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Marine traffic has been identified as a serious threat to Mediterranean cetaceans with few
mitigation strategies in place. With only limited research effort within the Eastern Basin,
neither baseline species knowledge nor the magnitude of threats have been
comprehensively assessed. Delineating the extent of overlap between marine traffic and
cetaceans provides decision makers with important information to facilitate management.
The current study employed the first seasonal boat surveys within the Eastern
Mediterranean Sea of Turkey, incorporating visual and acoustic survey techniques
between 2018 and 2020 to understand the spatial distribution of cetacean species.
Additionally, marine traffic density data were retrieved to assess the overlap with marine
traffic. Encounter rates of cetaceans andmarine traffic density were recorded for each 100
km2 cell within a grid. Subsequently, encounter and marine traffic density data were used
to create a potential risk index to establish where the potential for marine traffic and
cetacean overlap was high. Overall, eight surveys were undertaken with a survey coverage
of 21,899 km2 between the Rhodes and Antalya Basins. Deep diving cetaceans (sperm
and beaked whales) were detected on 28 occasions, with 166 encounters of delphinids of
which bottlenose, striped and common dolphins were visually confirmed. Spatially,
delphinids were distributed throughout the survey area but encounter rates for both
deep diving cetaceans and delphinids were highest between the Rhodes and Finike
Basins. While sperm whales were generally detected around the 1000m contour,
delphinids were encountered at varying depths. Overall, two years of monthly marine
traffic density were retrieved with an average density of 0.37 hours of monthly vessel
activity per square kilometer during the study period. The mean density of vessels was
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0.32 and 1.03 hours of monthly vessel activity per square kilometer in non-coastal and
coastal waters respectively. The Eastern Mediterranean Sea has several important
shipping lanes within the study area. Two priority areas for deep diving cetacean and a
large priority area for cetaceans were identified in the waters between Marmaris and Finike
where high cetacean encounters and dense marine traffic overlapped. The current study
revealed important habitats for cetaceans within the data deficient Eastern Mediterranean
Sea and delineated potential risk area where marine traffic should be limited.
Keywords: cetacean, spatial distribution, sperm whale, beaked whale, delphinids, marine traffic, AIS
INTRODUCTION

The Mediterranean Sea is a semi-enclosed body of water that
contains extensive areas of abyssal waters, deep basins and
trenches bounded by steep slopes. The most easterly part of
the Mediterranean Sea is also known as the Levantine Sea, of
which Turkey’s coastlines covers 1577km. Previous studies have
reported seven species of cetaceans commonly observed within
the Eastern Mediterranean Sea of Turkey; sperm whales
(Physeter macrocephalus), Cuvier’s beaked whales (Ziphius
cavirostris), fin whales (Balaenoptera physalus), bottlenose
dolphins (Tursiops truncatus), striped dolphins (Stenella
coeruleoalba), common dolphins (Delphinus delphis), and
Risso’s dolphins (Grampus griseus) (Güçlüsoy et al., 2014;
Akkaya Bas ̧ et al., 2016; Öztürk et al., 2016; Akkaya et al., 2020).

Sperm whales and Cuvier’s beaked whales are deep-diving
species that generally live in pelagic areas characterized by deep
basins and trenches or steep slopes (Heyning, 1989; Praca and
Gannier, 2008; Praca et al., 2009; Notarbartolo di Sciara and
Birkun Jr, 2010). As such, their distribution is closely related to
bathymetry, with distinctive preference for depths of 1000m and
500-1500m for sperm whales and Cuvier’s beaked whales,
respectively (Frantzis et al., 2003; Boisseau et al., 2010; Frantzis
et al., 2014). Sperm whales in the Mediterranean have been
described as genetically different from the Atlantic population,
with estimates of less than 300 individuals for the Eastern
Mediterranean (Drouot et al., 2004; Engelhaupt et al., 2009;
Frantzis et al., 2014; Lewis et al., 2018; Frantzis et al., 2019).
Ozturk et al. (2013) reported 43 sperm whale sightings in
Turkish waters between 1999 and 2014, with the majority of
the sightings occurring between Fethiye and the Rhodes Basin in
the Anadolu Submarine Canyon, one of the deepest parts of the
Mediterranean Sea. The whales were, however, present from
Gökçeada in the northern Aegean to an eastern limit of Alanya in
Turkey (Öztürk et al., 2013). Evidence suggests that the
Mediterranean subpopulation is declining and is currently
listed as ‘Endangered’ under the IUCN Red List (Reeves and
Notarbartolo di Sciara, 2006; Notarbartolo di Sciara et al., 2012;
Pirotta et al., 2021). Cuvier’s beaked whales are also regularly
observed in the Eastern Mediterranean Sea, specifically in the
Finike (Anaximander) Seamounts, the Antalya Canyon and the
Adana Trough (Akkaya Bas ̧ et al., 2016; Cañadas and
Notarbartolo di Sciara, 2018) and strandings have occurred
from Gökçeada to Karatas ̧ in the east of Turkey (Öztürk et al.,
in.org 2
2011). The species have been recently categorized as ‘Vulnerable’
on the IUCN Red List (Cañadas and Notarbartolo di Sciara,
2018). Fin whales are also considered to be ‘Vulnerable’ with a
declining population (Panigada and Notarbartolo di Sciara,
2012) and scattered sightings and strandings have been
reported along the Turkish Mediterranean coast (Stephens
et al., 2021). In addition to deep diving species, four species of
delphinid have been recorded in the Turkish waters. Populations
of bottlenose dolphins have become increasingly fragmented and
are listed together with striped dolphins as ‘Vulnerable’ by the
IUCN (Bearzi et al., 2012; Aguilar and Gaspari, 2012). Similarly,
common dolphins have a patchy distribution in the
Mediterranean and are considered ‘Endangered’ on the IUCN
Red List (Bearzi, 2003; Bearzi et al., 2021). Additionally, Risso’s
dolphins were recently recategorized from ‘Data Deficient’ to
‘Endangered’ by the IUCN (Lanfredi et al., 2021) due in part to
an estimated 50% reduction in individuals over a ten year-period
in some areas of the Mediterranean (Airoldi et al., 2015;
Azzellino et al., 2016). Their abundance appears even scarcer
in the Eastern Mediterranean Sea, with just a handful of
documented sightings and strandings (Öztürk et al., 2011;
Dede et al., 2012; Kerem et al., 2012; Ryan et al., 2014).

Anthropogenic threats and their impacts on the conservation
status of cetacean species in the Mediterranean are of significant
concern (Boisseau et al., 2010). An increasing population has
developed the necessity for increased development along the coast
(both for housing and for tourism), increased exploitation of natural
resources (both for food and for fuel), and increased shipping for
trade. This has resulted in threats to marine mammals in the
Turkish waters of the Eastern Mediterranean Sea from habitat
destruction, unsustainable fishing practices (Reeves and
Notarbartolo di Sciara, 2006; Notarbartolo di Sciara and Birkun
Jr., 2010), chemical and noise pollution (Frantzis, 1998; Frantzis,
2004; Notarbartolo di Sciara and Birkun Jr., 2010; Notarbartolo di
Sciara et al., 2012; Fylaktos and Papanicolas, 2019) and ship strikes
(Laist et al., 2001; Notarbartolo di Sciara and Birkun Jr., 2010;
Frantzis et al., 2014). Marine traffic may contribute to the
degradation and loss of cetacean habitat through temporal or
permanent changes in habitat preference (Bejder et al., 2006a;
Rako et al., 2013; Campana et al., 2015), short-term changes in
behavior (Jahoda et al., 2003; Aguilar Soto et al., 2006; Bejder et al.,
2006b; Tyack et al., 2011), or direct physical injuries due to
collisions (Panigada et al., 2006). While local traffic tends to
present a threat to coastal populations, maritime transport tends
July 2022 | Volume 9 | Article 860242
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to follow direct routes around land masses with a safe distance
from shore, often around the 1000m depth contour (Frantzis et al.,
2019). As a consequence, deep-diving cetacean species are
susceptible to the high intensity of shipping in the Mediterranean
(Notarbartolo di Sciara and Birkun Jr., 2010; Frantzis et al., 2019).
Over 6.2% of stranded sperm whales in Italy and Greece were
caused by collisions with ships, as well as 6.6% of photo-identified
individuals having visible injuries attributed to ship strikes (Pesante
et al., 2002; Abdulla and Linden, 2008). Additionally, in the
Pelagos Sanctuary, 3% of strandings were attributed to ship
strikes between 1972 and 2018 with 59% of observed injured
whales showing evidence of collisions with ships (Panigada
et al., 2020).

Thus far, there has been an inequality in the collection of data
between the eastern and western Mediterranean (Frantzis et al.,
2003; Akkaya et al., 2020) which means that it is likely that patches
of cetacean habitat remain unidentified and may overlap with a
range of the aforementioned anthropogenic disturbances (Akkaya
et al., 2020). The current study maps the distribution of the coastal
and offshore cetacean species and identifies potential risk habitats
that are likely to be under pressure from maritime traffic. The
Eastern Mediterranean Sea suffers from a dearth of knowledge
Frontiers in Marine Science | www.frontiersin.org 3
surrounding marine megafauna. Providing more knowledge on
cetacean presence, critical habitats and anthropogenic threats will
offer guidance to stakeholders forming policy and aid the
development of species conservation action plans for cetaceans
in the Turkish waters of the Eastern Mediterranean Sea.
MATERIALS AND METHODS

Study Area
The study area includes coastal zones, the continental shelf and
the high seas surrounding the Turkish coast within the Eastern
Mediterranean Sea (Figure 1), extending 55 km offshore and
approximately 470 km along the Turkish Mediterranean coast
from Marmaris to Anamur. The main survey area covered an
area of 16,396 km² in the Rhodes and Finike Basins with an
additional section to the east of 5,503 km² in the Antalya Basin.
In the south, there was partial overlap with the most northerly
section of the Special Environmental Protection Area, “Finike
Seamount Special Protected Area”, and in the west, a small area
of overlap with the eastern edge of the Marmaris National Park.
It also overlaps with two Important Marine Mammal Areas
FIGURE 1 | The main study area in the Eastern Mediterranean Sea which was surveyed using predetermined transects (shown in light blue) as well as the additional
survey area (yellow), current marine protected areas (green) and Important Marine Mammal Areas (pink). The pre-determined transects are overlaid as dashed lines.
Abbreviations: FB: Finike Basin, AC: Antalya Canyon, AT (inset): Antalya Trough, F(A)S: Finike (Anaximander) Seamounts, PRM: Piri Reis Sea Mountains, HSMPA:
High Seas Marine Protected Area, MNP: Marmaris National Park, HT-IMMA: Hellenic Trench, Deep Divers’ Sanctuary Important Marine Mammal Area, CB-IMMA:
Cilician Basin Important Marine Mammal Area.
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(IMMAs). The Hellenic Trench IMMA covers the entirety of the
Hellenic trench in Greece as well as the Turkish submarine
canyons (IUCN-MMPATF, 2017a; Notarbatolo di Sciara and
Hoyt, 2020). A small portion of the Cilician Basin IMMA
(IUCN-MMPATF, 2017b), designated for the presence of the
Mediterranean monk seals, overlaps the survey area in the
east (Figure 1).

Data Collection
Survey data were collected from a 13.95m sailing vessel with a
100hp diesel engine which typically travelled at 4 knots during
search efforts. This speed was selected to avoid introducing
significant hydrophone flow, propeller, or engine noise. The
vessel followed equally spaced zigzag transects designed using
DISTANCE software, Version 7.3 as well as the 1000m
bathymetric contour line. The predetermined tracklines
comprised 22 transects, with a total route of 644 km. The
series of visual and acoustic surveys along these transect lines
were carried out seasonally between 16th April 2018 and 14th
January 2020. In addition, the eastern section of the survey area
(Figure 1) was surveyed in April 2019 only.

Visual surveys were conducted during daylight hours, starting
half an hour before sunrise and finishing half an hour after
sunset, in Beaufort Sea states ≤4. Two observers with binoculars
were stationed at the bow of the vessel, one scanning to port (270
to 10 degrees) and the other to starboard (350 to 90 degrees). The
data logging software, Logger, Version 2010 was run
continuously for the full duration of each survey. Effort status
and environmental information were entered on an hourly basis
or when conditions changed considerably. During the visual data
collection, species identification, group size, group composition,
behavior, group cohesion, group bearing and distance, photo-
identification data and anthropogenic presence in the area
were recorded.

The acoustic surveys were conducted 24 hours per day for the
full duration of the survey, using a four omni-directional
broadband hydrophone array towed 200m behind the vessel.
The hydrophone elements can be used for high and low
frequency monitoring and have a range between 10Hz –
200kHz. Acoustic signals were digitized using a Behringer U-
Phoria UMC404HD sound card sampling up to 192kHz. The
acoustic software PAMGuard, Version 1.15.15 Core (www.
pamguard.org), was used throughout all surveys, scanning
incoming signals for clicks and whistles. The PAM operators
on the vessel were responsible for logging acoustic detections of
cetaceans. The operator filled out an acoustic form at 15-minute
time intervals for species presence, acoustic type and strength,
and background noise. A scale from 0 (nothing heard) to 5
(nothing else can be heard) was used to quantify acoustic signals
as in Ryan et al. (2014). Both visual and acoustic data were used
in the subsequent analysis of the relative abundance of
each species.

Data Analysis
During analysis, both acoustic and visual detections were classed
as encounters and detected species were mapped at point of first
detection for each cetacean group in QGIS (version 3.14). If a
Frontiers in Marine Science | www.frontiersin.org 4
cetacean group was logged both visually and acoustically
(determined by a difference in detection time of less than 2
minutes), then only the visual detection was used. This was to
ensure that there was no overestimation of abundance. In order
to perform spatial comparisons of different areas, a grid of
hexagonal cells was created spanning the survey area.
Hexagonal tessellation has shown advantages over the
traditionally used square cells when visualizing data (Birch
et al., 2007), as it offers a better representation of the visual
and acoustic detection area around the vessel (Paradell et al.,
2019). Further, hexagonal cells show a better connectivity, as the
central point is the same distance from the central point of all
neighboring cells (Birch et al., 2007; Paradell et al., 2019). The
grid generated 286 hexagonal cells of height 10.746 km and
width 10.746 km, corresponding to an area of 100 km2 per cell.

Cetacean Encounter Rates
When calculating the encounter rate, the number of groups in
each hexagonal grid cell were summed using the ‘Count points in
polygon’ tool in QGIS. The total distance travelled by the survey
vessel in each cell was calculated using the ‘Sum line lengths’ tool
in QGIS. In order calculate the encounter rates (ER), the
following formula was used:

ER =  n=L

where n is the number of group encounters per cell and L is
the survey effort (distance travelled by the survey vessel in
kilometers). This value was then multiplied by 100 to get the
encounter rate per 100km to make it comparable with other
studies in the region (e.g., Boisseau et al., 2010; Ryan et al., 2014).
The majority of encounters were detected acoustically, making
group size more ambiguous as not all individuals in a group will
necessarily be vocalizing at the same time. Thus, encounter rates
were calculated as ‘number of groups of cetaceans per hundred
kilometers’ rather than ‘number of individuals per hundred
kilometers’. It is generally accepted that in order to avoid
artificial inflation of encounter rates due to small sample
biases, cells where a distance less than the diagonal of the cell
has been covered by the research vessel (in this case 12.408km)
should be removed from further analysis (e.g., Bearzi et al., 2006;
Dinis et al., 2016). The total encounter rate was further pooled
into delphinids and deep-diving cetaceans.

Depth data for each encounter was derived and integrated
from the General Bathymetric Chart of the Oceans (GEBCO)
using the ‘Sample from raster’ tool and distance to the nearest
coast was calculated using the ‘Distance to nearest hub’ tool
in QGIS.

Marine Traffic
Vessel density data were retrieved from the European Marine
Observation and Data Network (EMODnet)’s Human Activities
Data Portal (www.emodnet-humanactivities.eu). Full details on
how vessel density by EMODnet is calculated are given in
EMODnet (2019). In brief, EMODnet converts received
Automatic Identification System messages from vessels (at a
three-minute resolution) into reconstructions of ship track lines
between these points. Each line is then intersected with a grid of
July 2022 | Volume 9 | Article 860242
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cells at a 1km x 1km resolution and the length and duration
attributes attached to each line are used to calculate the length of
time spent by a vessel in each cell. As a result, vessel density for
EMODnet data is expressed as hours per square kilometer per
month (EMODnet, 2019).

Monthly raster data was retrieved from April 2018 until
March 2020 (n=24 files) and data was mean averaged using
the ‘Raster’ package in R (version 4.1.2) resulting in a single
raster averaged across the two-year period. The zonal statistics
tool in QGIS was then used to down-sample these data to match
the resolution of the grid of 100km2 hexagonal cells to give the
mean hours per square kilometer per month of each cell. In order
to identify any seasonal variation present, monthly raster data
was grouped into seasons [defined as spring: March, April, May;
summer: June, July, August; autumn: September, October,
November and winter: December, January, February (n = 6
files per season)]. For each season, the zonal statistics analysis
used for the overall data was repeated to create four seasonal
marine traffic density vector layers.

When comparing between coastal and offshore cells, coastal
cells were considered those directly touching land or with a
centroid that was 200m or shallower, whilst offshore cells did
not intersect with land and had a centroid with a depth greater
than 200m. In order to investigate which species were detected
in cells with the most marine traffic, each detection was
intersected with the corresponding seasonal marine traffic
density vector layer using the ‘Join attributes by location’ tool
in QGIS.
Potential Risk Areas
As this study represents the first two years of systematic cetacean
surveys in this region, the dataset collected was not large enough
to create species habitat suitability models as has previously been
done when analyzing collision risk for larger datasets (e.g.,
Blondin et al., 2020). Thus, a simpler method was created to
identify potential risk areas where both cetacean encounter rates
and levels of marine traffic were high.

As deep diving cetaceans and delphinids travel considerable
distances, a kernel density analysis was undertaken to create a
raster surface first of deep diving cetaceans and then delphinids
across the survey area. In order to do this, the centroid of each
encounter rate cell created in 2.3.1 was created in QGIS. Using
the encounter rate of each point as a weighting, a density raster
was created using a ten-kilometer search radius and a 1km2 cell
size (so as to correspond with the cell size of the existing marine
traffic density raster).

Due to the skew of both marine traffic density and encounter
rate data, a log-transformation was performed to coerce the data
towards a normal distribution. During the log-transformation,
raster cells with a value of zero for any raster, were given a ‘null’
value by QGIS as a result of trying to log-transform zero. As a
zero value in any raster cell indicates there was no spatial overlap
between cetaceans and marine traffic in this cell, it indicates there
is no risk and so would have been given a null value in a later
stage of the analysis, and therefore this was not considered
an issue.
Frontiers in Marine Science | www.frontiersin.org 5
So that encounter rate and marine traffic had an
approximately equal influence on the potential risk index, both
encounter rate rasters were normalized between 0 and 1 using:

zi = xi −min xð Þð Þ=  max xð Þ −min xð Þð Þ
where zi is the ith normalized cell value in the raster, xi is the

ith cell value in the original raster, min(x) is the minimum cell
value in the raster and max(x) is the maximum value in the
dataset. Potential risk index for each cell was then calculated as

PRIi = ERi ∗MTDi

where PRIi refers to the potential risk index for the ith cell,
ERi refers to the transformed encounter rate for the ith raster cell
is encounter rate >0 and MTDi refers to the transformed marine
traffic density for the ith raster cell with marine traffic density >0.
Values for potential risk index were then normalized between 0
and 1 to make them easier to interpret. A potential risk index was
created for deep diving cetaceans and delphinids separately. All
raster analyses were conducted in the raster calculator in QGIS.
Due to the low percentage of cells with sufficient survey effort
(>12.408km) at a seasonal scale, the potential risk index was only
calculated for the total data and not for each season.

Critical Habitats
In order to identify critical habitats for deep diving cetaceans and
delphinids, a kernel density analysis was again run in QGIS using
the centroids of each of the hexagonal cells. The kernel density
analysis was weighted using the potential risk index and used
radii of 24.816km (i.e., twice the diagonal diameter of a
hexagonal cell), and a cell size of 1km2. The ‘contour’ tool in
QGIS was used to draw contours around the highest 20% of
potential risk cells and then the ‘lines to polygons’ tool was used
to convert these into polygons in order to measure the area of
critical habitats for both deep diving cetaceans and
for delphinids.
RESULTS

Surveys with a total effort of 52 days were conducted from 16th
April 2018 to 14th January 2020 which covered eight separate
seasons (two surveys in each spring, summer, autumn and
winter). Spring and summer were the seasons with the most
survey effort (distance travelled by the research vessel) with
31.4% and 27.2% of the total survey effort, respectively.
Autumn and winter were the least surveyed seasons with
16.2% and 24.6% of the survey effort in total (Table 1). During
the study, 191 visual and acoustic detections were recorded, of
which 25 were deep diving cetaceans, 25 were identified
delphinids and 141 were unidentified delphinids (Table 1).

Survey Effort
Considering the zig-zag nature of transects, survey effort was
generally well distributed within the core survey area with a
survey effort which was greater than the diagonal of the cell
(12.408km) to allow encounter rates to be calculated in 114 out
July 2022 | Volume 9 | Article 860242
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of 227 cells (50.2%) in the main study area and just 2 cells in the
additional survey area (Figure 2).

Distribution and Encounter Rates of Deep
Diving Cetaceans and Delphinids
Deep diving cetaceans were detected on 25 occasions, mainly to
the west of the survey site between Rhodes and Kekova Island
and consisted of sperm whales (n=22) and beaked whales (n=3).
When accounting for survey effort (with insufficient survey effort
removed), the median encounter rate for deep diving cells was 0
groups per 100 km due to a low number of overall detections
with a mean of 0.31 groups per hundred kilometers. The highest
encounter rate of 8.3 groups of deep diving cetaceans per 100km
were in the waters off Fethiye. 60% of sperm whale detections
(n = 13) occurred within 3km of the 1000m bathymetric contour.
Sperm whale distribution had a median depth of 996.5m and a
median distance from shore of 10.9km. Cuvier’s beaked whales
had a slightly deeper median depth of 1,236m and were found at
a similar median distance offshore of 9.6km (Figures 3, 4
and Table 2).
Frontiers in Marine Science | www.frontiersin.org 6
Delphinids were encountered throughout the entire survey
area, from Marmaris to Alanya on 166 occasions (Figures 3, 4;
Table 1). Bottlenose dolphins (n = 17) were found in shallower
waters than other identified cetaceans, with a median depth of
692m and were also detected the closest to shore with a median
distance of 7.4km. Common dolphins (n=6) and striped
dolphins (n=2) were found at considerably deeper median
depths of 1379m and 1899.5m, respectively. Whilst common
dolphins were encountered at a similar median distance from
shore to bottlenose dolphins (8.3km), striped dolphins had a
median distance from shore of 16.2km. Unidentified delphinids
had a median depth of 1756m and a median distance from shore
of 18.6km (Figures 3 and band 4; Table 2). In comparison to the
deep diving cetaceans, there was far less of a pattern in delphinid
encounter rates, with encounter rates spread throughout the
survey site. The median encounter rate for delphinids of 2.3
groups per 100 km was x times higher than that of the deep
diving cetaceans. The median encounter rate for all cetaceans
was 2.7 groups per 100 km and the highest encounter rate of 13.4
groups per 100 km was found in offshore waters between Fethiye
FIGURE 2 | Survey effort in kilometres covered by the research vessel per cell in the Eastern Mediterranean Sea surrounding Turkey with darker blue cells showing
areas with more than 12.408km of boat track line (suitable for encounter rate analysis), lighter blue cells showing less than 12.408km and white cells showing no
survey effort.
TABLE 1 | Summary of cetacean encounters by season.

Season Total Survey
Days (km)

Total
Encounters

Deep Diving Cetaceans Delphinids

Sperm whales Cuvier’s beaked
whales

Bottlenose
Dolphins

Common
Dolphins

Striped
Dolphins

Unidentified
Delphinids

Spring 17 (1972km) 41 7 0 6 2 0 26
Summer 14 (1712 km) 63 14 1 7 4 0 37
Autumn 11 (1021 km) 39 1 1 3 0 0 34
Winter 10 (1584 km) 48 0 1 1 0 2 44
Total 52 (6289km) 191 22 3 17 6 2 141
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and Kas ̧. There was no clear spatial pattern between the highest
overall encounter rates, but 16 of the 20 cells with the highest
overall cetacean encounter rate were found in the Hellenic
Trench Important Marine Mammal Area. Marine Traffic

Retrieved vessel density showed vessel presence across the
entire survey area (Figures 3, 4). The average monthly hours of
Frontiers in Marine Science | www.frontiersin.org 7
marine traffic per square kilometer was 0.37 (median absolute
deviation (MAD): ± 0.29) with density increasing to more than
300 average monthly vessel hours per square kilometer in four
cells near major ports in Marmaris, Antalya and Fethiye (n=2).
Traffic was also higher around the coastline in general and a
shipping lane running east-west as well as either side of Rhodes.
FIGURE 3 | (Upper) Groups of delphinids per 100 km in the Eastern Mediterranean Sea with darkening blue representing an increased number of delphinid groups.
(Middle) The distribution of different delphinid species with bottlenose, striped, common and undetermined groups of delphinids denoted by blue circles, green
diamonds, hollow circles and filled triangles respectively. Distribution is superimposed onto the average monthly marine traffic (hours per square kilometre) with
darkening red signifying higher traffic. Marine vessel information used in this figure was made available by the EMODnet Human Activities project, www.emodnet-
humanactivities.eu, funded by the European Commission Directorate General for Maritime Affairs and Fisheries. The 1000m contour is shown with a 3km buffer area
around the contour. (Lower) Potential risk areas where the presence of delphinids and marine traffic were both high during the study period. Darkening purple shows
an increased potential for risk.
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For the entire survey area, coastal cells had a median of 1.03
average monthly vessel hours per square kilometer (MAD: ±
1.50), whilst offshore cells (those not directly connected to the
coast or adjacent to the coast with a depth of less than 200m) had
a median of 0.32 (MAD: ± 0.21).

In areas where marine protected areas overlapped the study
area, the average monthly vessel hours per square kilometer was
0.30 (MAD: ± 0.13) and 11.53 (MAD: ± 14) for the cells in Finike
Special Protected Area and Marmaris National Park,
respectively. For cells in the Hellenic Trench IMMA, average
monthly vessel hours per square kilometer was 0.43 (MAD: ±
0.31) whilst in the Cilician Basin it was 0.26 (MAD: ± 0.21).
There were large seasonal differences in marine traffic with
summer having the highest monthly vessel hours per square
kilometer with 0.65 (MAD: ± 0.34) and winter the lowest with
0.09 (MAD: ± 0.11). This seasonal difference was most evident in
coastal cells where summer marine traffic density was more than
13 times that of winter marine traffic (Table 3).

Sperm whales were detected in cells with a median of 0.98
(MAD: ± 0.58) monthly vessel hours per square kilometer, whilst
Cuvier’s beaked whales were found in areas with a median of 0.59
(MAD: ± 0.08). Of the delphinids, bottlenose dolphins were
detected in areas that had the highest levels of marine traffic
throughout the study period with a median of 0.80 (MAD: ±
0.87) monthly vessel hours per square kilometer. Common
dolphins and unidentified delphinids were found in cells with
relatively similar levels of marine traffic with median densities of
0.64 (MAD: ± 0.29) and 0.52 (MAD: ± 0.53) whilst striped
dolphins were found in considerably less dense areas of 0.03
(MAD: ± 0.02) monthly vessel hours per square kilometer.
Frontiers in Marine Science | www.frontiersin.org 8
Potential Risk Areas
The highest potential for risk for deep divers were in the channel
of water that runs between Turkey and Rhodes and in cells that
surround the 1000m contour in Marmaris Bay to the West of
Antalya Bay. The majority of the potential high-risk cells
overlapped with the shipping lane identified during the marine
traffic density analysis and also fell within the Hellenic Trench
Important Marine Mammal Area. Cells further to the east had
comparatively lower potential risk scores (Figure 3). Delphinids
followed a similar patter with higher risk cells generally in the
west of the survey area, along the same shipping lane. In
addition, potential risk for delphinids was high around ports
(Marmaris, Fethiye and Kas ̧). The potential risk index scores in
Antalya Bay were generally much lower than in the west of the
study area (Figure 4).

Critical Habitats
For deep diving cetaceans two critical habitats were delineated,
the first in the waters between Marmaris and Fethiye, and the
second in the waters off Kas ̧. The two critical habitats were
roughly even in size (511.1 km2 and 664.3 km2 respectively). A
single large critical habitat was identified spanning the waters
from Rhodes Basin to the Piri Reis Sea Mountains (2516.7 km2)
(Figure 5). Over 99% (1170.1 km2) of the deep diving cetacean
critical habitat overlapped with the area identified as a critical
habitat for delphinids. Nearly 85% (996.2km2) and 92%
(2305.7km2) of deep diving cetacean and delphinid critical
habitat overlapped with the Hellenic Trench IMMA
respectively. None of the critical habitats overlapped with any
existing protected areas (Figure 5).
TABLE 2 | Summary of depths and distances from the nearest shore of deep diving cetaceans and delphinid species in the study area.

Species Median Mean ( ± SE) Range

Sperm whales (n=22) Depth (m) 996.5 235.8 (± 139.9) 149 - 2391
Distance (km) 10.9 12.6 (± 1.9) 0.9 - 40.0

Beaked whales (n=3) Depth (m) 1236.0 1497.3 (± 552.6) 698 - 2558
Distance (km) 9.6 13.0 (± 4) 8.3 - 21.0

Bottlenose dolphins (n=17) Depth (m) 692.0 1037.1 (± 276) 23 - 3829
Distance (km) 7.4 10.4 (± 2.7) 0.2 - 39.1

Common dolphins (n=6) Depth (m) 1379.0 1713.3 (± 454.8) 574 - 3057
Distance (km) 8.3 10.3 (± 2.4) 4.5 - 18.5

Striped dolphins (n=2) Depth (m) 1899.5 1899.5 (± 852.5) 1047 - 2752
Distance (km) 16.2 16.2 (± 10.7) 5.5 - 26.8

Unidentified delphinids (n=141) Depth (m) 1756.0 1816.7 (± 87.4) 41 - 3992
Distance (km) 18.6 19.2 (± 1) 0.4 - 50.3
July 2022 | Volume 9 | A
TABLE 3 | Summary of seasonal differences in vessel density for different regions within the survey area.

Season All Cells Coastal Cells Offshore Cells Cilician IMMA Hellenic Trench IMMA

Spring 0.34 ( ± 0.29) 0.62 ( ± 0.86) 0.30 ( ± 0.24) 0.39 ( ± 0.34) 0.38 ( ± 0.26)
Summer 0.65 ( ± 0.54) 2.06 ( ± 2.96) 0.60 ( ± 0.42) 0.30 ( ± 0.22) 0.77 ( ± 0.59)
Autumn 0.28 ( ± 0.32) 0.97 ( ± 1.35) 0.23 ( ± 0.25) 0.16 ( ± 0.06) 0.42 ( ± 0.34)
Winter 0.09 ( ± 0.11) 0.15 ( ± 0.23) 0.08 ( ± 0.08) 0.14 ( ± 0.14) 0.13 ( ± 0.15)
Yearly median 0.37 ( ± 0.29) 1.03 ( ± 1.50) 0.32 ( ± 0.31) 0.26 ± (0.21) 0.43 ( ± 0.31)
Units are median hours of vessel activity per square kilometer per month with median absolute deviations in brackets.
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DISCUSSION

The current study is the longest ongoing cetacean research
project, spanning all seasons, in the Turkish Eastern
Mediterranean Sea. This study builds off the preliminary
Frontiers in Marine Science | www.frontiersin.org 9
results of Akkaya et al. (2020) to include two complete years of
data collection. Of the seven cetacean species regularly found in
Turkish waters (Öztürk et al., 2016), five were detected during
this study, although bottlenose dolphins were the only species to
be seen throughout all seasons (Table 1).
FIGURE 4 | (Upper) Groups of deep diving cetaceans per 100 km in the Eastern Mediterranean Sea with darkening blue representing an increased number of
delphinid groups. (Middle) The distribution of different deep diving cetacean species with sperm whales and Cuvier's beaked whales denoted in green and purple
circles respectively. Distribution is superimposed onto the average monthly marine traffic (hours per square kilometre) with darkening red signifying higher traffic.
Marine vessel information used in this figure was made available by the EMODnet Human Activities project, www.emodnet-humanactivities.eu, funded by the
European Commission Directorate General for Maritime Affairs and Fisheries. The 1000m contour is shown with a 3km buffer area around the contour. (Lower)
Potential risk areas where the presence of deep diving cetacean and marine traffic were both high during the study period. Darkening purple shows an increased
potential for risk.
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Distribution and Encounter Rates
As expected, the different species had varying distribution, albeit
with considerable spatial overlap with each other and maritime
traffic (Figures 3, 4). Deep diving species were encountered
mainly in the west, with 23 out of 25 (92%) of the sightings
occurring in the bathymetric irregularities that stretch east from
the Rhodes basin to the end of the Finike Basin (Figure 3).
Bathymetry has been shown to be important in relation to the
distribution of the deep diving species (sperm whales and beaked
whales) (Frantzis et al., 2003; Frantzis et al., 2019). The Hellenic
Trench is considered by Podestà et al. (2016) to be the largest
“high-density areas of occurrence” in the Mediterranean for
Cuvier’s beaked whale as well as a core habitat with year-
round presence of the eastern Mediterranean sperm whale
population (Frantzis et al., 2011; Frantzis et al., 2019).
(Frantzis. et al.’s 2019) study along the Hellenic Trench
recorded 74% of the detected sperm whales to be within 3km
of the 1000m contour with density decreasing as water depth gets
shallower or deeper. The current study found that 60% of the
deep diving species were recorded within 3km of the 1000m
contour with a median respective depth of 999m, although
individuals also occurred in much shallower (149m) and much
deeper waters (2391m). Furthermore, in the Greek areas of the
Hellenic Trench, Cuvier’s beaked whales have also shown a
preference for depths of 500 to 1500m depth as well as any
steep sloping bathymetry (Frantzis et al., 2003). The median
value of 1236m found in this study aligned well with the findings
in adjoining waters, although it should be noted that this is for
just three recorded individuals, one of which was considerably
deeper (2558m). Due to the close proximity and overlap of the
Hellenic Trench to the current study area and similarities in
depth parameters, it is more than likely that the home range of
the sperm whales and Cuvier’s beaked whales extends across the
Frontiers in Marine Science | www.frontiersin.org 10
waters surrounding both Greece and Turkey (Akkaya
et al., 2020).

Delphinids were distributed throughout the entire survey area
from Rhodes Basin to Antalya Basin, ranging from coastal waters
to 50.3km offshore. In the Mediterranean, bottlenose dolphins
are generally found in shallow waters along the continental shelf
and in productive waters up to 600m depth (Bearzi, 2003; de
Stephanis et al., 2008). However, the current study reported a
median depth preference of 692m with detections of the species
occurring up to a depth of 3,829m. Therefore, it is likely that as
well as the commonly occurring coastal population, the Eastern
Mediterranean Sea may also hold an offshore distribution of the
bottlenose dolphins. Further research is needed to understand
the reasons behind these offshore sightings as they may indicate
that the home range of the coastal population extends to the
deeper waters, that the species has separate offshore populations
or that the species may show long-distance movement patterns,
none of which have previously been reported in the
Mediterranean Sea. Additionally, the majority of the delphinids
which could not be identified to species level, were detected with
a median depth of 1756m. Some delphinids depend on certain
cephalopod species and abundance of these species needs to be
investigated. Öztürk et al. (2007) examined the cephalopod
remains from the stomachs of three striped dolphins and two
Risso’s dolphins (Grampus griseus) taken as bycatch in the
swordfish industry in the eastern Mediterranean Sea off the
Turkish coast. In total, 478 lower beaks were identified as
belonging to 14 cephalopod species, some of which are only
found in deep seas. This stresses the importance of not just
coastal waters, but also deep-sea ecosystems for delphinids
within the Eastern Mediterranean Sea of Turkey.

In terms of seasonal distribution, sperm whales were mostly
detected in spring and summer months with only one individual
FIGURE 5 | Areas of the Eastern Mediterranean Sea surrounding Turkey deemed critical for delphinids (blue) and deep diving cetaceans (pink). Note that both
critical areas for deep diving cetaceans fell within the critical area for delphinids and thus are shown in a purple colour.
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identified in autumn and none in winter (Table 1). The
additional two seasons (autumn and winter) of data here, were
further confirmation of (Akkaya et al.’s 2020) findings of
seasonal presence of sperm whales in Turkish waters and
corresponds with previous works in Turkey (Ozturk et al.,
2013) and in Greece (Diogou et al., 2019) which both found
higher numbers of sperm whales in spring and summer. When
coupled with the fact that social units have been observed with
calves in this area (Akkaya et al., 2020), it suggests that this area
of the Eastern Mediterranean Sea may be an important breeding
or nursing ground in warmer seasons. Although limited data
meant that it was not possible to perform a potential risk index
analysis for each season, the trends for increased marine traffic
found in summer are concerning.

In contrast to Bas ̧ et al. (2016), who detected bottlenose
dolphins, in just spring and summer in the coastal water of the
Gulf of Antalya, this study detected bottlenose dolphins across all
seasons. Common dolphins were only seen in summer months,
however, this is possibly a result of limited data collection as they
have been recorded year-round in the adjoining Greek (Milani
et al., 2019) and Turkish (Akkaya et al., in review) areas of the
Aegean Sea. There were not enough beaked whale or striped
dolphin detections recorded to analyze their seasonal
distribution but filling this important data gap should be
considered a priority in the future.

The median encounter rate of cetaceans was 2.7 groups per
100km (2.3 groups and 0 groups per 100km for delphinids and
deep diving cetaceans respectively) in the study area. This is
much higher than previous recordings in the region with
cetacean encounter rates of 0.68 (Boisseau et al., 2010) and
0.008 per 100km (Ryan et al., 2014). This is likely due to these
studies covering different survey areas to this study and the fact
that they consisted of single summer survey efforts, highlighting
the importance of multi-seasonal, multi-year, local efforts
(Akkaya et al., 2020).

Marine Traffic and Potential Risk
The Mediterranean is one of the world’s busiest waterways
(Notarbartolo di Sciara and Birkun Jr., 2010), and thus it is
important to understand the magnitude of overlap between
cetaceans and marine traffic. This study highlighted the overlap
in spatial usage of both the delphinids and the deep diving species
with areas of heavy maritime traffic (Figure 3). The highest levels
of marine traffic were along the coast, however, there was a notable
presence of a shipping lane in the west of the study area along the
1000m contour of the Finike Canyon, presumably due to it being a
safe depth for large boats (Frantzis et al., 2019). Whilst the median
monthly hours of vessel traffic/km2 was much lower in the Finike
Seamount Marine Protected Area than the rest of the core study
area (0.3 as opposed to 0.37), this is likely due to the Finike
Seamounts being further offshore rather than any specific
protective measures. What is more concerning, is that the
monthly median hours of vessel traffic/km2 within the Hellenic
Trench IMMA was 0.43. When compared to the median for the
entire survey area, this does not seem too high (~16% higher) but
compared to other non-coastal cells (those cells not directly
Frontiers in Marine Science | www.frontiersin.org 11
connected to land and with a centroid depth greater than
200m), it is a worrying 34% higher. The Hellenic Trench IMMA
was ranked in the top ten most at risk of ship strike IMMAs of 114
IMMAs assessed globally (WWF-IUCN-IWC-OceanMind, 2019).
The marine traffic density results in this study confirm the
potential for increased ship strike. Thus, unsurprisingly, a high
proportion of the cells considered to have a high potential risk
index score were found within the Hellenic Trench IMMA. The
western part of this IMMA has previously been proposed for a
MPA (Agardy et al., 2007). The current study has now
demonstrated the importance of the extension of Hellenic
Trench and Anadolu Seamounts, and future protective measures
must span across the international border between Greece
and Turkey.

When considering the overlap between cetaceans and
maritime traffic, sperm whales followed by bottlenose dolphins
were detected in areas with the highest density of marine traffic.
Sperm whales (Frantzis et al., 2019) and Cuvier’s beaked whales
(Carrillo and Ritter, 2010) are known to be particularly
vulnerable to shipping collisions (Panigada et al., 2006). The
work of Frantzis et al. (2019) indicated that as a result of the
major shipping route along the Hellenic Trench there is
increased mortality rates of the sperm whale population due to
ship strikes in this area. As there is only a low recruitment rate of
sperm whales (~2.5/year) in the Eastern Mediterranean, even a
small number of ship strikes would likely have population level
effects (Frantzis et al., 2019). It has been found, however, that
small changes in shipping routes could dramatically reduce risk
(Frantzis et al., 2019). By rerouting or reducing vessel speed
within these areas, the collision risk and noise pollution for
sperm whales and beaked whales could be considerably reduced
with minimal inconvenience for the shipping industry
(Vanderlaan and Taggart, 2009; Frantzis et al., 2019). While
ship strikes may be less of a direct threat to the bottlenose
dolphins’ population, increased noise and pollution levels may
come with direct and indirect consequences to the dolphin
populations such as habitat shifts and behavioral alterations
(Papale et al., 2012; Akkaya Bas et al., 2017).

Marine traffic considered within this study were retrieved
from vessels using AIS which is only mandatory for ships with
300 or greater gross tonnage (International Maritime
Organisation, 2021). According to the FAO, 82.9% of the
fishing within the Mediterranean and Black Sea is done from
small scale vessels (FAO, 2020), and this along with other small
recreational boats suggest that the actual marine traffic is a lot
higher than seen here, with smaller boats more likely to have a
predominantly coastal distribution. The impact of small boats
compared to large freight ships may vary and so it would be
beneficial to have further studies looking into the
combined impacts.

As well as the threat of increasing marine traffic, cetaceans are
also subject to other anthropogenic disturbances. These include
unsustainable fishery practices, sonar use, naval exercises and
hydrocarbon exploration (Notarbartolo di Sciara and Birkun Jr,
2010; Fylaktos and Papanicolas, 2019). The latter is of particular
concern with a recent rise in the number of oil and gas
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explorations taking place within the Eastern Mediterranean Sea.
The year-round distribution and habitat use of cetaceans within
Turkish waters of the Mediterranean encourages a reassessment
of current levels of protections of the region to counteract
excessive anthropogenic impacts.

Recommendations
The current study has delineated two habitats for deep diving
cetaceans and one for delphinids that the authors deem critical
where the area usage of cetaceans and marine traffic overlaps
(Figure 5). The first deep diving cetacean is between Marmaris
and Fethiye, the second between the Fethiye and Kas ̧ and the
delphinid critical habitat effectively encompasses the first two.
These two deep diving habitats are different in terms of nutrient
availability, which is important for primary production, thus
consequently affecting the top predators. The cyclonic Rhodes
Gyre causes nutrient enrichment, concentration of larval food
distribution and local retention of eggs and larvae (Agostini and
Bakun, 2002). In contrast to this, the Levantine Basin is
oligotrophic, which results in extremely low values of
phytoplankton abundance (Herut et al., 2017). Therefore, a
research priority is to investigate the relation between
oceanographic conditions and cetacean presence, especially
within the Finike Basin.

Well-managed MPAs have been found to be a key tool for
conservation through the regulation of anthropogenic activities
in biologically valuable areas and can simultaneously be used as
study sites for scientists (Edgar et al., 2007). According to
Woodside et al. (2006) and Öztürk et al. (2013), the Finike
(Anaximander) Seamount MPA is an important area for deep
diving mammal species like sperm whales and Cuvier’s beaked
whales. Whilst the current study did not detect these deep-diving
species and no potential risk areas were identified within the
MPA, small cetaceans were both acoustically and visually
detected in this area. The lack of detections of deep diving
cetaceans may be a result of very limited vessel coverage in this
area and efforts should be made in the future to study these
unique deep-sea habitats.

Another future research priority is the investigation of seasonal
variation in the overlap between cetaceans and marine traffic as
well as studying the magnitude of the impact of marine traffic on
different cetacean species, particularly with the variation in
seasonal marine traffic identified. Efforts have recently been
made to study the Turkish waters to the east of the current
study area to assess the species range and densities from west to
east (Akkaya, 2021) and incorporate species like fin whales which
are sighted only in the eastern part of Turkish waters (Stephens
et al., 2021). Despite this, there are still few data available on
potential risk areas where cetaceans are exposed to high shipping
densities in the Eastern basin of the Mediterranean Sea. Dedicated
long-term survey efforts prove essential to provide information on
population, density patterns, and movement of cetaceans
throughout the entire year and therefore reveal important
cetacean habitats along the Turkish Mediterranean coast
(Akkaya et al., 2020). In the meantime, this study has clearly
shown the importance of the Eastern Mediterranean Sea for the
cetaceans. Despite Turkey becoming a member of the Agreement
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on the Conservation of the Cetaceans of the Black Sea,
Medi terranean Sea and cont iguous At lant ic Area
(ACCOBAMS), which commits the country to protect cetaceans
from unregulated and uncontrolled anthropogenic activities, a lack
of scientific knowledge and threat assessment persists resulting in
unsustainable practices continuing within these waters (Akkaya
et al., 2020). Several important international agreements including
the Convention on Biological Diversity, which Turkey is a party to,
require a precautionary approach to be taken and clearly there is
enough evidence of the distribution of a range of cetaceans
throughout this area, as well as evidence of potential risks to
their prolonged survival.

Despite this study filling a considerable data gap, there is still
a great dearth of information within Turkish waters. The
findings of this work indicate a need for further study on
cetacean response to different seasons and oceanographic
variables to allow more advanced risk analyses to be performed
as well as investigation into the magnitude of impact of the
marine traffic on different species. It is imperative that Species
Conservation Action Plans are created as soon as possible for
each of these species based on current information and updated
as data gaps are filled. This will allow relevant management
measures such as rerouting marine traffic or creating marine
protected areas to minimize exposure of cetaceans to
anthropogenic threats. For highly migratory species such as
cetaceans, transboundary cooperation is also essential for the
sake of better conservation in this understudied area.
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