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ABSTRACT

Accurately estimating dolphin group size is essential for abundance estimation and population
assessment, but it can be challenging using passive acoustic methods. This study compared visual
data, assumed to be the gold standard, and passive acoustic data to estimate group size from a
double-platform survey implemented in the vessel component of the ACCOBAMS Survey Initiative
in the Mediterranean Sea. Simultaneous data collection resulted in 30 duplicate events, showing
no significant correlation between visually and acoustically estimated group sizes. Hence, the
number of simultaneous click trains obtained from passive acoustic data may provide different
information, as this index is not proportional to the group size recorded with the visual method.
Currently, visual estimates remain the most reliable method.
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INTRODUCTION

Dolphins are highly social animals, often forming groups that range from a few individuals to hundreds (Jefferson
& Rick, 2018). Estimating group size, i.e., the number of individuals in a group, is a critical task for population
assessments and behavioural studies (Gerrodette et al., 2019). Accurate group size estimates are essential for
unbiased abundance estimation. In conventional line-transect distance sampling, the density of groups is
estimated and multiplied by the estimated group size to estimate abundance (Buckland et al., 2001). Group size
may also be included as a covariate in the detection function, as it may affect the detection probability (Marques
& Buckland, 2004). For example, larger groups are more likely to be seen at the surface. Both approaches assume
that group size is accurately quantified. Although visual surveys have traditionally been the primary method for
estimating dolphin group size, estimates can vary between observers (Gerrodette et al., 2002). However, visual
surveys are limited to daylight hours and favourable weather conditions. Technical advances have extended the
application of line-transect distance sampling surveys to acoustic-based surveys using towed hydrophone arrays
(Marques et al., 2013) as a complement to visual surveys (Dalpaz et al., 2021). However, acoustic estimation of
group size is difficult for dolphins as they use a wide range of vocalisations that change considerably depending
on the behavioural context (Janik, 2000; Gallo et al., 2023). Additionally, not all individuals in a group vocalise;
some may remain silent while still receiving and using acoustic information from conspecifics (Krause & Ruxton,
2002; Gregg et al., 2007; Henderson et al., 2011). When a group has a high level of acoustic activity, calls may
overlap, making it difficult to identify every vocalising individual (Henderson et al., 2011). To overcome this
problem and accurately estimate density, cue counting can be used to estimate the density of cues, such as calls,
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produced by animals which can then be converted to animal density using the cue production rate of the species
(Marques et al., 2009). This method requires detailed behavioural information on the rate of cue production and
its variations (e.g., vocalisation rates), and this information is scarce for most species (Mellinger et al., 2007). Thus,
it is challenging to estimate group size based on vocalisations alone. The combination of visual and passive acoustic
methods can be beneficial for investigating the relationship between vocalising animals and the number of
individuals. Using a double-platform framework, where visual and passive acoustic data are collected simultaneously,
sightings can be used to validate acoustic data by providing direct information on group size alongside vocal
activity (Van Parijs et al., 2002; Barlow & Taylor, 2005). In this study, we assessed the relationship between
acoustic and visual group sizes as a first step toward estimating dolphin abundance, using a double-platform line
transect survey in the Mediterranean Sea as a case study. We also aimed to determine whether acoustic group
sizes could be used directly to estimate abundance. We hypothesised that acoustic group size would be
underestimated but proportionate to visual group size, because not all dolphins may vocalise within a given
detection window when they are present in groups (Gregg et al., 2007; Rankin et al., 2020; Dalpaz et al., 2021).

MATERIALS & METHODS

We used vessel-based visual sightings and passive acoustic data collected simultaneously during the ACCOBAMS
Survey Initiative (ASI) in the summer 2018 aboard the R/V Song of the Whale (ACCOBAMS, 2021). This study
focused on dolphins in the western and central Mediterranean Sea, including the bottlenose dolphin (Tursiops
truncatus), common dolphin (Delphinus delphis), long-finned pilot whale (Globicephala melas melas), Risso’s
dolphin (Grampus griseus), rough-toothed dolphin (Steno bredanensis), and the most commonly encountered,
striped dolphin (Stenella coeruleoalba). Visual and passive acoustic data were collected using a double-platform
framework during daylight hours, whenever the observation conditions were appropriate (i.e., Beaufort sea state
< 4) and when local water depths were greater than 50 m to allow the deployment of towed hydrophones. Both
platforms operated independently, and all visual operations were conducted in passing mode.

During the visual effort, two observers were positioned on a 5 m elevated platform to search for cetaceans.
An observer was positioned on either side of the platform: the first observer scanned the starboard side from
340° to 90°, and the second observer scanned the port side from 270° to 20°, with 0° representing the bow. They
observed their respective areas with naked eyes and used binoculars to confirm species identity when necessary.
A visual event was defined as the detection of a group of animals within the area scanned by the observers. For
each visual event, the observers reported the species and the best estimate of group size to a dedicated data
logger. The visual survey team consisted of at least four members who rotated between port observer, starboard
observer, data logger and helm person, performing each role for up to one hour before taking at least two hours
of rest to prevent fatigue. Duplicate sightings made by both observers in the overlap area were removed.

Passive acoustic data were collected simultaneously using a 400 m towed hydrophone array. The hydrophone
array was housed in an oil-filled tube and consisted of a pair of hydrophones in a linear configuration. The two
hydrophone elements (Magrec HP03), spaced 0.25 m apart, had a sensitivity of —204 dB re 1V/ uPa with a flat
frequency response (+ 3 dB) from 1 to 100 kHz in the frequency band of most odontocete vocalisations.
Preamplifiers with 29 dB gain were used to prevent voltage drop between the array and the research vessel. The
outputs from the hydrophone pair were digitised at a sample rate of 192 kHz and monitored in real-time using
a click detector in PAMGuard (Gillespie et al., 2008), a passive acoustic monitoring software package. The click
detector outputs were compressed into binary storage files in PAMGuard, and files were manually analysed post
hoc with a focus on dolphins (i.e., not sperm or beaked whales) based on echolocation clicks. Acoustic event
identification and group size estimation were performed following the methodology described in Ollier et al.
(2023). An acoustic event was defined as sequences of clicks, or click trains, produced by a group of animals
passing abeam that showed a consistent change in bearing on the click detector (i.e., from the bow to the stern
of the vessel). When multiple click trains occurred simultaneously along the same trajectory, they were used to
approximate the number of individuals in the group as an estimate of acoustic group size. Sequences of clicks
that did not show a consistent change in bearing were not considered as acoustic events. They were excluded
because the localisation of animals would not be precise enough to allow for reliable abundance estimates. As
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with visual events, acoustic group sizes were reported as the best estimate of the number of animals in each
event. Estimates from both detection types were used in subsequent analyses. Due to the overlapping frequency
ranges of echolocation clicks among the dolphin species studied, species identification from acoustic recordings
was not possible (Soldevilla et al., 2008; Ollier et al., 2023). Therefore, species could not be compared, and all
species studied were pooled for both acoustic and visual data analyses.

Since the visual and acoustic platforms operated independently, duplicates were identified post-survey using
the method described in Ollier et al. (2023). A duplicate was defined as a group of animals (either single or
multiple individuals) detected by both visual and acoustic platforms. Duplicates were identified using a two-stage
classification tree based on time and distance thresholds. Since the visual effort was conducted from the vessel
and the acoustic effort was conducted 400 m behind the vessel, there was a time and spatial lag due to the vessel
and animal movements. The first step of the classification tree corrected for the movement of the vessel, while
the second step accounted for the movement of the animals. The means and standard deviations of group sizes
for both visual and acoustic duplicate events were estimated to quantify variability across events. Then, a linear
relationship was used to examine the relationship between visual and acoustic group sizes from duplicate events.
Analyses were performed using the R software (version R. 4.3.0, R Core Team, 2023).

RESULTS & DISCUSSION

Transects where visual and acoustic data were collected concurrently in good conditions (Beaufort sea-state
< 4) totalled 6,679 km of effort (Fig. 1A). A total of 30 duplicate events were identified. The estimated group size
was higher for visual events, with a mean of 13.9 (SD = 16.8) individuals per event, than for acoustic events, with
a mean of 3.8 (SD = 1.6) individuals per event. Visual group sizes varied considerably between events, while
acoustic group sizes remained relatively stable. At the extreme, the ratio between acoustic and visual group sizes
could be as high as 10, with a visual group size of 70 individuals and the corresponding acoustic group size of
only nine individuals. The analysis of the acoustic data using PAMGuard showed that, for the event shown in
Figure 1B, only about nine individuals were acoustically active within a timeframe of approximately 10 minutes
around the visual event. Linear regression analysis was performed to test whether visual group size correlated
with acoustic group size (Fig. 1C). No significant correlation was observed between the group sizes estimated by
the two detection methods (F, .= 2.834; p = 0.1034; R =-0.0595). When removing the two outliers at the top
of the graph (Fig. 1D), the regréssion becomes slightly negative but still not significant (F1126= 1.423; p =0.2436;
R? = 0.0154). In both cases, the confidence intervals contain a flat regression line with slope = 0. These results
support the hypothesis that acoustic group size is underestimated relative to visual group size, but they do not
support the hypothesis that acoustic group size is proportionate to visual group size. Therefore, it is not feasible
to derive a constant factor to correct acoustic group size in our study. The number of distinct tracks in the
PAMGuard data does not adequately represent group size.

Comparison with other studies is challenging since most rely on vocalisation rates rather than direct acoustic
counts of individuals based on click trains (Jones & Sayigh, 2002; Van Parijs et al., 2002; Henderson et al., 2011).
The most comparable study to ours used a combination of acoustic and visual line transects to study Ganges
river dolphins (Platanista gangetica gangetica; Richman et al., 2014). Their methodology for estimating acoustic
group size, based on counting individuals from click trains, was similar to ours. They compared the group size of
duplicate events between the two detection types and found a good match between visual and acoustic group
sizes. Ganges river dolphins, which live in turbid environments, are effectively blind and rely strongly on their
hearing, producing echolocation clicks as continuous emitters (Jensen et al., 2013), which may make them easy
to detect acoustically. Harbour porpoises also tend to echolocate continuously (Akamatsu et al., 2007), but
individual clicks are often too dispersed, and high variability in click production rate has led some authors to
question whether the number of clicks directly correlates with the number of animals present (Jacobson et al.,
2017). Additionally, porpoises and Ganges river dolphins form small groups of only a few individuals (Scheidat
et al., 2008; Sinha & Kannan, 2014) unlike Mediterranean dolphins, which typically form larger groups (Boisseau
et al., 2010; Panigada et al., 2024). Estimating acoustic group size becomes particularly difficult with large groups
and could explain the lack of correlation observed in our study. For abundance estimation, when individuals
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Figure 1. (A) Survey effort and duplicate events recorded during the ASI vessel-based survey in the Mediterranean Sea. The map
shows the linear transects sampled by the R/V Song of the Whale, with acoustic events shown in blue and visual events in red. The size
of the dots corresponds to the measured group size. Blue lines represent the acoustic-visual transects. (B) Example of a five-minute
period of acoustic effort displayed in the PAMGuard click detector module. The y-axis shows bearing angles and the x-axis represents
time. Each point represents an acoustic signal, with coloured dots indicating signals attributed to dolphins. The number of acoustically
active individuals per acoustic event was determined as the number of tracks that occurred at the same time. In this example,
approximately nine individuals were detected acoustically (indicated by blue lines), with a corresponding visual event that measured a
group of 70 individuals. Examples of tracks that did not pass abeam are shown as red dashed lines; acoustic group sizes may be
underestimated due to these and other undetected tracks. (C) Comparison between visual and acoustic group sizes of Mediterranean
dolphins. Each point represents a duplicate event, with estimated visual group size on the y-axis and the estimated acoustic group size
on the x-axis. The purple line represents the linear regression, and the shaded grey area represents the 95% confidence intervals.
(D) Comparison between visual and acoustic group sizes of Mediterranean dolphins, as in Figure 1C, with two outliers at the top of the
graph removed.
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occur in groups, accurate measurement of the group size for each event becomes critical (Buckland et al., 2001).
The lack of correlation can lead to a number of tentative explanatory hypotheses: (1) the acoustic recordings
may have captured only a subset of the group, namely those animals that were echolocating. This may be due
to the effect of eavesdropping, whereby individuals in a group may improve foraging efficiency and reduce
energetic costs by listening to and interpreting acoustic signals produced by conspecifics (Barrett-lennard et al.,
1996; Jones & Sayigh, 2002; Krause & Ruxton, 2002). (2) Only individuals moving from in front to behind the
hydrophone array were counted, and not all animals in a group were likely to move in the same way relative to
the array and/or echolocate continuously as the array moved past them, so that only part of the group was
detected and counted. (3) The third assumption is a mixture of the two, implying that it is difficult to disentangle
availability bias from perception bias using the acoustic method.

Because of these challenges, visual group size estimation remains the most reliable method in this context.
Acoustic group size could not be used to estimate abundance because it did not correlate well with visual
observations or reliably reflect actual group size. Estimating abundance at the group level (i.e., counting groups
of animals only) can overcome the problem of estimating group size, but in general, it is less useful, and the
definition of a group may be inconsistent. For example, in visual surveys, such as the ASI surveys (Panigada
et al., 2024), a large group seen from the air could appear as two separate groups from a vessel. Some studies
combining visual and passive acoustic data have assumed that acoustic group size was equal to visual group size
for abundance estimates (Gerrodette et al., 2011; Martin et al., 2020). Using visual group size as a proxy provides
a practical starting point for estimating acoustic group size in dolphins. In our study, visual estimates remain the
most reliable method at present. Further research on acoustic group size is needed, particularly when conducted
alongside visual observations, to improve our understanding of vocal behaviour (e.g., ACCURATE project®).
Echolocation rates of dolphins should also be investigated to facilitate the application of cue-counting methods
for abundance estimation.
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