity’s spectrogram interface (www.audacity.org) with a Hann window of 1,024 points.
A trained and experienced passive acoustic monitoring (PAM) operator then visually inspected each audio spec-
trogram for the presence of whistles. Whistles were localized by visual inspection and manually centered in the
4-second window. Each individual whistle was then selected, cut to its effective length, saved as a WAV file, and
reported in the dataset. A continuous contour on the 4-second spectrogram was identified as a single whistle. A
fragmented contour consisting of several consecutive short elements was still acknowledged as a single whistle.
The occurrence of multiple concurrent whistles from different dolphins in the same window was highlighted.
Finally, the number of whistles in each window was counted, the location of the whistle was evaluated in terms
of initial and final events, and the duration of the whistle was computed. An example of whistle identification is
shown in Fig. 3. The yellow arrows indicate the start and end events as well as the duration of the whistles identi-
fied by the PAM operator.

Analysis of high-frequency pulsed vocalizations. The recordings contain a large number of broad-
band, pulsed vocalizations. Two main categories of these sounds were identified: echolocation clicks and burst
pulses. A computational process was devised to distinguish between the two categories in several different steps
in accordance with the guidelines provided in Chapter 4 of the recent book “Passive Acoustic Monitoring of

Cetaceans”?
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Fig. 3 An example of the whistle acoustic signal’s frequency spectrum. This image corresponds to the whistle
PNG file named 249_whistle_spectro.png stored in this dataset.

Noise filtering.  The signal was high-pass filtered (Butterworth filter, eighth order, cut-off frequency: 10kHz,
roll-oft: —48 dB) using the Audacity free audio editor (www.audacity.org) to remove the background noise from
different sources such as the boat propeller, engine, etc.

Signal segmentation. The filtered signal, with a total duration of 98 minutes and 20 seconds, was split into
ninety-eight 60-second segments and one 20-second segment using the SoX audio utility (https://sox.source-
forge.net/). Peak detection and classification were computed separately for each segment.

Signal-to-noise ratio (SNR) computation. The signal’s SNR was computed for each individual signal sample in
accordance with Zimmer’s guidelines®. In order to reduce the computational load, the whole signal was split
into a series of consecutive 60-second windows, and the procedure was computed in each window as follows:

SIGNAL (¢)
SNR(t) = 10 - log=—T———"2
® FTTNL (1

where SIGNAL(t) is the value of the signal in each of the samples t of the 60-second window after the removal of
the average value computed over all signal samples included in the 60-second window.

The noise level (NL) is expressed as the root mean square value computed in a single, specific 60-second
segment of the recorder signal in which no dolphin vocalizations were detected:

NL = ymean (NOISE (t)?) @)

where NOISE(t) is the signal value for each of the 60-second window samples ¢ in which no dolphin vocaliza-
tions were detected. This segment was identified through visual inspection. NL is expressed as dBrms.

Peak detection. Initially, the average SNR value was computed along 2-ms windows along the signal. The pres-
ence of a peak was acknowledged only when the average SNR value exceeded a specific threshold value Th and
both average SNR values in the previous and successive 2-ms windows were lower than Th. The value of Th was
determined through a sensitivity analysis of the number of detected peaks to the SNR threshold value.

Specifically, SNR values from 4dB to 16 dB (in increments of 0.5 dB) were tested. The results are reported in
Fig. 4. The graph in Fig. 4 shows that for SNR =4 dB, nearly 18 x 10° peaks were detected in the entire recording.
Starting from this value, the number of detected peaks decreases as a function of SNR following the decay curve
highlighted in blue. The curve then seems to stabilize when SBR ~ 10 dB. This indicates that after this value,
SNR levels have minimal effect on the number of peaks. Consequently, this value was chosen as the threshold
(Th=10dB). Finally, a script was written in GNU octave (version 6.4.0, Oct 30, 2021) to undertake this analysis
in accordance with Chapter 4 of**. The basic algorithm code developed for peak detection is available at the
figshare general-purpose open repository®. Figure 5 illustrates an example of peak detection.

Peak classification. A procedure was devised to classify the peaks identified in the previous section. The classifi-
cation was based on the observation that click trains exhibit different values of the inter-click interval (ICI), which
is defined as the absolute time distance between two consecutive peaks. In a depredation scenario in the vicinity
of a trawl, dolphins will likely target the trawl and possibly escaping fish. In such a situation, dolphins would
lock their sonar on these targets, adjust the ICI to the target’s distance, or generate feeding buzzes at close range.
Thereafter, the ICI changes will be relatively smooth, transitioning from slow click trains (IC I >50-80ms) in the
exploring or search phase to 30 ms < ICI <50ms in the first lock-on-target phase, then to 10 ms < ICI <40 ms
during the approach phase, and finally drastically reducing the ICI in the feeding buzz to ICI < 10ms'&?’.
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Fig. 4 The number of detected peaks as a function of SNR threshold value. The red dots represent the total
number of peaks detected using the current method for the different SNR values ranging from 4dB to 16 dB
with increments of 0.5 dB. The blue line is the interpolation curve.
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Fig. 5 Peak detection mechanism. (a) Displays the signal’s spectrogram within a chosen window. Low signal
levels are denoted by cyan, intermediate levels by magenta, high levels by red, and peak levels by yellow. (b)
Ilustrates peak detection by imposing the threshold Th on SNR values (red dashed line).

Following the main points in Nuuttila’s study'®, the current algorithm considered the output of the
peak-detection routine and applied a filter based on peak amplitude and ICI to eliminate reverbs or overlapping
click trains from more than one animal. Click trains were then identified based on an adaptive ICI threshold and
the medium ICI value was computed in each click train. Results are provided in histograms, i.e., the number of
clicks in ICI 5 ms bins (Fig. 6). A heavy dominance of mean ICIs in the 5 and 10 ms bins is highlighted, reflecting
the dolphins’ close-range inspection of the net. A more spread-out and lower peak is detected in the 25-40 ms
bins, reflecting exploring or approach click trains. Then, just few click trains with ICI above 110 ms are found.

Data Records
This dataset consists of audio files in WAV format, comma-separated values (csv) files, text document files in txt
format, and image files in Portable Network Graphic (PNG) format. The details of each file are provided below.

WAV files. The recordings are provided as one complete file and a folder containing 303 audio segments:

o full_recording.wav is a single raw audio WAYV file (sampling rate = 192 kHz; resolution = 16 bits, encoding
Microsoft PCM) containing the complete, unedited recording of the bottlenose dolphins’ emissions. The
duration of the entire file is 98 minutes and 20 seconds;

« whistle_segments is a folder containing 303 audio WAV files extracted from the full_recording.wav file.
Each of the 303 files contains a single whistle or a group of multiple whistles (when multiple dolphins were
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concomitantly emitting) and is stored as an individual WAV file with a sequential name (001_whistle.wav,
002_whistle.wav, 003_whistle.wav, etc.).

CSVfiles. One comma-separated values (CSV) file is included in the dataset to report audio-emission detec-
tion and classification summary results.

results.csv is a csv file containing quantitative data regarding the emission-peak detection and classification

of each of the ninety-eight 60-second and one 20-second segments used to identify the high-frequency pulsed
vocalizations. Information regarding the presence of single or multiple whistles is also reported. The file is struc-
tured with the following fields:

1.
2.

PN W

Block# represents the sequential number of each one-minute segment;

Peak number reports the total number of peaks identified by the “Peak detection” procedure in each
segment;

Train number reports the total number of click trains identified in each segment;

ICImin reports the minimum value of the ICI in the segment under consideration;

ICImax reports the maximum value of the ICI in the segment under consideration;

ICImean reports the mean value of the ICI in the segment under consideration;

Whistle reports the number of single and multiple whistles detected in the segment under consideration;
Multiple W indicates whether the block under consideration contains multiple whistles (YES) or otherwise
(NO).

TXT files. Two txt files were included in the database to facilitate the interpretation of the audio signals by
means of the Audacity software (direct import of.txt files).

1.

2.

whistles.txt is a tab-separated text file containing the following data for each detected whistle:

whistle start time expressed in seconds as the time stamp in the original full recording, counting from the
start of the recording;

whistle end time expressed in seconds as the time stamp in the original full recording, counting from the
start of the recording;

classification tag: W for single whistle and MW for multiple whistles;

whistle signal quality classes (1, 2, and 3) (see “Technical Validation” section).

clicks.txt is a tab-separated text file containing the following timing data for each detected high-frequency

pulsed vocalization. The minimum time interval between two click trains is 250 ms:

1.
2.
3.

click train start time expressed in seconds as the relative time stamp in the original full recording;
click train end time expressed in seconds as the relative time stamp in the original full recording;
mean ICI 5ms bins corresponding to each click train.

All the parameters reported in the whistles.txt and clicks.txt files are also depicted as labels that can be

imported directly into the Audacity software for visualization (file — import — labels).

PNG files. The whistle_spectrograms folder contains 303 PNG files. The PNG files depict the spectrograms
of the 303 whistles contained in the whistle_segments folder and are stored as individual PNG files with a sequen-
tial name corresponding to the whistle name (001_whistle_spectro.png, 002_whistle_spectro.png, 003_whis-
tle_spectro.png, etc.).

The dataset is available via an unrestricted repository at figshare?.
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Data limitations. These data were recorded with a sampling rate of 192kHz. It has been reported that peak
frequencies of bottlenose dolphin vocalizations may reach up to 150 kHz!#?%. A higher sampling rate will extend
the frequency range, allowing for greater discrimination between different types of vocalizations®’. However, a
higher sampling rate would require a more broadband hydrophone than the one used in this study. Consequently,
one could argue that the present sampling rate of 192kHz is insufficient to describe the full bandwidth of vocali-
zation signals. However, the optimal sampling frequency for recording bottlenose dolphin vocalizations remains
a matter of debate. In general, it is important to consider the limitations and challenges associated with high
sampling rates, such as higher equipment costs and larger data storage requirements. In the intended recording
context, higher costs would only be related to the purchase of a higher-performing hydrophone, as the recorder
and memory are already suitable in the current setup. Moreover, it is acknowledged that sampling frequencies
can vary depending on the type of vocalization being recorded. Different studies have reported that the frequency
content of signature whistles ranges from 1 to 30 kHz?*!. Therefore, a sampling frequency of 192kHz is totally
suitable for identifying and classifying dolphin whistles based on their spectral characteristics.

Although it has been reported that the on-axis echolocation signals occur with bimodal peak frequencies in
the 60-90 and 110-140 kHz ranges®’, a dominant frequency ranging from 40 kHz to 80 kHz was identified in a
large collection of underwater sounds (clicks) from six specimens of Tursiops truncatus’>**. An interesting study
analyzed the median peak and center frequencies of bottlenose dolphin echolocation clicks to determine their
spectral characteristics®. Three different recording instruments were utilized with three different sampling
rates (192 kHz, 200 kHz, and 480kHz). The results revealed that the median peak frequency ranged from 27.2 to
35.6kHz, and the median center frequency ranged from 34.0 to 39.8 kHz. Moreover, acquisition with a sampling
rate of 192 kHz revealed a peak frequency distribution comparable to that of 480 kHz recordings. The higher sam-
pling rate exhibited no significant peaks at higher frequencies. Notably, high-frequency echolocation signals occur
primarily when vocalizations are recorded along the axis of the dolphin’s transmitting beam'®. Outside of the beam,
the low-frequency components experience less attenuation and appear in the frequency spectrum?®. Therefore,
low-frequency components are expected to be predominant when free-ranging dolphin vocalizations are recorded
since they are mainly off-axis of the transmitting beam?®. In the current study, bottlenose dolphin vocalizations
were recorded with no regard to specific distance or orientation from the hydrophone. Based on these considera-
tions, it was determined that the frequency of 48 kHz could be effective for recording the entire acoustic repertoire
of Tursiops truncatus, including echolocation signals, in studies analyzing the occurrence or distribution of individ-
uals in a population or at a specific location when the presence or absence data are sufficient®. These observations
indicate that the present database recorded at 192 kHz could be suitable for the majority of dolphin vocalization
analyses. To support this, it is important to note that numerous studies on the high-frequency echolocation clicks
of bottlenose dolphins utilized this (or a lower) sampling frequency®~*. However, for other purposes, such as the
fine identification or classification of dolphin species, the recording of the full bandwidth is recommended.

Moreover, the sensitivity curve of the SQ26-05 hydrophone (see “Data collection” section) indicated a reduction
in sensitivity between 30kHz and 40 kHz (~~—5 dB). This presumably affects the detection of the reported 35-40kHz
median center frequency?. The sensitivity then returns to the previous value of up to 50kHz. No sensitivity data
are reported for higher frequencies. Thus, the hydrophone’ sensitivity in this frequency range may be affected by a
reduced sensitivity. Users are advised to take this issue into consideration when utilizing the current dataset.

The present recordings were collected during fishing operations as part of the experimental campaign con-
ducted within the framework of the EU Life Delfi project, which seeks to introduce new technical solutions
to control and reduce interactions between marine mammals and commercial fishing activities. Specifically,
one of the main goals is to assemble an acoustic device capable of continuously recording underwater sounds,
identifying the presence of dolphins, and then driving a pinger device to discourage dolphins from approach-
ing the trawl net. The purpose of these recording sessions was to acquire dolphin vocalization signals for the
pinger project. Therefore, the hydrophone was positioned directly on the trawl net to optimize the recording,
especially the long-distance recordings that are more useful for the advance detection of dolphin presence.
Figure 7 illustrates that during the recording of the depredation event, one or more dolphins approached the
hydrophone very closely. In these instances, the sound pressure level produced by the dolphin’s vocalizations
exceeds the hydrophone’s dynamic range, causing the signal to saturate. Moreover, dolphins could come so
close as to bite or bump into the hydrophone. The resultant impact may temporarily interrupt the recording
or generate a high-amplitude signal that saturates the hydrophone. This phenomenon, which has also been
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Whistle quality class | Number of whistles | Mean duration 4 SE (ms) | MeanSNR =+ SE (dB)
1 122 484 +31 7.09+£0.11%*

2 104 776 +81 8.00+0.21°

3 77 759+110 9.29+0.31

Table 1. Characteristics of classification classes based on whistle quality. SNR means signal-to-noise ratio. SE is
standard error. *means statistically different from classes 2 and 3 (p < 0.05). Smeans statistically different from
class 3 (p <0.05).

identified in the literature, could result in signal overload, waveform distortion, and no-sound sections in some
parts of the proposed dataset*’. This was the first attempt to record dolphins in this characteristic context, and
some gain settings may have been suboptimal. This also contributes to the signal overload. Social burst pulse
signals (creaks, squawks, and short burst pulses) often have significantly more energy <20kHz than echoloca-
tion clicks*!, distinguishing them from echolocation low-ICI click trains. The overloading may hinder the ability
to identify these vocalizations. Overloaded parts of the signal were included in the current dataset to enable the
analysis of possible vocalizations that were not affected by this phenomenon.

This classification of clicks was performed on a filtered signal (high-pass filter, cut-off frequency = 10kHz).
It has been reported that social burst pulse sounds often contain considerable energy at low frequencies
(<3kHz)*. It is not possible to detect such vocalizations with the current setup due to the essential filtering
process employed to eliminate background noise. This should be regarded as a limitation of the click classifi-
cation procedure. As the recording stored in the repository is not filtered, users may employ advanced filtering
techniques to extract the low-frequency social burst pulse sounds.

As previously discussed, the current dataset may be beneficial for advancing our understanding of dolphin
vocalizations during depredation events. In addition to the traditional analysis of dolphin sounds conducted
in this study, the dataset could be used to undertake a PAM analysis (as provided by the classic PAM system,
Chelonia’s C-PODs, and F-PODs) to calculate abundance, distribution, and seasonal and diel variations*2.
Moreover, it could be useful as a proposed format for dealing with similar datasets. To emphasize the appli-
cability of the data, comparable control data from the same area with a group of dolphins of a comparable size
could be relevant. Similarly, more data from other events of this type (such as other depredation or interaction
types®, such as with gillnets and pelagic trawls) would enhance the dataset’s generalizability. Although addi-
tional experimental campaigns have been scheduled for this purpose, such data are not currently available. This
may be viewed as an additional limitation of the study. Moreover, only one hydrophone position was used in the
current setup, and alternative positions that may be suitable for triggering the future interactive pinger were not
investigated. This potential weakness will be addressed in future studies.

Following a comprehensive discussion of the proposed dataset’s limitations, primarily attributable to the fact
that this was our first attempt to record dolphins during depredation, the following are the main useful recom-
mendations concerning essential technical modifications and enhancements for future recordings of the depre-
dation event: (1) employing a hydrophone with linear sensitivity (no loss) across the entire frequency range of
dolphin vocalizations (0-150 kHz);'4?** (2) increasing the sampling frequency to capture the full bandwidth
of dolphin vocalizations which allows to correctly record high-frequency echolocations clicks and thus to help
revealing scanning behavior, and facilitating discrimination between overlapping click trains*. It would also
allow for selective triggering, based on ICI and/or frequency content in the clicks; (3) conducting a number of
pilot recordings to determine the optimal settings (including gain) for obtaining good quality recordings and
avoiding overloads; and (4) applying a high-pass filter with a cut-off frequency of 1-2kHz while recording to
remove most of the noise from the propeller and engine.

Technical Validation

To verify the reliability of the dataset, the signal-to-noise ratio (SNR) as calculated in Eq. 1 was used to analyze
the quality of the reported whistles. First, a trained and experienced PAM operator visually inspected all 303
whistle spectrograms before dividing them into three classes according to the classification introduced in'® and
also adopted in®. Class 3 includes segments in which the whistle is prominent; Class 2 includes segments in
which whistle detection is clear and unambiguous; and Class 1 includes whistles of lower quality (weak signals).
According to the literature'®, classes 2 and 3 whistles were recognized as being of high quality. The mean SNR
value and duration (£standard error, SE) were then computed for the whistle spectrograms in each class. The
results are reported in Table 1.

As expected, the SNR in the three whistle classes increases as the quality class (from 1 to 3) increases. This
result further supports the reliability of the present dataset. Indications of whistle quality class are provided in
the whistles.txt file for each whistle.

Despite the above-mentioned limitations about the recording of high-frequency vocalizations, the distribu-
tion of average ICIs of click trains is in agreement with what reported by Nuuttila’s et al.'8. As shown in Fig. 6, it
is characterized by three peaks: a first distinct peak of very short ICIs (<5ms), a further higher peak, and a third
less pronounced peak comparable to the first one. Then, a slow decay is detected for higher ICIs up to 500 ms.
It is worth highlighting that most of click trains is characterized by average ICI shorter than 200 ms and only a
minimum part presents a higher average ICI.
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Although the standard procedure would have been to make one or more pilot recordings to determine the
optimal settings for good quality recordings, this recording is the first and only one made. Only one recording
was made due to the exceptional nature of the event, which involved the presence of several dolphins near the
fishing net. This resulted in the overload of some segments of the recording and certain prioritized vocalizations
(i.e., the click trains) due to settings that were not always suitable for the experimental condition. This factor
should be taken into account during the analysis. Therefore, to ensure the recording’s usefulness, an analysis was
conducted to identify the parts where the signal was overloaded. The analysis was performed using two different
thresholds to identify overloads: 99% and 90% of the signal peak. The results obtained with the 99% threshold
indicate that only 6356601 samples (0.56% of the total samples) exceeded the threshold and were subsequently
overloaded. The results obtained with the more selective 90% threshold indicate that 15689091 samples (1.38%
of the total samples) were overloaded. Therefore, only a small percentage of the signals are affected by overload.
This result is probably attributable to the fact that only the high-amplitude, short clicks are clipped. The whistles
have a much lower amplitude and were never clipped. Therefore, they can be analyzed even when they occur
within clipped click trains.

Code availability

The basic algorithm code developed for peak detection is available at the general-purpose open repository
figshare?. The aim of the algorithm is to achieve a tool able to provide an overview of the richness of the dataset
content and its potentiality. Otherwise, to provide a robust and detailed quantitative analysis of the different
vocalizations included in the dataset is beyond the purposes of the present data descriptor.
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