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ABSTRACT

Basic knowledge about populations of short-beaked common dolphins (Delphinus delphis) in the
eastern part of the Mediterranean Sea is still lacking. Classified as ‘Endangered’ in an IUCN assessment
released in 2022, it is necessary to gain baseline knowledge to understand the species’ population
status and develop impactful conservation measures. The current study conducted boat surveys,
employing visual and acoustic techniques between January 2019 and July 2022 in the Dilek Peninsula
National Park, central Aegean Sea. Results revealed the continuous coastal presence of common
dolphins, with subadults recorded during every sighting in low group sizes. Travelling-related activities
made up 58% of observed behaviour while resting comprised just 1%. Whistles were produced in
the range of 1.83-48kHz with a peak frequency of 10.4kHz and median duration of 0.54s. Concave
whistles were the most frequently recorded whistle type. Whistles were found to be generated when
dolphins were interacting with boats and diving/travelling fast, forming 53% and 31% of whistle
production respectively. The continuous presence of common dolphins, particularly subadults,
emphasises the importance of the Dilek Peninsula. Whistle parameters show similarities with other
common dolphin populations of the Mediterranean and Black Sea, albeit with shorter durations. The
high whistle presence during boat interactions requires investigation to assess whether whistles carry
avoidance or predatory messages, or whether there are potential consequences for the species’
energy budget. The current study presents preliminary information on the behavioural context of
acoustic patterns. Further research is essential to understand the click and whistle characteristics
within the biological, environmental and anthropogenic variables of their surroundings.
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INTRODUCTION

Short-beaked common dolphins (Delphinus delphis) (hereafter ‘common dolphins’) are widely distributed around
the globe (Hammond et al., 2008), including the Mediterranean Sea where they were once considered one of
the most common cetaceans (Alan et al., 2018; Bearzi and Reeves, 2004; Bearzi et al., 2008). Since the 1960s,
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the Mediterranean subpopulation has experienced an alarming decline, now showing only a patchy distribution
throughout the basin (Bearzi et al., 2003; Cafladas and Hammond, 2008). This basin-wide decline is due to a
variety of factors, including bycatch, prey depletion due to overfishing and habitat degradation, marine traffic,
chemical and noise pollution, marine debris and outbreaks of disease (Aguilar et al., 1999; Bearzi et al., 2003;
Costello et al., 2010; Harwood, 2001; Sutherland et al., 2010).

The steady decline of common dolphins in the Mediterranean Sea has led to the subpopulation being listed
as ‘Endangered’ on the IUCN Red List of Threatened Species in 2003 (Bearzi, 2003). This ‘Endangered’ status was
reiterated during a recent IUCN assessment of common dolphins in the inner Mediterranean with an estimated
population of just 2,496 individuals considered to be in decline (Bearzi et al., 2021). As a result of this and
the decline of other species, international agreements, including the Barcelona Convention (Annex Il), the
Convention on Biological Diversity and Agreement on the Conservation of Cetaceans of the Black Sea,
Mediterranean Sea and Contiguous Atlantic Area (ACCOBAMS), have been put into place to monitor the
population status of various marine species (ACCOBAMS, 2002; Pietroluongo et al., 2020). ACCOBAMS listed
several research actions in 2002, including the need to conduct visual and acoustic surveys to determine the
current distribution, abundance and habitat use of common dolphins in the Mediterranean (ACCOBAMS, 2002;
Cafiadas and Hammond, 2008). Despite the actions taken, there is still too little baseline data on the species to
establish a robust population size estimate for the Mediterranean (Karamitros et al., 2020; Mussi et al., 2021;
Pietroluongo et al., 2020). A better understanding of the common dolphin’s critical habitats, behaviour and
acoustic context, and residency and movement patterns, are vital for conservation efforts to ensure these habitats
and connection corridors can be treated as a priority for research and management (Bearzi et al., 2004; Brager
et al., 2003; Cafiadas et al., 2005; Condet and Dulau-Drouot, 2016; Hastie et al., 2003; 2004; Ingram and Rogan,
2002).

Common dolphins are known to show both coastal and offshore distributions within the Mediterranean Basin
(Cafiadas and Hammond, 2008; Gannier, 2005). While year-round presence has been recorded within the
westernmost portion of the basin (Papale et al., 2020), there are also seasonal fluctuations in their distribution
(Arcangeli et al., 2017; Evans and Hammond, 2004; Laran et al., 2017). Key habitats for behaviours such as
foraging, resting and nursing are yet to be identified in the basin (Saintignan et al., 2020). The species is generally
seen in large groups, ranging from 50-70 individuals (Notarbartolo di Sciara et al., 1993). The species is also
known to be highly vocal (Caruso et al., 2017) with their vocal repertoire comprising tonal calls (whistles), clicks
and burst pulse calls (Ansmann, 2005; Griffiths, 2009; Henderson et al., 2011). The whistles of Mediterranean
common dolphins are characterised as frequency-modulated, long-duration tonal calls with an emitted frequency
range of 2—18kHz; clicks are typically produced between 23—67kHz (Azzolin et al., 2014; 2019; Gannier et al.,
2010; Papale et al., 2014). Furthermore, several studies have linked the role of behavioural context and
vocalization type (Henderson et al., 2011; Petrella et al., 2012; Wiggins et al., 2013), but the limited number of
acoustic studies on common dolphins in the Mediterranean and Black Sea restricts our understanding (Antichi
et al., 2018).

While cetacean studies within the western and central Mediterranean Sea have been relatively thorough, the
southern and eastern regions, including the Aegean Sea, are historically understudied and continue to be the
least studied areas in the basin (Dede et al., 2012; Frantzis et al., 2003; Mannocci et al., 2018; Wiirtz, 2010). As
a result of data deficiency in these regions, it would be challenging to monitor any conservation efforts as this
requires baseline knowledge of species composition and habitat use (Dede et al., 2012). Nevertheless, previous
studies indicate frequent sightings of common dolphins in the Aegean Sea (Dede and Oztiirk, 2007; Frantzis
et al., 2003; Oztiirk and Oztiirk, 1998).

The Dilek Peninsula falls under National Park protection status and was the first protected area to be declared
in Turkey in 1966 (Kaboglu et al., 2005). Our preliminary results identify the group structure and distribution of
common dolphins in the National Park; investigate whistle types and characteristics; to help to analyse the link
between behavioural context and vocal repertoire. The study aims to generate baseline knowledge for this
endangered species and urge its inclusion in the current management plans for the Dilek Peninsula Protected
Area.
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METHODOLOGY

Survey Area

Surveys were conducted within the coastal waters of the Dilek Peninsula National Park, central Aegean Sea
(Figure 1). The national park is 276.75km?; the peninsula itself covers 110km? with 61km of coastline (Celik et
al., 2003; Kiligaslan et al., 2011). The selected survey area covers 158.5km?and falls within both the protected
area and adjacent waters. The area has multiple coastline habitats, such as sandy beaches, rocky shores, coastal
lagoons and deltaic systems, all serving as hotspots for several species of flora and fauna (Altug et al., 2011; Coll
et al., 2010; Katagan et al., 2015). Average water temperature ranges from 15-20°C with a salinity of approx.
38.5psu (Kucuksezgin et al., 2019).

Data Collection

Data were collected during the boat surveys between Winter 2019 and Summer 2022. A 17m wooden motorboat
with 200hp was used. Surveys were conducted on average for six hours. The boat followed a random route with
an average speed of four knots (Figure 1). A double platform technique was used during the surveys with a
minimum of six researchers on board. Two researchers on the primary platform scanned the peninsula by naked
eye up to 500m. A further two researchers on a second platform scanned the peninsula using binoculars, looking
between 500m and the horizon. One data logger on the second platform ran the software Logger 2010, recording
environmental parameters and the behavioural activity of dolphins, with a GPS device attached to log the spatial
position of the research boat and focal group. The final researcher operated the acoustic station. While the
position of the research boat was auto-recorded every 30s, the position of the focal group was calculated using
the distance and bearing of the group from the research boat every minute throughout the encounter.
Environmental conditions were either recorded every hour or when conditions changed. Environmental
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Fig. 1. Survey area and followed track lines throughout the surveys.
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conditions recorded include: Beaufort sea state, wave and swell height, cloud cover, visibility, wind speed, wind
direction, sun glare angle and intensity.

Once a species sighting occurred, the boat approached the focal group from the side or rear (with dolphins
at 45 degrees to the vessel), with the engine idling when possible. The research boat remained at least 100m
from the focal group, unless the group approached the boat. The focal group was followed for 20 minutes on
average, with the duration ranging from five to 60 minutes. During this time, the behavioural activity of the group
was recorded every five minutes through an instantaneous focal group scan-sampling method (Mann, 2000).
The groups were identified using the 100m radius chain rule, where each individual within a single group must
be within 100m of the next individual, with the dominant behavioural activity of the group remaining the same
throughout. If the distance of an individual was greater than 100m, or the individual engaged in a different
activity, the individual was assigned to a different group. During the behavioural sampling, one of 10 behavioural
activities were assigned to the focal group (see Table 1). To identify group behaviour, the behaviour of each
individual was first noted from the head to tail of the group, before a dominant behaviour, representing the
activity of more than 50% of the focal group, was assigned to the group.

Table 1

Definition of identified behavioural activities during the surveys.

Behavioural activity Definition

Travel (TR) Dolphins move at least 200m in 1 minute. They move with a constant speed in a certain direction, with diving intervals
between 3 and 5 seconds.

Travel Diving (TR-DV) Dolphins swim underwater at least 400m from where they were originally spotted.

Travel Fast (TR-F) Dolphins move more than 200m in 1 minute. They almost fly across the sea surface, spending very little time underwater.

Diving (DV) Dolphins stay in a 100m radius within 1 minute. The majority of the time is spent underwater.

Surface Feeding (SU-FE) Dolphins move with lots of splashes in the same area. There are likely to be birds and fish present.

Socialising (SOC) Dolphins can have erratic movements. The presence of body contact and high surface-active behaviour is possible.

Milling (MI) Dolphins linger close to one another. The group cohesion can vary but the position of the individuals does not particularly
change.

Interacting (INT) Dolphins swim on the bow, behind or at the sides of the boat.

Resting (RE) Dolphins travel very slowly, less than 100m in 1 minute.

Undetermined (UND) The behavioural activity is unknown to the researcher.

In addition, the group size (minimum and maximum), group cohesion, subadult presence, changes in
swimming direction and marine traffic density surrounding the focal group (within 100m, 400m, 1,000m and
more than 1,000m) were also recorded. Group cohesion was recorded as one of four categories: tight (individuals
are less than 5m apart from each other), spread (individuals are more than 5m apart), mix (a combination of
both tight and spread) or undetermined. Subadults (calves and juveniles) were identified using body length:
i.e., if the individual was < two-thirds’ the length of the adult swimming in close proximity (Diaz Lépez et al.,
2010; Shane, 1990), with adults estimated to be longer than 2.5m (Lopez, 2006). Any changes in swimming
direction of the focal group in relation to the closest marine vessel were identified as positive (swimming towards
the boat), negative (swimming away from the boat), neutral (no directional changes) or undetermined.

Four omni-directional broadband hydrophone elements, with a frequency range of 0.01-192kHz, were
deployed at the end of a 200m cable and towed from the back of the vessel. The acoustic signal was recorded
with a Behringer U-Phoria UMC404HD sound card capable of sampling up to 192kHz. The hydrophone array was
connected to a 12v laptop running PamGuard software for real-time monitoring. The acoustic operator was
responsible for logging the acoustic detections and ensuring the system was continually running.

Data Analysis

Due to the relatively short nature of this study, descriptive statistics were used to describe the behavioural
activities and the structure of sighted common dolphin groups. Spatial distribution of sighted groups was mapped
in QGIS (version 3.22). Group and individual encounter rates were calculated first for each 500m x 500m grid
cell and later mean-averaged across the survey area, following the formula ER = n/L, where n represents the
number of group or individual encounters per cell, and L is the survey effort in kilometers travelled by the research
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vessel in the corresponding grid cell. When averaging across the survey area, only cells that contained survey
effort greater than the diagonal of cell (707.11m) were included to avoid biases associated with low survey effort.

Acoustic recordings were played back on a personal computer and viewed as spectrograms using Raven Pro
1.6.1(2019). A 1024-point Hann window with an FFT size of 512 points was used to plot the spectrograms. The
spectrogram display was chosen within the frequency range of 0—48kHz. All acoustic data were displayed in 20s
intervals with a display frame duration of 5s. A total of three vocalisation types were manually identified: clicks,
pulsed calls and whistles. Only whistles that had the following criteria were considered for further analysis: a
good signal to noise ratio (at least 10dB above the background noise), recognisable frequency contour from the
start to the end of the signal, and independent of other signals with no overlaps or interference. Any signals that
were either too faint, without a complete frequency contour or that overlapped with other signals were
determined to be poor quality and discarded from the analysis. The quality of whistles was visually assessed.

The contour of each whistle was clipped to visually determine the whistle types (see Table 2; Figure 2). The
whistle types were consistent with previous studies (Azevedo et al., 2007; Diaz Lépez, 2011). Whistle types were
also added to the analysis where they had a recognisable pattern which did not fall into previously identified
whistle descriptions.

Six acoustic parameters were measured by visual inspection of each whistle: duration (s), lowest frequency
(Hz), highest frequency (Hz), peak frequency (Hz), centre frequency (Hz) and inflection points. Inflection points
were identified as a change in the slope of the whistle contour (Diaz Lépez, 2011). Whistle types and acoustic
parameters were recorded by date and time before later matching with the visual data, identifying the
behavioural category, group size and group cohesion.

Table 2
Definition of the whistle types.

Upsweep Ascending whistle with no inflection point. Shows an upsweep pattern.
Downsweep Descending whistle with no inflection point. Shows a downsweep pattern.
Sine Ascending-flat-ascending or descending-flat-descending whistle with no inflection point.
Multiloop At least two inflection point with a sequence of ascending and descending patterns or vice versa.
Concave Making a U shape with descending and ascending pattern with only one inflection point.
Concave-tail Similar to the concave but with its tail skewed either to the left or right.
Convex Ascending and descending with only one inflection point, it has an ‘n’ shape.
Flat A horizontal whistle with no ascent or descent or inflection point.
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Fig. 2. Examples of each whistle type.
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Kruskal Wallis tests were applied to test the equality of medians of the selected parameters between whistle
types. The same test was used to assess the variation of selected acoustic parameters between the behavioural
activities. If a significant inequality was detected, the post-hoc Dunn test was employed to understand where
the variation arose. Statistical analyses were performed with the R software package version 3.6.1 (R Core Team,
2022).

RESULTS

Common dolphins were encountered on every survey undertaken with 22 groups recorded and followed for 8:08
hours of the total 55:37 hours of survey effort between 9January 2019 and 26 July 2022. Group size varied from
two to 18 individuals, with a median of six individuals. Subadult presence was recorded in each group, with a
range of one to four and a median of one. Species mapping revealed the coastal distribution of common dolphins,
not only within protected area zones, but also extending outside of its borders. Dolphin presence was recorded
throughout the survey routes with no specific spatial variation (Figure 3).

The mean encounter rate was 0.16 groups per km and 1.26 individuals per km. Group and individual encounter
rates were highest off the cost of Glizelcamli. The highest number of individuals was also recorded in coastal
cells (Figure 4).

Travel-related behaviour (TR, TR-DV, TR-F) formed 64% of the total behavioural sampling, followed by
interaction and diving activities, each responsible for 14% of total recordings. Of the dolphins recorded as
interacting with vessels, 73% interacted with the research vessel. Resting behaviour formed just 1% of recordings
(Figures 5 and 6). While travelling behaviour was recorded throughout the survey routes, socialising and feeding-
related behaviour (DV and SU-FE) were concentrated in the northern waters of our study area (Figure 5). Within
the behavioural samples, 43% were recorded within 400m of a marine vessel. On 50% of these occasions, the
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Fig. 3. Common dolphin sightings within the study area.
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Fig. 4. Group and individual encounter rates of common dolphins within the study area with warmer cells indicating a higher encounter
rate. Grey cells indicate no survey effort.
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dolphins elicited a neutral response with infrequent negative responses (movement away from the vessel (7.5%)).
The remainder of responses were positive (movement towards vessels (40%)) or undetermined (2.5%).

The hydrophone array was towed for a total of 28.42 hours. Ten groups of common dolphins had simultaneous
visual and acoustic recording, generating five hours of acoustic data (Table 3). Click trains were present in 78%
of the acoustic detections, while whistles and burst pulses respectively formed 41% and 32% of the detections.
Overall, 696 whistles were cropped from the spectrogram; only 310 whistles were identified as good quality and
therefore embedded in the further analysis. Whistles occurred in the frequency range of 1.83-47.97kHz, the
median values of low and high frequencies respectively being 7.4 and 16.53kHz. Whistle duration varied from
0.14-2.10s with a median value of 0.54s. Both peak and centre frequency had a median frequency of around

10.4kHz (Table 4).
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Table 3

Descriptive information on the encountered common dolphin groups in the Dilek Peninsula.

Date Time Encounter Best group size Pre-dominant activity Acoustic recording
01/01/2019 08:20:00 1 5 Undetermined Absence
09/01/2019 08:40:00 1 5 Undetermined Absence
09/01/2019 11:35:00 2 5 Undetermined Absence
29/07/2019 08:23:32 3 3 Travel-diving Absence
29/07/2019 09:07:57 4 2 Travel Absence
29/07/2019 09:18:55 5 2 Travel-diving Presence
29/07/2019 09:43:15 6 6 Travel-diving Absence
29/07/2019 13:27:11 7 6 Socialising Absence
30/07/2019 12:23:00 8 6 Surface-feeding Presence
20/09/2019 07:54:52 9 5 Travel-diving Presence
20/09/2019 08:12:43 10 8 Diving Presence
20/09/2019 11:20:39 11 3 Travel-diving Presence
20/09/2019 13:04:31 12 6 Travel Presence
22/09/2019 07:49:39 13 3 Diving Absence
16/01/2020 12:15:00 14 7 Travel-diving Presence
16/01/2020 12:57:00 15 5 Interaction Presence
16/01/2020 13:25:00 16 8 Interaction Presence
15/07/2020 09:43:00 17 5 Socialising Absence
15/07/2020 10:20:00 18 9 Surface-feeding Absence
25/10/2020 10:18:56 19 10 Travel Presence
07/09/2021 09:13:00 20 18 Surface-feeding Absence
07/09/2021 12:22:00 21 8 Travel Absence
26/07/2022 10:20:00 22 4 Socialising Absence
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Table 4

Summary statistic of recorded whistles of common dolphins in the Dilek Peninsula.

Min Max Mean +SE Median
Duration (s) 0.137 2.104 0.641 +0.019 0.536
Low frequency (Hz) 1,828.6 35,114.3 8,872.3 +312.3 7,397.3
High frequency (Hz) 9,438.6 47,967.1 18,706.4 +458.4 16,525.0
Peak frequency (Hz) 4,150.4 42,000.0 12,446.3 £395.9 10,405.3
Centre frequency (Hz) 4,394.5 38,531.3 12,316.2 +394.7 10,406.3
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Fig. 7. Proportion of recorded whistle types of common dolphins.

Concave and Concave-tailed formed 37% of whistle types, followed by upsweep (19%), while the least
recorded whistle was flat (1%) (Figure 7).

Whistle types showed significant variation between their acoustic specifications (p < 0.0001). Multiloop had
a significantly higher duration of whistles (median = 1s) than the rest (y? = 28.956, df = 7, p < 0.0002). Regarding
low frequency ranges, Convex, Flat and Upsweep had similar medians, ranging between 7-8kHz, while Sine
had a significantly lower median low frequency range of 4kHz (y? = 50.37, df = 7, p < 0.0001). Convex had the
highest median of high (22kHz), peak and central frequency (both 12kHz) (y*high = 104.34, df = 7, p < 0.0001;
x’peak =43.368, df = 7, p < 0.0001, y*central = 72.796, df = 7, p < 0.0001) (see Table 5).

Acoustic recordings were obtained simultaneously with five visually recorded behavioural states. 53% of
whistle recordings were generated when individuals were interacting with a boat. Travel-diving and travel-fast
held 31% of whistle production, whereas the lowest number of recordings occurred during diving and surface-
feeding behaviours, respectively forming 2% and 4% of the recordings. There were no whistles collected
simultaneously with visual observations of travelling, socialising or resting behaviour (Table 6). Furthermore,
56% of whistles were produced in cases when group cohesion was tight, compared with 18% when the group
was dispersed.

The variation of acoustic structure was significantly different between the behaviours (p < 0.0001). The
median low frequency had the highest values during travel-diving of 8kHz, but the lowest during diving of 6kHz
(x? = 26.64, df = 4, p < 0.0001). Travel-diving also held the highest medians of high frequency of 21kHz
(x*=74.41, df = 4, p < 0.0001), peak frequency of 12kHz (y* = 28.8, df = 4, p < 0.0001) and centre frequency of
11kHz (y* = 35.9, df = 4, p < 0.0001). There were no significant differences in the length of whistles between
different behaviours (y? = 7.47, df =4, p = 0.11) (see Table 6).

Classified whistle types were assigned to a behavioural activity at the corresponding time. Upsweep was the
dominant whistle type during diving and interaction behaviour making up 50% and 22%. Concave-shaped was
the dominant whistle type during interaction, surface-feeding and travel-fast, forming 20%, 50% and 28% of total
whistle types. Travel-diving had the most common convex whistle type, making up 24% of total whistle types.
There were 31 acoustic cases where a behaviour couldn’t be assigned to the whistle type (Table 7).
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Table 5
Descriptive statistics of acoustic parameters considered in whistle types.
Low frequency High frequency Peak frequency Centre frequency
Whistle type Descriptive Duration (s) (Hz) (Hz) (Hz) (Hz) Inflections
Upsweep Median 0.438 7,867 16,778 10,949 11,156 0
Mean (SE) 0.531 (+0.036) 9,702 (+822) 18,667 (+1,063) 13,392 (+905) 13,145 (+941) 0
Range 0.148-1.2489 4,731-32,451 9,835-45,199 7,313-37,031 7,875-38,531 0
Downsweep Median 0.541 7,896 15,958 9,750 10,498 0
Mean (SE) 0.559 (+0.036) 9,054 (+603) 17,364 (+928) 11,526 (+731) 11,500 (+644) 0
Range 0.3097-0.95 5,667-18,322 10,724-28,028 8,156-20,156 8,344-19,125 0
Sine Median 0.574 4,131 14,294 10,219 10,010 0
Mean (SE) 0.595 (+0.042) 6,344 (+986) 16,691 (+1,186) 11,831 (+1,104) 11,005 (+1,044) 0
Range 0.1804-1.4033 1,829-35,114 10,706-43,705 4,150-38,343 4,395-38,250 0
Multiloop Median 1.03 6,611 18,479 10,010 10,742 3
Mean (SE) 0.929 (+0.062) 7,885 (+801) 20,277 (+1,216) 11,778 (¢1,213) 11,698 (+1,030) 3
Range 0.325-1.5123 3,909-21,583 14,749-46,226 6,281-37,875 7,568-34,313 0
Concave Median 0.508 7,046 13,544 8,789 8,719 1
Mean (SE) 0.645 (+0.041) 7,562 (+210) 14,485 (+357) 9,681 (+312) 9,425 (+243) 1
Range 0.1369-1.4165 5,491-14,494 10,327-23,531 6,375-17,090 6,844-16,846 0
Concave-tailed Median 0.708 7,207 16,264 10,189 10,078 1
Mean (SE) 0.73 (£0.059) 11,008 (+1,193) 20,933 (+1,620) 14,084 (1,424) 14,422 (+1,454) 1
Range 0.1608-1.5184 5,100-32,958 11,044-47,967 7,031-42,000 7,500-38,156 0
Convex Median 0.431 8,361 22,231 12,094 11,906 1
Mean (SE) 0.613 (+0.606) 10,498 (+836) 25,641 (+1,351) 15,968 (+1,425) 16,196 (+1,409) 1
Range 0.1848-2.1035 5,009-26,133 17,256-47,458 8,301-41,906 9,521-36,188 0
Flat Median 0.621 7,731 9,808 8,391 8,484 0
Mean (SE) 0.641 (+0.092) 7,159 (+587) 10,540 (+860) 8,834 (+651) 8,942 (+609) 0
Range 0.479-0.8442 5,398-7,777 9,439-13,105 7,813-10,742 8,057-10,742 0
Table 6
The occurrence of behaviour under different whistle types.
Low frequency  High frequency Peak frequency Centre frequency
Behaviour Descriptive Duration(s) (Hz) (Hz) (Hz) (Hz) Inflections Total
DV Median 0.892 6,171 13,722 10,594 9,375 0 6
Mean (SE) 0.863+0.0858 6,122+412 15,398+1,917 11,530+1,766 10,185+797 0.5%0.342
Range 0.621-1.132 5,055-7,696 9,438-22,167 7,969-19,775 8,438-13,672 0-2
INT Median 0.565 7,789 17,294 10,715 10,969 1 166
Mean (SE) 0.672+0.0269 8,930+370 19,223+546 12,326+458 12,246+465 0.97+0.0691
Range 0.15-2.11 3,858-35,114 11,056-47,967 6,592-38,344 7,324-38,250 0-3
SU-—FE Median 0.467 6,624 14,485 7,594 8,979 1 14
Mean (SE) 0.667+0.0931 6,845+578 15,710+1,761 10,240+2,011 10,698+1,895 1+0.105
Range 0.254-1.240 3,533-13,739 10,836-36,919 7,031-35,889 7,406-34,912 0-2
TR-DV Median 0.446 7,891 21,393 12,375 11,250 1 52
Mean (SE) 0.609+0.0562 12,421+1,179 25,079+1,529 16,743+1,484 16,756+1,459 1.1+0.124
Range 0.137-1.518 4,273-32,957 12,264-47,458 6,281-42,000 6,844-38,156 0-3
TR-F Median 0.5 6,927 12,789 8,812 8,812 1 47
Mean (SE) 0.615+0.0389 8,035+633 14,388+908 10,638+849 10,526+852 0.787+0.121
Range 0.252-1.136 3,908-32,450  9,720-44,620  6,281-36,656  7,500-38,531 0-3
Table 7
Count of behavioural states that were assigned to the whistle types.
Behaviour Upsweep  Downsweep  Sine Multiloop Sine Flat Concave Concave-tailed Convex Total
DV 3 0 1 0 1 1 0 1 0 6
INT 37 14 15 16 15 1 34 22 27 166
SU-FE 1 0 1 0 1 0 7 3 2 14
TR-DV 4 7 2 7 2 0 6 9 11 52
TR-F 12 4 0 4 0 2 13 11 1 47
UND 3 1 18 0 18 0 7 0 31
Total 60 26 37 27 37 4 67 48 41 316
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DISCUSSION

Common dolphins, including subadults, were encountered in every single survey in the Dilek Peninsula and its
surrounding waters. Their continuous presence highlights the importance of the Central Aegean Sea for this
endangered species, though the recorded group sizes were relatively low and none of the sightings contained
more than 20 individuals. Common dolphins are known to form larger groups in the Mediterranean Sea
(Notarbartolo di Sciara et al., 1993). Further assessment is needed to understand the comparably low group
sizes in this area. Common dolphins were abundant throughout the Mediterranean Sea until the 1960s, but since
then have shown patchy and sparse distribution due to the cumulative impacts of various human pressures
(Bearzi et al., 2003). Their habitat preference is largely linked to prey availability, environmental parameters and
predator presence (Bearzi et al., 2005; Giannoulaki et al., 2017; Milani et al., 2017; Paradell et al., 2019), which
suggests their movement patterns are impacted by these factors. Common dolphins are now known to be
relatively abundant in the westernmost Mediterranean Sea, with the Aegean Sea suggested as one of the last
strongholds within the eastern waters (Bearzi et al., 2003).

For common dolphins observed in this study, travelling-related behaviours were the most dominant (64%),
whereas diving and surface-feeding together formed less than 25% of all behavioural recordings. The high
occurrence of travelling could indicate dolphins chasing prey while foraging; however, observed feeding activity
while travelling was only recorded in three out of 22 groups. Travelling behaviour is therefore more likely to be
indicative of the species’ movement patterns around the peninsula. Data collection has only been conducted
during daytime hours. It is possible that dolphins may engage in feeding activity at night or prefer deeper waters
for daytime foraging; dolphin preference for foraging during the night has already been documented in both the
Mediterranean Sea (Caruso et al., 2017; Giorli et al., 2016) and outside of the basin (Au et al., 2013; Henderson
et al., 2011; Wiggins et al., 2013). It remains unknown whether the limited amount of foraging observed in this
study is simply a consequence of the species’ diurnal activity patterns and habitat preference or a decline in prey
availability. There is a clear need for further investigation, especially since prey depletion has been identified as
the main reason for population decline in western Greece (Bearzi et al., 2008; Cafiadas and Hammond, 2008;
Gonzalvo et al., 2011; Piroddi et al., 2010). As Turkey holds a large fishing fleet (with 27% of the coastal fishing
effort in the Aegean Sea) (FAO, 2020; Tokag et al., 2010), the impact of continuous fishery pressure on prey
availability should be considered.

Common dolphins show flexible feeding habits, with a preference for small epipelagic and mesopelagic fish
(Birkun, 2002; Meynier et al., 2008; Santos et al., 2004). Stomach contents of common dolphins from the North
Aegean Sea revealed sardinella, picarels, Cocco’s lantern fish, European anchovies, bobtail squid, gobies and
bogue are all part of the dolphin’s diet (Bearzi et al., 2006; Giménez et al., 2018; Meynier et al., 2008; Milani
et al., 2017). In the Dilek Peninsula, coastal fisheries mainly target saddled and gilthead seabream, red and
common mullet, salema and black scorpionfish, which are also identified as part of the common dolphin diet
(Akyol and Ertosluk, 2010; Bearzi et al., 2008). These fish migrate in search of food (Cockcroft et al., 1990; Skrivani¢
et al., 1973); it is believed that dolphins will move in accordance with the distribution of their prey to improve
foraging success (Bearzi et al., 2006; Milani et al., 2012). There is a further need to understand if the documented
movement of common dolphins during the current study is related to the foraging behaviour of the species.

The small group sizes reported in our study (maximum of 18 individuals per group) raises concerns since
common dolphins tend to form larger aggregations of up to 70 individuals (Notarbartolo di Sciara et al., 1993).
Group sizes reported in the Aegean Sea are typically lower, rarely exceeding 35 individuals (Alan et al., 2018;
Milani et al., 2019; Pietroluongo et al., 2020). Variation in dolphin group sizes can be related to the animal’s
activities, prey availability, predator presence and habitat preference (Acevedo-Gutiérrez, 2002; Bearzi et al.,
2003, 2005, 2008; Mann et al., 2000; Santos and Rosso, 2007). Previous studies report a tendency to encounter
smaller groups within coastal protected waters, while dolphins may form larger aggregations in open waters to
facilitate detection of patchy food sources within a vast area and increase protection from predators (Santos and
Rosso, 2007; Wursig, 1986). Dolphins tend to form larger aggregations when travelling and socialising; group
sizes can have more variation when foraging and feeding (Bearzi et al., 2003; Santos and Rosso, 2007; Wiirsig,
1986). While travelling was the dominant behaviour in our study, the groups encountered were small. These
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small group sizes may reflect the geography of the basin: the Aegean Sea is almost landlocked as coastal habitats
dominate the area (Poulos et al., 2020; Velaoras and Lascaratos, 2005). It could also indicate some degree of
disruption as previous studies within the Aegean Sea report larger group sizes (Alan et al., 2018; Milani et al.,
2019; Pietroluongo et al., 2020). This potential development is of concern, especially as the species has shown
a steady population decline in other regions, including the Alboran Sea, Malta, south-eastern Tyrrhenian Sea
and lonian Sea (Bearzi et al., 2003; 2005; 2008; Forcada and Hammond, 1998; Mussi et al., 2002; Stockin et al.,
2004). Nevertheless, due to the lack of long-term data from this area, it is difficult to assess if the small group
sizes reported in this study might be an indicator of common dolphin population decline in the Aegean Sea.
Despite the small group sizes, the presence of subadults in each group highlights the importance of this area as
a suitable nursing habitat. Nursing grounds are considered critical habitats crucial for species survival (Hall et al.,
1997) and should be prioritised in research and management to ensure effective conservation (Bearzi et al.,
2004).

The acoustic analyses of this study increased our understanding of the whistle characteristics of common
dolphins around the Dilek Peninsula. The whistle frequency ranged between 1.8-47.9kHz with a duration of
0.14-2.10s (median 0.54s). While this is the first research effort on common dolphin whistles around the Dilek
Peninsula, common dolphin whistles have been studied in other areas of the Mediterranean: the Alboran and
Tyrrhenian Sea (Papale et al., 2014), lonian Sea (Azzolin et al., 2019) and Black Sea (Panova et al., 2020). For
example, whistle duration of common dolphins recorded in the Black Sea is longer with a median duration of
1.04s (Panova et al., 2020). However, direct comparisons of whistle parameters between different studies are
often challenging due to variations in method, sample size and study area (Quick et al., 2008). Further, since
delphinid communication is complex, slight variations in whistle characteristics between studies can be caused
by a variety of factors, including ambient, natural and anthropogenic noise levels (Ding et al., 1995a; 1995b;
Rendell et al., 1999).

Whistles were predominantly recorded when the focal group was interacting with vessels. This specific context
requires further investigation, particularly given that most interactions were with the research boat. It could
provide an explanation for the variation in whistle types, with ‘concave’ and ‘concave-tailed’ being the dominant
patterns, compared with elsewhere in the Mediterranean where the ‘Upsweep’ whistle pattern is most commonly
recorded (Azzolin et al., 2019; La Manna et al., 2020). Vessel noise (Gospic et al., 2016; Heiler et al., 2016) and
behavioural context may impact whistle characteristics (Diaz Lépez, 2011; La Manna et al., 2020). Whistles
emitted in close proximity to a boat may function as a social defence mechanism against a threat and can be
used to aid group cohesion. This is supported by the fact that 56% of whistle production recorded in this study
occurred when the group was in tight cohesion. Studies of bottlenose dolphins have demonstrated that whistles
are primarily communication signals, which can vary depending on behavioural and social context (Diaz Lopez,
2011; La Manna et al., 2020), playing an important role in social interactions and maintaining group cohesion
(Diaz Lépez, 2011; Oswald et al., 2008). Therefore, the frequent production of whistles in close proximity to
marine traffic could indicate the necessity to maintain social cohesion during disruption. This high whistle
production also comes with a potential cost to the energy expenditure of the group (Heiler et al., 2016). Despite
the Dilek Peninsula having notable marine traffic, interaction between common dolphins and boats was only
recorded on 40 occasions which prevented further analysis of visual and acoustic alterations in behaviours.
Further studies should consider the pressure of marine traffic on this endangered dolphin. As further data are
collected in this region, analysis of how behaviour and whistle type are affected by the presence of marine traffic
should be performed, as has already been done for other marine mammal species (e.g., Akkaya Bas et al., 2017;
Christiansen et al., 2013; Clarkson et al., 2020; Luis et al., 2014; Rudd et al., 2022)

While travelling was the dominant behavioural activity of the observed groups, the presence of associated
whistles was never recorded. Nevertheless, travel-fast and travel-diving were responsible for the second highest
whistle emissions, outlining the need for group cohesion during this activity (Henderson et al., 2011), but not
explanining the reasons behind the lack of whistles while travelling. It is important to bear in mind that
the acoustic results presented here are preliminary in their nature since whistles were recorded from only
22 groups of dolphins. Further acoustic studies are required to develop our knowledge on vocal repertoire and
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its variation in relation to behavioural context. In addition, for logistical and financial reasons, the current study
mainly targeted the northern part of the existing marine protected area, meaning there is a knowledge gap as
to the southern boundaries. Extending the survey area to encompass this region should be a future research
priority.

In conclusion, despite sparse research effort, the Aegean Sea has been proposed as one of the few remaining
habitats to hold relatively abundant populations of common dolphins in the eastern Mediterranean (Bearzi et
al., 2003; Dede and Oztiirk, 2007; Frantzis et al., 2003; Milani et al., 2017; Oztiirk and Oztiirk, 1998). Since
common dolphins have declined dramatically, urgent research and conservation actions are needed, specifically
in locations where data is scarce, such as the eastern and southern Mediterranean (Reeves et al., 2003). Any
identified stronghold of this endangered population must be protected. Little progress has been made in
understanding the species’ biological/ecological needs and the causes of its regional decline. This study presents
preliminary results on common dolphins in a protected area within the Aegean Sea. The Dilek Peninsula National
Park represents only a portion of the home range of these common dolphins. We therefore suggest the protected
areas should be extended and further research/conservation measures are put in place to ensure effective
management of the endangered short-beaked common dolphins within Turkey’s oldest protected area.
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