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Sighting data deriving from the ACCOBAMS1 Survey Initiative (ASI), conducted

through the CeNoBS2 project, enabled the investigation of the habitat preferences

for three different cetacean subspecies occurring in the Black Sea waters: the

bottlenose dolphins (Tursiops truncatus), the common dolphins (Delphinus

delphis) and the harbour porpoise (Phocoena phocoena). ASI aerial surveys,

aiming at assessing the distribution and abundance of cetacean populations, were

conducted during summer of 2019 in waters in front of Romania, Georgia, Bulgaria,

Turkey and Ukraine. The surveys allowed recording of 1716 sightings: 117 bottlenose

dolphins, 715 common dolphins and 884 harbour porpoises. The aim of this study

was twofold: (i) to develop habitat models, using physical characteristics, such as

depth and slope, as covariates, in order to estimate the presence probability of the

three cetacean species in the Black Sea; (ii) to demonstrate the usefulness of the

habitat models in support of environmental status assessments onmarinemammals

where the stressor is the shipping noise. The results of this study show the reliability

of physical covariates as predictors of the probability of occurrence for the three

species of interest in the Black Sea, providing additional knowledge, complementary

to abundance estimates, which may support the assessment of the vulnerability of

marine areas to different pressures, including noise.

KEYWORDS

large-scale survey, habitat models, marine mammals, Black Sea, impact assessment,
continuous noise, shipping noise
1 ACCOBAMS: The Agreement on the Conservation of Cetaceans of the Black Sea, Mediterranean Sea

and contiguous Atlantic area.

2 CeNoBS: Support MSFD implementation in the Black Sea through establishing a regional monitoring

system of cetaceans (D1) and noise monitoring (D11) for achieving Good Environmental Status.
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1 Introduction

The Black Sea is a naturally isolated body of water with a unique

marine environment. Three subspecies of cetaceans can be found in

there: the Black Sea bottlenose dolphin (Tursiops truncatus

ponticus) (Barabash-Nikiforov, 1940), the Black Sea common

dolphin (Delphinus delphis ponticus) (Barabash, 1935), and the

Black Sea harbour porpoise (Phocoena phocoena relicta) (Abel,

1905). For many years it was legal to catch cetaceans in the Black

Sea during commercial fishing (Smith, 1982; Birkun, 2002), causing

a decline in the populations of these three cetacean species (Smith,

1982; Zemsky, 1994; Sánchez-Cabanes et al., 2017; BSC, 2008;

Tonay and Öztürk, 2012). It was only in 1966 that such activities

were banned in the Russian Federation, Bulgaria and Romania, and

in 1983 in Turkey (Smith, 1982; Tonay and Öztürk, 2012; Sánchez-

Cabanes et al., 2017). Despite these bans, incidental and illegal

catches continue to be present and documented (Buckland et al.,

1992; Birkun, 2002; Gol’din and Gol’din, 2004). Due to the

historical situation outlined above, both the Black Sea bottlenose

dolphin and harbour porpoise have been classified as endangered

species, while the Black Sea common dolphin is listed as vulnerable

on the IUCN Red List of Threatened Species (Birkun and Frantzis,

2008; Birkun, 2012; IUCN, 2012; ACCOBAMS, 2021b;

ACCOBAMS, 2023). Besides the incidental catches, the

considered species are subject to other major anthropogenic

pressures such as collisions, underwater noise and chemical

pollution (IUCN, 2012).

Monitoring surveys in the Black Sea have been limited, with

most large-scale surveys conducted prior to 1987. Recent efforts

have focused on local surveys in coastal areas (Birkun et al., 2004,

Birkun et al., 2004; Dede and Tonay, 2010; Birkun et al., 2014

Kopaliani et al., 2015; Panayotova and Todorova, 2015; Gladilina

and Gol’din, 2016; Gladilina et al., 2017; Popov et al., 2017; Baș

et al., 2019; Paiu et al., 2019).

Collaborative aerial surveys have also been undertaken to gather

valuable information about these species (Birkun et al., 2004;

Raykov and Panayotova, 2012; Radu et al., 2013; Sánchez-

Cabanes et al., 2017). However, prior to the CeNoBS initiative

(ACCOBAMS 2021a), a comprehensive assessment of the overall

abundance and distribution of these cetacean species in the Black

Sea was not available. CeNoBS, with its systematic and synoptic

approach, has provided a significant advancement in our

understanding of the abundance, distribution, and density of all

three cetacean species in the Black Sea during the summer months.

In the European Strategy for Marine and Maritime Research

(COM (2008) 534), it is highlighted how important it is to reconcile

environmental sustainability with the growth of maritime activities

in order to decrease their strong environmental impact. Marine

mammals are recognized by the EU Marine Strategy Framework

Directive, as flagship species and therefore an essential element of

ecosystem sustainability (Hooker and Gerber, 2014), their

protection being a priority issue, requiring a robust analysis of

existing information and data to identify areas requiring priority

conservation actions (Pennino et al., 2013a; Pennino et al., 2016).

Modelling the habitat of marine mammal may offer a fundamental
Frontiers in Marine Science 02
understanding of the ecological processes that determine the

population distributions (Redfern et al., 2006; Embling et al.,

2010), allowing a better understanding of the ecology of these

animals (Sánchez-Cabanes et al., 2017; Hamazaky, 2002) and

providing a tool which can support management (Azzellino et al.,

2012; Forney et al., 2012; Mannocci et al., 2014; Cribb et al., 2015;

Pennino et al., 2017).

As part of the QUIETSEAS project (www.quietseas.eu), a

methodological framework was created specifically for the

Mediterranean Sea and Black Sea (Azzellino et al., 2023,

Deliverable 5.2) and continuous noise, aligning with the

guidelines provided by the TG Noise (EU Technical Group on

Underwater Noise for providing guidance to the Member States

on the implementation of the Marine Strategy Framework

Directive (MSFD) as regards Descriptor 11 (Energy including

Underwater Noise) of the Directive). This framework enables the

quantification of the impact of continuous noise sources on the

potential habitat of the primary cetacean species in the

Mediterranean Sea and Black Sea. The methodology introduced

in this project utilizes habitat models, which make it possible to

estimate the likelihood of species presence by considering

bathymetric characteristics. Additionally, acoustic propagation

models are employed to analyse the noise sources under

consideration. By integrating these components, the framework

facilitates the assessment of the reduction in potential cetacean

habitat caused by noise. Regarding the habitat models, preference

was given to models incorporating physical covariates, as they

have been widely employed in ecological studies (Frankel et al.,

1995; Gowans and Whitehead, 1995; Baumgartner, 1997; Raum-

Suryan and Harvey, 1998; Karczmarski et al., 2000; Ferguson and

Barlow, 2001; Ferguson et al., 2006a; Ferguson et al., 2006b;

Azzellino et al., 2008; Azzellino et al., 2012; Blasi and Boitani,

2012; Marini et al., 2015) and offer greater stability and

applicability across various study areas. This choice is based on

their proven track record and reliability. In contrast, dynamic

predictors like chlorophyll-a or surface sea temperature, exhibit

considerable temporal and spatial variations due to factors such as

seasonal fluctuations, interannual variability, and localized dynamics.

However, while habitat models based on physical predictors,

and built upon a robust, long-term observation time series

(Azzellino et al., 2012) have been available for the Mediterranean

Sea, a comparable model specific to the Black Sea has not been

readily accessible.

The primary objective of this study is to develop presence/

absence habitat models for the cetacean species in the Black Sea,

utilizing large-scale survey data and employing habitat physical

characteristics as predictors.

This endeavour aims to expand the current QUIETSEAS

methodological framework, which assesses the impact of

continuous noise, to encompass the Black Sea region. By doing

so, we aim to enhance our understanding of the effects of

continuous noise on the marine environment in the Black Sea

and its implications for cetacean species, supporting the

implementation of the Marine Strategy Framework Directive

(MFSD) and other relevant legal frameworks.
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2 Material and methods

2.1 Study area

The Black Sea is a semi-closed basin covering an area of 436400

km2 and constituting a unique marine environment, with a

maximum depth of 2200 m (Murray et al., 1989). The Black Sea is

connected by the Kerch Strait to the smallest and shallowest sea in the

world (14 m maximum), called the Sea of Azov, located in the north-

eastern part of the basin. Through the Istanbul Strait (Bosphorus), it

is connected to the Sea of Marmara, which in turn is connected to the

Aegean Sea through the Çanakkale Strait (Dardanelles) (Özsoy and

Ünlüata, 1997). The continental shelf, at depths < 200 m, constitutes

about 25% of the total area, while the flat abyssal plain, at depths >

2000 m, occupies about 60% of the total area. There are many steep

slopes adjacent to the mainland and submarine canyons, such as

Sakarya Canyon, in the southwestern area, where the depth suddenly

increases from 100 m to 1500 m (Murray et al., 1989). It is important

to mention that Black Sea has a positive water balance, where inputs

from freshwater sources exceed evaporation losses. The freshwater

inflow has great seasonal and inter-annual variability, having the

Danube, Dnepr and Dnestr as the main rivers flowing into the North-

West shelf (Murray et al., 1989). The water layer above 200 m is well

oxygenated, while the deeper layer (between 200 and 2200 m) is

anoxic. About 87% of the Black Sea water mass is therefore anoxic

and contains high levels of sulphide, making pelagic and benthic

organisms largely absent (Sánchez-Cabanes et al., 2017). The Black

Sea is also characterized by low salinity levels due to high freshwater

outflow from rivers and inflow from the Mediterranean with higher

salinity and density, thus creating high water stratification. The

temperature has a seasonal and regional variation, with an average

annual surface temperature ranging between 16°C in the south and

11°C in the northwest (Balkas et al., 1990; Sánchez-Cabanes et al.,

2017). The Black Sea hosts a wide variety of habitats, but relatively

low biodiversity resulting in the absence of many local competitors,

generating favourable conditions for invasive species which pose a

great threat to the biodiversity of the Black Sea (Oğuz and Öztürk,

2011; Selifonova, 2011). The anoxic conditions and strong contrast in

temperature and salinity make the ecology of the Black Sea vulnerable

to anthropogenic effects compared to the Mediterranean and open

seas (Kideys, 2002; Sánchez-Cabanes et al., 2017). The three cetacean

subspecies that can be found regularly (Black Sea bottlenose dolphins,

Black Sea common dolphins and Black Sea harbour porpoises) are

distinct subspecies from the Mediterranean and Atlantic populations

and are endemic to the Black Sea and the Sea of Azov (Birkun, 2002).

The three species are at the top of the trophic network of the basin

and have no natural predators (Kleinenberg, 1956; Jefferson

et al., 2008).
2.2 Data set and data collection

The data used for this study were collected through the EU-

funded CeNoBS project, in collaboration with and co-funded by

ACCOBAMS under the ACCOBAMS Survey Initiative (ASI). The
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CeNoBS project (ACCOBAMS, 2021a; Paiu et al., 2021) supported

the implementation of the MSFD in the Black Sea through the

establishment of a regional cetacean monitoring system and noise

monitoring to assess the status of cetaceans in the Black Sea through

MSFD descriptors and particularly of Descriptors 1 (D1, Biological

Diversity) and Descriptor D11 (Energy including Underwater Noise).

CeNoBS data were collected through regional aerial surveys

conducted in the Black Sea between June and July 2019, following

specific shared protocols. Data were collected, following the distance

sampling method (Buckland et al., 2015), by observers on board small

twin-engine aircrafts, equipped with bubble windows, allowing the

sight of cetaceans and other marine megafauna below the aircraft.

Specific transects were designed and prepared to ensure fair coverage

and representation of the study area. The surveys covered the waters in

front of Romania, Bulgaria, Turkey, Ukraine and Georgia. The

transects were predefined and adapted to the flight limitations in

some areas. Six blocks and zigzag traces were drawn for each of them in

order to have a minimum coverage of 3% of the study areas (Paiu et al.,

2021) (Figure 1). Two observers, a team leader and the pilot were on

board. Data were collected according to specific protocols prepared by

the project’s researchers and scientific collaborators. During the

surveys, target altitude was 183 m (600 feet) with target speed of 100

knots. The software used to collect data was SAMMOA dedicated to

marine megafauna data collection (SAMMOA 1.1.2, 2017-2018;

Pelagis Observatory-La Rochelle University-CNRS), linked to GPS to

collect position data (Paiu et al., 2021). Data regarding environmental

conditions were collected at the beginning of each transect and

whenever a change occurred. Variables considered were sea state

(Beaufort scale), glare, cloud cover and sighting conditions. The three

cetacean species (common dolphin, bottlenose dolphin and harbour

porpoise) were the main target species, and data were collected also on

group size and composition [mixed groups and two age classes Adults

and Juveniles (calves)], swimming direction and group behaviour

(using 8 defined categories) (SCANS II, 2008; Hammond et al., 2013).

The survey was conducted flying along the planned surveys

primarily in passive mode, unless it was necessary to confirm

species, obtain reliable estimates of school size, composition or

behaviour by circling over the sighted animals. The survey was then

resumed at the exact point it was left and all the secondary sightings

(i.e. the additional sightings made after leaving the predetermined

trackline) although recorded have not been used to obtain the

abundance and density estimates.

CeNoBS aerial surveys were carried out from 17 June 2019 to

4 July 2019. A total of 15246 km of effort were surveyed: 9354 km

on-effort and 5892 km off-effort. A total of 1984 sightings were

collected, belonging to the three target species regularly occurring in

the Black Sea. Sightings were distributed as follows: Bottlenose

dolphins: 117 sightings and 335 individuals; Common dolphin: 715

sightings and 1762 individuals; Harbour porpoises 884 sightings

and 1522 individuals; Delphinidae (unidentified species when a

common dolphin or bottlenose dolphin was involved, mostly was

due to size of the animal (juvenile) or poor sightability conditions

such as relfexion, glare, swell etc): 28 sightings and 50 individuals

(Paiu et al., 2021). Figure 2 shows the sighting distribution in the

study area.
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2.3 Data analysis

2.3.1 Data matrix preparation
Using QGIS 3.20.3, a grid was created for the Black Sea with a

total of 2069 cells of size 0.16° x 0.16° (10 nm x 10 nm,
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corresponding to 18.5 km x 18.5 km). Bathymetric data were

obtained through GEBCO with a 2021 model, providing elevation

data in metres on a grid at 15 arc second intervals (https://

download.gebco.net/). Sea bed slope was calculated using QGIS

3.20.3 from the depth layer via the GDAL slope command.
A B

C

FIGURE 2

CeNoBS sightings: (A) Bottlenose dolphin; (B) Common dolphin; (C) Harbour porpoise.
FIGURE 1

The six blocks and tracks covered by planes in the waters of Romania, Bulgaria, Turkey, Ukraine and Georgia (map source: ACCOBAMS-CeNoBS project).
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Bathymetric data were integrated with the grid, enabling the

calculation of depth and slope statistics within each cell. Such

statistics were later used as potential covariates for the habitat

models. The statistics calculated were mean, median, minimum

value, maximum value, standard deviation and range (in metres for

depth and in percentage value for slope). Moreover, the searching

effort (i.e. length of track line in kilometres), and the sightings of

each species were associated with the grid cells, and integrated with

the data matrix needed for the following analysis.

2.3.2 Habitat model development
Habitat model development and evaluation was conducted by

means of a binary logistic regression analysis, used also in similar

ecological applications (Guisan and Zimmermann, 2000; Davis

et al., 2002; Azzellino et al., 2008; Anderwald et al., 2011;

Azzellino et al., 2011). All the analyses were performed using the

IBM SPSS Statistics package (version 27). To make the analysis

more efficient, the number of absence cells (i.e. pseudo-absence of

the target species) in the dataset was balanced with the number of

presence cells (presence of 1 or more sightings of the target species).

Following Azzellino et al. (2012), the total number of presence cells

was in fact maintained, while a number of absence cells (absence of

sightings) equal to the number of presence cells was randomly

extracted from the overall number of absence cells. Moreover, the

binary logistic regression was applied using a stepwise approach,

based on Wald statistics (Hosmer and Lemeshow, 2000) in order to

select the best set of predictors. Each predictor was tested for entry

into the model one by one, based on the significance level of the

Wald statistic. After each entry, variables already in the model were

tested again for possible removal. The procedure stopped when no

more variables met the entry or removal criteria or when the last

fitted model was the same as the previous. To prevent the risk of

overfitting, each specific model was limited to a maximum of three

predictors ensuring a sufficient number of observations, exceeding

ten for each predictor. Additionally, the model’s accuracy in terms

of classification performance was assessed using leave-one-out

cross-validation.

2.3.3 Noise magnitude assessment
The noise assessment was conducted following the risk-based

methodological approach drafted in Deliverable 3 of the EU TG

Noise (TG Noise, 2021). Following the risk-based approach, the

probability of having an effect on a population exposed to a given

pressure (i.e. continuous noise) can be estimated by considering the

magnitude of the pressure (i.e. the noise level) and the effective

exposure which depends on the presence of vulnerable species

within the study area.

Based on TG Noise framework, the starting point of the

methodology is the selection of habitats of the target species, at

regional or subregional or at the Marine Reporting Unit (MRU) level.

Afterwards, the habitat status is assessed within a reference grid

where the condition in each grid cell is evaluated referring to the

current state or to a reference condition. The deviation of the current

state from the reference condition enables to evaluate whether the cell

is non-significantly or significantly affected by the anthropogenic
Frontiers in Marine Science 05
noise (Annex 7-TGNoise – Sigray et al., 2021). All the grid cells of the

habitat will thus be quantified both in time and space as significantly

or non-significantly affected. Thus, for a specific time period, a certain

fraction of the grid cells will be significantly affected. The potential for

adverse effects at population level is assumed to occur when a certain

fraction of the habitat is exposed to continuous noise for a certain

fraction of time. Area and duration of exposure to anthropogenic

sound can be assessed in terms of:
- Tolerable impacted area of the habitat

- Tolerable duration of the noise.
More specifically, based on the TG Noise methodological

framework, the noise exposure and the consequent potential

impact on the species of interest needs to be assessed following

different methodological steps. As a first step a noise exposure map

for the study area was generated covering the period from

01.07.2018 to 31.08.2018 using a reference grid of 100 m x 100 m

mesh size. Three daily random AIS (Automatic Identification

System) images were used to build a 60-days summer scenario of

ship traffic which was used as basis to simulate noise levels. AIS data

were supplied by Spire Group https://spire.com/maritime/. Sinay,

who created the noise maps thanks to a partnership with Spire

Group, requested AIS data worldwide on-demand through API-

calls for a period/time of interest. For the present work, historical

data in the study period were accessed. Row AIS data appear, for a

given instant t, as a list of vessels for which an AIS message has been

received at that instant t, with associated metadata such as the

geographical position of each vessel (coordinates X,Y), their

identification code-MMSI, speed, size, destination etc. Since it is

known that AIS data transmission may fail for some reasons (poor

coverage, signal collision, bad weather, etc.), to get a view of ship

traffic at a given time it is better to look at a short period of time

instead of looking at a single instant. To implement the noise

modelling approach, all the single MMSI codes in a 10-minute

period, three times/day, randomly during the day were used. This

raw list of vessels that are found in a single 10-minute period can be

easily transformed into a georeferenced file of points, where each

point represents a vessel and can be plotted on a map. From this

map of points (vessels) relative to a 10-minute period, the

propagation modelling is implemented for each point (vessel),

and the contributions of sound pressure from different vessels on

a single mesh are summed up. The 180 vessels maps over the study

period (3/day x 60 days) were used and hence 180 noise maps were

produced, each relative to a 10-minute period. This statistical

sample size (N = 180) is used to calculate the median and

percentiles of sound pressure level (SPL).

The noise levels (i.e. sound pressure level, SPL dB re 1mPa) were
later calculated for the surface layer, (i.e. in the first 10 m of depth),

for the one-third octave band centred at 63 Hz and considering the

50th and the 95th percentile level. Afterwards, the percentage of the

target species habitat affected by noise levels above which negative

effects may occur (such as behavioural changes, or changes in the

species hearing ability, or in birth rates, or any loss of habitat

permanent or temporary) was evaluated.
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2.3.4 Habitat exposure assessment
The noise map previously described was overlaid to the

bathymetric grid which was used to develop the species habitat

models and the SPL zonal statistics (mean, median, maximum

value, minimum value and standard deviation (SD) were calculated

per each grid cell unit. Subsequently, based on the review by Gomez

et al. (2016) in which 79 studies and 195 cases of data concerning

the exposure of cetaceans to various noise sources are considered

and reviewed, the sound pressure level of 110 dB re 1mPa is assumed

as LOBE (i.e. Level of Onset of Biological adverse Effects, see

Deliverable 4 of TG Noise; TG Noise, 2023). Therefore,

considering this noise level, cells with mean SPL level greater

than or equal to 110 dB were identified as a potential habitat loss.

It should be noted here that while noise map shows SPL in terms of

50th or 95th percentile and is defined on a grid of 100 m x 100 m

mesh size, habitat exposure is instead defined at a much coarser

mesh size (18.5 km x 18.5 km). Therefore, when noise level and

habitats are combined, the noise levels (either the 50th or the 95th

percentile) are averaged assuming the cell mean value as the

reference noise level. Finally, to quantify habitat, the Potential

Usable Habitat Area (PUHA after Azzellino et al., QuietMED2

D6.2) of each species was calculated (see Table 1 showing PUHA

calculation for a single cell unit). Risk maps were generated by

superimposing noise maps with Potential Usable Habitat Area

maps, and calculating the overall proportion of the area exposed

to shipping noise above LOBE noise level for the three

target species.

2.3.5 Noise impact comparison between the
South-western and South-eastern portions
of the Black Sea

The Black Sea South-western and South-Eastern regions are

very different in terms of traffic and noise: the South-western region

has higher ship traffic and higher noise levels, while the South-

eastern region has a lower ship traffic, and is therefore much quieter

in terms of noise. Since common dolphin regularly occurs in both

regions and is the most frequent species, we compared common

dolphin relative distribution in equivalent suitable habitat areas in

the two regions, which were different only in terms of noise levels.

The hypothesis we wanted to test was that higher noise levels

may make the habitat less suitable and therefore affect the species

relative abundance. As an index of relative abundance the

encounter rate was used, defined in each grid cell as the number

of cell sightings divided by the cell effort in kilometres.

For this purpose, an area of 456 cells (108099 km2 or the 23.3%

of the Black Sea total area) in the South-western region, and an area
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of 401 cells in the South-eastern portion (95051 km2 or the 20.5% of

the Black Sea total area) were previously identified, and cells with

habitat suitability (i.e. species presence probability) greater than 0.6

were selected. Moreover, in order to better compare the suitable

habitat, the primary productivity was also considered in terms of

remote-sensed concentration of chlorophyll-a (mg m-3, spatial

resolution 4 km) available for the year 2019 from the https://

giovanni.gsfc.nasa.gov/giovanni/portal. The gridded chlorophyll-a

values, in every cell unit, were used as an offset variable and

subdivided into two main chlorophyll classes based on the basin

median value (i.e. <= 0.593 and > 0.593 mg m-3).

The difference of the species relative abundance in the two

regions was assessed by means of a Mann-Whitney independent

samples U test (P< 0.05).
3 Results

3.1 Habitat models

The stepwise Binary logistic regression analysis was applied to

the three species presence and absence data using depth and seabed

slope statistics per cell as possible covariates. Generic Delphinidae

sightings were not considered for habitat model development.

3.1.1 Black Sea bottlenose dolphin
Despite the fact that bottlenose dolphin sightings were lower

than those of the other two species and more concentrated in the

western part of the Black Sea, the species habitat model is decently

accurate. The cell effort and mean depth were selected as best

predictors for the species presence probability (see Table 2), being

respectively a direct and an inverse predictor. Presence probability

was in fact inversely proportional to the mean depth and directly

proportional to the cell effort (i.e. sum of transect km). The model

accuracy (e.g. percent of correct presence and absence

classifications) was 89.3% when predicting presence cells and

90.7% when predicting absence cells (see Table 3).

Bottlenose dolphin habitat was mainly predicted along the

coast, ranging from a bathymetry of 25 and 500 m, with a higher

probability in the north-western sector of the Black Sea. In the Azov

Sea, where the maximum depth is of the order of 14 m, the habitat is

optimal, with high presence probability for the species. In the areas

where the continental slope begins and in the central part of the

basin, where the depth is greater, the probability of occurrence is

instead very low. The total PUHA (sum of each cell PUHA) over the

entire Black Sea for this species is 190316 km2 (Figure 3).
TABLE 1 Example of PUHA calculation over a single cell unit: the target species presence probability is multiplied by the cell area to obtain PUHA.

Species Presence probability Cell’s Area (Km2) Calculation Example PUHA (Km2)

Bottlenose dolphin 0.55 342.2 PUHA= (0.55 x 342.2) 188.2

Common dolphin 0.80 342.2 PUHA= (0.80 x 342.2) 273.7

Harbour porpoise 0.72 342.2 PUHA= (0.72 x 342.2) 246.3
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3.1.2 Black Sea common dolphin
Sightings of common dolphins were well distributed

throughout the study area, providing more data for habitat

modelling. The selected predictors for the common dolphin are

the cell effort, the cell mean and maximum depth (Table 2). The

model exhibited an accuracy of 86.9% when predicting presence

cells and 91.2% when predicting absence cells (Table 3). Common

dolphin presence was found directly proportional to the effort and

to the cell maximum depth, but inversely proportional to the cell

mean depth that is the weakest predictor. The results show that the

common dolphins are associated with depths between 50 and

2200 m. Along coastal areas, but especially in the north-western

zone, between 25 and 100 m, the species probability of occurrence is

very low. Likewise, the occurrence probability is low in the Azov
Frontiers in Marine Science 07
Sea, while it is higher in the central and southern portions of the

Black Sea basin. The areas with the maximum presence probability

(i.e. values between 0.71 and 0.92) are mainly concentrated in

Turkish waters, along the continental slope, at depths between 150

and 1750 m. The total PUHA (sum of each cell PUHA) of the

species over the entire Black Sea is 231156 km2 (Figure 4).

3.1.3 Black Sea harbour porpoise
Harbour porpoise sightings are well distributed throughout the

study area, although more concentrated in the western portion of

the Black Sea basin. The selected predictors for the harbour

porpoise habitat model are the cell effort and the cell mean sea

bed slope (Table 2). The model exhibits an accuracy of 91.6% when

predicting presence cells, and of 93.4% when predicting absence

cells (Table 3). Harbour porpoises’ presence probability is directly

proportional to both the cell effort and the mean sea bed slope.

Habitat suitability is higher along the coasts of Bulgaria, Turkey,

Georgia and Russia, and in the central portion of the basin. On the

other hand, in the north-western area, along the coasts of Ukraine,

the presence probability is low, reaching its minimum in the Azov

Sea, where the probabilities are close to 0. Harbour porpoises are

therefore associated with both shallow and deep waters, between 25

and 2200 m, more precisely from the beginning of the continental

slope towards the interior of the basin. The results also show that

there is a central-eastern zone where the probability of occurrence

decreases since depth increases but the slope decreases. For the

harbour porpoise, the calculated PUHA (sum of each cell PUHA) is

274220 km2 (Figure 5).
3.2 Noise comparison between the South-
western and South-eastern portions of the
Black Sea and LOBE validation

In order to test the potential impact of noise on the species’

relative abundance the species encounter rate was tested between

the two regions, having equivalent habitat suitability but different

noise levels.
TABLE 3 Confusion matrix showing the classification performances of
the habitat models for predicting presence and absence cell for the
three considered species.

Species
Predicted Correct

Predictions
(%)Absence Presence

Bottlenose
Dolphin

Observed
Absence

68 7 90.7

Observed
Presence

8 67 89.3

Overall
percentage

90.0

Common
Dolphin

Absence 229 22 91.2

Presence 33 219 86.9

Overall
percentage

89.1

Harbour
Porpoise

Absence 254 18 93.4

Presence 23 251 91.6

Overall
percentage

92.5
The accuracy of the models is evaluated as the percentage of the correct predictions.
TABLE 2 Results of the binary logistic regression analysis modelling the presence/absence of Black Sea species.

Species Covariates B S.E. Wald Sign.

Bottlenose Dolphin

Cell effort (km) 0.181 0.030 37.443 <0.001

Cell mean depth (m) -0.002 0.000 14.177 <0.001

Constant -1.228 0.411 8.917 0.003

Common Dolphin

Cell effort (km) 0.153 0.012 152.556 <0.001

Cell Mean Depth -0.001 0.001 5.920 0.015

Cell Max Depth 0.002 0.001 11.490 <0.001

Constant -3.430 0.393 76.170 <0.001

Harbour Porpoise

Cell effort (km) 0.193 0.015 159.891 <0.001

Cell Mean Slope 0.033 0.016 4.003 0.045

Constant -5.106 1.400 13.301 <0.001
frontie
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Therefore, 364 cells of most suitable habitat (presence

probability higher than 0.6) were selected in the South-western

area, with 218 sightings, and 295 cells in the South-eastern area,

with 240 sightings (Figure 6). As explained in the methods, these

cells were also divided per chlorophyll-a classes, resulting

respectively for the South-western and the South-eastern regions

in 193 cells and 269 cells having chlorophyll-a values lower than the

Black Sea July median, and 171 and 26 cells having chlorophyll-a

higher than the Black Sea July median.

Mann Whitney test showed a significant difference of the

encounter rates between the two regions for the lower

chlorophyll-a class (Chl-a <= 0.593; U: 807, N: 100; P-value <

0.05) (Figure 7A) while no significant difference was found for the

higher chlorophyll-a class (Chl-a > 0.593; U: 49, N: 32; P-value:

0.670) (Figure 7B).

Particularly, the encounter rate was significantly higher in the

South-eastern region when comparing the lower chlorophyll-a

conditions (see Table 4).

Figure 8 shows the comparison of the South-Western and South-

Eastern regions in terms of monthly chlorophyll-a average levels. With

the exception of a few months (e.g. in Spring and in Autumn) the

western primary productivity is higher than in the eastern portion.
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Table 5 shows the average noise levels of the two subregions

subdivided by chlorophyll-a class. It can be observed that there is a

difference of about 15-17 dB between the South-Western and the

South Eastern regions. It is also worthwhile to observe that the

higher encounter rates occur in areas where noise levels do not

exceed 110 dB. Therefore, grounding on these results, we could

assume as LOBE, Level of Onset of the species Biological adverse

Effect (i.e. the encounter rate decrease), an SPL ranging between 110

dB (50th grid cell percentile of the median SPLs) and 120 dB (75th

grid cell percentile of the 95th SPLs).
3.3 Noise impact assessment

The amount of habitat negatively impacted by underwater noise

for each of the three target species was assessed as described in the

Methods, combining the relevant noise maps with the habitat

models and the derived PUHA. The simulated noise map shows

where the presence of harbours causes higher noise (Figure 9A).

The obtained noise maps are coherent with the ship traffic density

maps available from the Emodnet portal for the year 2019 (Source:

https://www.emodnet-humanactivities.eu/), Figure 9B.
A B

FIGURE 4

(A) Presence probability and (B) PUHA of Common dolphin.
A B

FIGURE 3

(A) Presence probability and (B) PUHA of Bottlenose dolphin.
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As already explained, the areas with the highest noise levels are

mainly located in the South-western portion of the basin, while in

the South-eastern portion noise is lower. The grid cells (501 cells)

having a noise level higher than LOBE (i.e. SPL above 110 dB re 1

mPA), in the Black Sea occupy 25.16% of the basin area (2069 cells).

Most of the “impacted” cells are located along the main traffic

routes in the basin, especially in the South-western portion, while

no “impacted” cells are present in the South-eastern portion of the

basin. Finally, risk maps were created from which the percentages of

Potentially Usable Habitat Area (PUHA) exposed to noise levels

above LOBE were quantified for the target species (Figure 10).

The results also show that the percentages of impacted PUHA

are very similar for the three species considered. As far as the

bottlenose dolphin is concerned, the percentage of impacted PUHA

was 21.4%, which is not unexpected for a species regularly occurring

in the coastal areas, where ship traffic and related noise are generally

higher. The pelagic areas in the Black Sea having noise levels greater
Frontiers in Marine Science 09
than LOBE do not impact too much on the species PUHA since the

species presence probability in the pelagic area is very low

(Figure 11A). The percentage of impacted PUHA is higher for

harbour porpoise (24.46%), since the species’ suitable habitat is

concentrated along the southern coasts and in the central areas of

the basin where the noise levels more frequently exceed LOBE

(Figure 11C). But the highest percentage of impacted PUHA was

found for common dolphin (26.47%), being the species habitat

suitability higher in the central portion of the basin, corresponding

to the area of the main shipping lanes (Figure 11B).
4 Discussion

This study presents a modelling approach for estimating the

Potentially Usable Habitat Area (PUHA) of the three cetacean

species regularly occurring in the Black Sea. The models were
FIGURE 6

Map of the common dolphin sightings in the cells with optimal habitat suitability (species presence probability higher than 0.6) in the South-western
(yellow-enclosed) and South-eastern (green-enclosed) subareas in the Black Sea.
A B

FIGURE 5

(A) Presence probability and (B) PUHA of Harbour porpoise.
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developed on the basis of the large scale data collection acquired

through the EU-funded CeNoBS project, in collaboration with and

co-funded by ACCOBAMS under the ACCOBAMS Survey

Initiative (ACCOBAMS, 2021a; Paiu et al., 2021). The study

shows how physiographic predictors may play an important role

in predicting the potential distribution and habitat preferences

of cetaceans.

The developed habitat suitability models exhibited high

accuracies (between 89% and 92%) in predicting the presence/

absence of the considered species in the Black Sea, demonstrating

that these species have very specific habitat preferences.

The bottlenose dolphin is among the best known, most

widespread and studied cetacean species in all seas, with habitat

preferences in Mediterranean Sea being mostly reported in coastal

and shallow waters (e.g. Gnone et al., 2011; Azzellino et al., 2012).

Black Sea bottlenose dolphins show habitat preferences in line with

this common pattern, the optimal depths ranging between 25 and

500 m depth. The model shows that bottlenose dolphins are more

likely to be found in coastal areas, especially in the north-western

part, while in the central zone of the basin, at greater depths (over

750 m), and in areas where the continental slope begins, the
Frontiers in Marine Science 10
probability of their presence is much lower. These results are in

agreement with those obtained by Sánchez-Cabanes et al. (2017) in

the same area, which showed a preference for habitats along the

coast but at slightly shallower water depths, between 50 and 250 m.

Paiu et al. (2021) also showed a higher abundance in coastal areas,

and in the western part of the Black Sea. Numerous other studies

(e.g. Cañadas et al., 2002; Gnone et al., 2011; Azzellino et al., 2012;

Marini et al., 2015; Carlucci et al., 2016; Giannoulaki et al., 2017;

Affinito et al, 2019; Muckenhirn et al., 2021) show that the areas of

greatest bottlenose dolphin presence are associated with coastal

areas at depths up to 40-600 m. In the Black Sea, however, the

species’ higher preference for shallow-water habitats may also be

the consequence of the deep anoxic waters and the consequent lack

of prey. In deep water, no sightings of bottlenose dolphins have

been detected and the predicted presence probability is close to zero,

in agreement with the study of Sánchez-Cabanes et al. (2017) which

has approximately the same spatial coverage but is based on data

deriving from opportunist surveys. The same authors refer that the

species distribution changed in time since it was known that in the

1960s and 1970s, bottlenose dolphins were also reported in the deep

central part of the basin. Sánchez-Cabanes and colleagues
TABLE 4 Common dolphin encounter rate (EncR_Dd) statistics in the South-western and South-eastern region in lower and higher chlorophyll-a conditions.

Zones JulChl2cl

N

Mean Median Minimum

Percentiles

Valid Missing Maximum 25 50 75

South-Eastern <= 0.593 35 44 0.087 0.079 0.00 0.40 0.026 0.079 0.107

> 0.593 4 9 0.057 0.029 0.00 0.17 0.000 0.029 0.144

South-Western <= 0.593 65 35 0.054 0.026 0.00 0.33 0.000 0.026 0.075

> 0.593 28 43 0.043 0.013 0.00 0.32 0.000 0.013 0.050
frontier
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FIGURE 7

Results of the Mann Whitney Wilcoxon test for common dolphin encounter rate (EncR_Dd) in the South-western and South-eastern regions of the
Black Sea. It can be observed that encounter rates are respectively higher in the South-Eastern region in (A) low chlorophyll-a conditions, while they
are lower than the South-western encounter rates in (B) high chlorophyll-a conditions.
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TABLE 5 Noise level (SPL re 1 mPa) statistics are shown for the common dolphin suitable habitat in the South-Western and in the South-Eastern
regions at the different primary production conditions (i.e. Chl-a).

JulChl2cl

Jul_Aug_10m_Median_mean Jul_Aug_10m_95perc_mean

Zones Zones

South-Eastern South-Western South-Eastern South-Western

<= 0.593 N Valid 79 100 79 100

Missing 0 0 0 0

Mean 93.1 110.7 103.3 127.2

Median 102.3 110.3 113.7 127.2

Minimum 31 107 31 122

Maximum 107 121 133 133

Percentiles 25 94.7 108.9 99.1 124.8

50 102.3 110.3 113.7 127.2

75 104.8 111.6 119.9 129.2

> 0.593 N Valid 13 71 13 71

Missing 0 0 0 0

Mean 57.7 110.3 60.1 127.0

Median 36.3 109.9 36.4 126.4

Minimum 33 107 34 122

Maximum 104 122 112 158

Percentiles 25 35.3 108.7 35.4 123.7

50 36.3 109.9 36.4 126.4

75 101.5 111.1 108.3 128.0
F
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FIGURE 8

Line graph showing how mean chlorophyll-a concentrations vary over the months of the year 2019 in the selected western and eastern Black Sea regions.
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speculated that the current distribution shift could be the effect of

the ecosystem changes occurred in the last decades which may have

prompted the species to change its diet and consequently

distribution. Another possible explanation might be related to

fisheries which, before being regulated, led to a decline in pelagic

fish, thus impacting both prey availability and feeding behaviour of

bottlenose dolphins. It is known, in fact, that bottlenose dolphins

may change their habitat preferences depending on the presence of

prey (Hastie et al., 2004).

The common dolphin is another widespread dolphin species

with a variety of habitats, showing greater preferences for deep sea

areas and continental shelves (Cañadas and Hammond, 2008).

Present study shows greater species presence in deeper waters,

with high presence probability associated to areas between 150 and

1750 m, relative to the continental slope. In the north-western

region and in the Azov Sea, where there are medium- and -shallow-
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water depths but minimal slope values, the species probability of

occurrence reports very low values (between 0.24 and 0.34). These

results also agree with those obtained by Sánchez-Cabanes et al.

(2017), whose models showed greater presence for the central part

of the basin between the bathymetries of 50 and 2250 m and in

waters between 5-18°C, which corresponds to the waters of the

southern zone towards the central zone of the basin, away from the

north-western continental shelves, where the probability is indeed

lower (Shapiro et al., 2010). The results also agree with the

abundance studies of the CeNoBS project, which predict a higher

abundance towards the central zone and along the continental shelf

(Paiu et al., 2021). In addition, other former studies reported a

prevalence of the common dolphin mainly in the central part of the

Black Sea (Raykov and Panayotova, 2012; Radu et al., 2013; Birkun

et al., 2014), suggesting that the species habitat preferences at least

in the last two decades have not changed over time. Also in other
FIGURE 10

Noise Risk maps showing the pink the grid cells where noise levels are higher than LOBE equal to 110 dB re 1 mPa (501 cells, corresponding to
25.16% of Black Sea total area).
A B

FIGURE 9

(A) Noise map showing mean SPL values (dB re 1mPa) per cell using the grid of 10 x 10 nm; (B) Mean vessel density for 2019 (hours per square Km
per month, Source: https://www.emodnet-humanactivities.eu).
frontiersin.org

https://www.emodnet-humanactivities.eu
https://doi.org/10.3389/fmars.2023.1200340
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org


Frassà et al. 10.3389/fmars.2023.1200340
areas, such as the Northeast Atlantic and the Mediterranean

Alboran Sea, this species shows a preference for deep waters,

between 400 and 2000 m (Cañadas et al., 2002; Cañadas et al.,

2009). As with bottlenose dolphins, common dolphins are also

closely linked to the presence of prey. In fact, they prefer pelagic fish

in particular Clupeidae and Engraulidae, which are mainly found in

the continental shelf areas (Cañadas et al., 2002). Furthermore, the

movement and aggregation of fish due to currents and tides attract

the common dolphin (Paradell et al., 2019) linking their

distribution to prey migrations (Dede and Tonay, 2010; Radu

et al., 2013).

The harbour porpoise is a widespread species in the colder,

coastal waters of the North Pacific, North Atlantic, and Black Sea

(Bjorge et al., 2018). It has also been observed in the western

Mediterranean (Cañadas et al., 2005) and northern Aegean Sea

(Cucknell et al., 2016). Patterns show a preference for meridional

coastal waters, as well as southwestern and southeastern ones, while

occurrence values decrease in the northern part of the basin. The

slope is an excellent predictor, as the preferences just described refer

to the areas where the continental shelf begins and where the mean

slope values per cell are highest. For example, within the central

eastern part of the basin and in the Sea of Azov, the presence values

are lower as the slope tends to decrease. The harbour porpoise is

therefore present in both shallower and pelagic waters, with a depth

range between 25 and 2200 m. As far as Black Sea Harbour porpoise
Frontiers in Marine Science 13
is concerned this study habitat models only partially agree with the

ones presented by Sánchez-Cabanes et al. (2017), which predict a

greater presence in shallow waters below 200 m with preferences for

shelf waters between 50 and 150 m, and a predicted habitat similar

to that of bottlenose dolphins. However this discrepancy could be

the effect of the effort bias deriving from the opportunistic surveys

which are the source of their dataset. Birkun et al. (2014) also

predicted a secondary habitat in the open sea (deeper than 200 m)

in agreement with the results obtained here. In the Azov Sea Birkun

et al.’s models also predicted a good probability, agreeing with

previously described seasonal migrations in which harbour

porpoises occupy the Azov Sea during the warmer months

(Kleinenberg, 1956), and abandoning it during the winter

(Tzalkin, 1938). Studies in the Atlantic and Pacific Ocean show

the presence of harbour porpoise in shallow waters between 20 and

50 m up to a maximum of 150-200 m, bathymetrics corresponding

to continental slopes (Read and Westgate, 1997; Raum-Suryae and

Harvey, 1998; Marubini et al., 2009; Isojunno et al., 2012). Minor

preferences within this range are in waters deeper than 100 m

(Carretta et al., 2001; Embling et al., 2010; Isojunno et al., 2012). In

Greenland, however, harbour porpoises have been found moving to

deeper habitats during winter periods by diving in waters above

400 m (Stalder et al., 2020). In the Black Sea the interspecific

competition may have led to a change in harbour porpoise feeding

habits favouring more pelagic prey. Harbour porpoises in fact
A B

C

FIGURE 11

PUHA of the three Black Sea cetacean species where pink cells indicate mean noise values equal to or greater than 110 dB: (A) Bottlenose dolphin;
(B) Common dolphin; (C) Harbour porpoise.
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usually feed on both benthic fish found in shallow waters and

pelagic fish (Krivokhizhin and Birkun, 2006; Tonay et al., 2007).

Moreover, in addition to the relevance of the habitat models for the

better understanding of the species ecology, the possibility to

predict the species’ potentially usable habitat (PUHA) offers also

a great opportunity for assessing the extent of the species habitat

which is affected by potentially harmful noise levels, and it may also

support the identification of the Level of Onset of Biological adverse

Effects, LOBE. By predicting the areas with the highest likelihood of

the species presence, habitat models may in fact support their risk

exposure assessment to different anthropogenic pressures such as

military sonars, shipyard work, vessel traffic, etc. (Azzellino

et al., 2012).

In this study, it has been shown how habitat models predictions,

combined with noise maps produced through specific shipping

noise models, allow to estimate the potential impact of continuous

anthropogenic noise on the species potential habitat availability

(e.g. PUHA). Vessel traffic is considerably high in the Black Sea,

especially in the vicinity of the main ports, along the Western coast

and across the basin, as reflected by the corresponding noise maps.

Considering as LOBE an SPL of 110 dB re 1 mPa for the 63 Hz one-

third octave band these noise levels are more concentrated along the

routes crossing the basin, connecting the ports of Istanbul, Odessa,

Zonguldak, Mariupol and Rostov. It is therefore explainable that the

species having the largest portion of impacted habitats are the

common dolphin (26.5%) and the harbour porpoise (24.5%), both

of which are present in the central part of the basin and in relatively

deep waters. The bottlenose dolphin, being more coastal and

concentrated in the Western basin shows a slightly lower portion

of impacted habitat area, since the species habitat is only limitedly

impacted by the shipping routes present in the central part.

However, the percentages of impacted habitat area for the three

species are overall relatively high, affecting important areas where

cetaceans carry out their main survival activities, such as foraging,

reproduction and socialisation. Analyses carried out for the western

and eastern areas, where traffic and noise data have different values,

show that, in any case, common dolphin and harbour porpoise are

more present in the western part where noise is higher. This could

mean that, although the noise is high, these cetacean species can still

manage to use the area. Chlorophyll concentration data clearly

show that the Western basin is significantly more productive than

the Eastern basin, especially in the summer months (i.e. June and

July). The common dolphin has been reported to prefer highly

productive areas (Fiedler and Reilly, 1994) and to have larger

groups in areas with higher chlorophyll concentrations (Cañadas

and Hammond, 2008). As far as harbour porpoises are concerned,

several studies have also found a greater species presence in areas

with higher chlorophyll and nutrient gradients (Wingfield et al.,

2017). In the study by Stalder et al. (2020), anomalies regarding high

chlorophyll concentrations in certain areas seem to explain the

movements and aggregations of harbour porpoises, as these areas

possess oceanographic features that can accumulate primary

consumers, making them important foraging areas. In some

habitat models built for harbour porpoises in which dynamic
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predictors, such as sea state temperature (SST) and chlorophyll

concentration, were considered in addition to static predictors

(depth and slope), chlorophyll turns out to be a very good

predictor of harbour porpoise presence (Gilles et al., 2011). This

would seem coherent with our results showing that although noise

and traffic levels are high in the Western basin, the target species

still use these areas because there is a high primary productivity and

they have adapted to tolerate the noise levels present. Several studies

have documented cetacean adaptation capabilities to noise,

especially with regard to vocalisations and their masking. In fact,

many cetacean species appear to have increased frequencies in the

emission of vocalisations to continue communicating with

conspecifics even in places where noise has become increasingly

loud (Lesage et al., 1999; May-Collado and Wartzok, 2008; Parks,

2012). Noise ‘tolerance’ could be the result of various contexts such

as the absence of habitat, excessive costs related to avoidance or, as

hypothesised here, the need for individuals and populations to

remain in the area (Wright et al., 2007). Such adaptation to loud

noise levels is in fact an additional challenge to assess noise effect.

The habitat models developed in this study enabled also to design a

methodological approach to assess noise impact: equivalent suitable

and productive habitats with different noise levels have been in fact

compared between the South-Western and the South-Eastern

portions of the Black Sea, showing that the noisier habitats have a

significantly lower common dolphin encounter rate. It is

noteworthy to underline that the statistical difference could be

assessed only for suitable habitats having a primary productivity

lower than the Black sea median (chl-a <= 0.539) while there was no

statistical difference between high productivity (chl-a > 0.539)

suitable habitats.

This result suggests that species have a tendency to avoid

environments with high levels of noise when it is not crucial for

their foraging activities. However, they demonstrate adaptability

when high noise levels coincide with critical foraging habitats. It’s

important to note that the sample size for the high productivity

habitats was significantly limited, particularly in the South-Western

basin where cells with such high primary productivity are rare.

It is important to note that noise pollution is not the sole

stressor arising from shipping activities. While there is limited

documentation on collision risks for dolphins (Schoeman et al.,

2020), the avoidance of collisions could be an additional factor that

is challenging to separate from noise pollution. Dolphins may tend

to avoid areas with high ship traffic to minimize the risk of collisions

rather than solely avoiding noise pollution, making it difficult to

disentangle the effects of these two factors.

Nevertheless, it is crucial to emphasize that when comparing the

noise levels of low productivity cells with the same habitat suitability

between the South-Western and the South-Eastern regions (as

shown in Table 5), the sound pressure level (SPL) at which the

biological response of the species, indicated by a decrease in

encounter rate, was presumed to occur ranged from a median

noise level of 110 dB to a 95th percentile noise level of 120 dB. This

evidence strongly suggests that this noise range can be considered a

reasonable Level of Onset of Biological adverse Effects (LOBE).
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5 Conclusion

Large-scale synoptic surveys have proven to be valuable and

functional for modeling the presence/absence of cetaceans and

generating habitat suitability models. Aerial surveys of this nature can

effectively bridge data gaps, particularly in areas where even long-term

surveys exhibit limitations, thereby providing additional information on

Black Sea populations. This study demonstrates the effectiveness of

physical predictors, such as depth and seabed slope, in predicting the

potential distribution and habitat preferences of cetaceans.

These habitat models are highly valuable for assessing the impact

of anthropogenic pressures, such as shipping noise, on specific areas.

They can support management efforts by identifying critical habitats

that require special protection, thus enhancing local and regional

management strategies. Additionally, the application of habitat

models facilitates the assessment of species’ exposure and risk to

noise. It enables the implementation of methodologies, such as the

proposed assessment of MSFD D11, and evaluation of the need for

mitigation measures such as ship traffic reduction or vessel speed

limits in critical areas. These models can also help establish noise

levels that should not be exceeded to avoid adverse effects on the

populations of the target species (e.g., LOBE).

This study specifically suggests that a sound pressure level (SPL)

at a frequency of 63Hz ranging from amedian noise level of 110 dB to

a 95th percentile noise level of 120 dB can be considered as the

threshold for the biological response of the target species (common

dolphin), resulting in a decrease in encounter rate. Further

investigations and studies are necessary to provide additional

evidence supporting this LOBE value and to extend the study to

other target species. Nonetheless, the methodology demonstrated in

this study, which utilizes habitat models to select equivalently suitable

habitats that differ only in noise levels, will be valuable for controlling

potential confounding factors when assessing the effects of noise.
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