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ABSTRACT 

This document is Deliverable ―D2.2.2. Detailed Report on cetacean populations 

distribution and abundance in the Black Sea, including proposal for threshold values‖ of 

the ―Support MSFD implementation in the Black Sea through establishing a regional 

monitoring system of cetaceans (D1) and noise monitoring (D11) for achieving GES 

(CeNoBS)‖ project funded by the DG Environment of the European Commission within 

the call ―DG ENV/MSFD Second Cycle‖. 

The Black Sea is one of the most vulnerable regional seas and Romania and Bulgaria are 

the European Member States responsible for implementation of MSFD, in close 

collaboration with the other non-EU countries. The two descriptors that are tackled by 

the present project are Descriptor 1 – marine mammals/cetaceans and Descriptor 11 – 

noise in the Black Sea, improving the second cycle of MSFD implementation, by 

achieving greater consistency and coherence in determining, assessing and achieving 

good environmental status. The present document provides new data on the 

distribution/abundance of BS cetacean populations and on distribution. GES baseline 

proposal for D1 – marine mammals are provided from which threshold values can be 

further identified in support of MSFD reporting cycle. The implementation of the action 

raised the expertise in this field by providing dedicated trainings for specialists and 

integration in the field pilot works. Enhancing coordination among the Black Sea region 

through the integration of specialists and decision makers in the project activities, and 

dissemination of results and outcomes. 

Three species of small-sized toothed cetaceans, Black Sea common bottlenose dolphin 

(Tursiops truncatus ponticus Barabash, 1940), Black Sea short-beaked common dolphin 

(Delphinus delphis ponticus Barabash, 1935), and Black Sea harbour porpoise 

(Phocoena phocoena relicta Abel, 1905) inhabit the basins of the Black and Azov Seas. 

CeNoBS and EMBLAS-Plus projects, linked and supported by the ACCOBAMS Survey 

Initiative (ASI) and European Union, manage to bring, after almost 40 years, a 

comprehensive abundance estimates and distribution of the three cetacean species.  
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1. INTRODUCTION      

The Marine Strategy Framework Directive (MSFD), adopted in June 2008, commits 

Member States to adopt an ecosystem approach to manage the marine environment. By this 

directive, member states aim to achieve good environmental status (GES), described by 11 

descriptors, of its marine waters by 2020. 

In practice, assessment of GES against these general indicators and, especially, the various 

levels of detail in each of them, is a tremendously complex exercise, plenty of data is needed 

and questions that are often hard or impossible to answer from the current knowledge base. 

To minimize these difficulties and assist and give coherency to the monitoring and 

assessment process, the MSFD framework considers criteria, methodological standards, 

specifications and standardized methods, and threshold values.  

The MSFD applies to the marine area over which a Member State exercises jurisdictional 

rights in accordance with the United Nations Convention on the Law of the Sea (UNCLOS).  

Monitoring, assessing its environmental status and managing coastal area through the 

implementation of knowledge on ecosystems biodiversity, functions and services are crucial 

actions to ensure the long-term sustainability. 

The main aim of the current document is to provide a regional assessment of cetacean 

populations distribution and abundance to complete gaps and provide baseline data at the BS 

regional scale. The results will be used to initiate the definition of thresholds values for 

cetaceans related indicators and criteria, in particular D1C2 (cetaceans populations 

abundance) and D1C4 (cetacean distributional range), in line with the new GES Decision.  

Descriptor 1 of the Marine Strategy Framework Directive (MSFD) requires that biological 

diversity is maintained and that the quality and occurrence of habitats and the distribution 

and abundance of species are in line with prevailing physiographic, geographic and climatic 

conditions. 

Three species of small-sized toothed cetaceans, Black Sea common bottlenose dolphin 

(Tursiops truncatus ponticus Barabash, 1940), Black Sea short-beaked common dolphin 

(Delphinus delphis ponticus Barabash, 1935), and Black Sea harbour porpoise (Phocoena 

phocoena relicta Abel, 1905) inhabit the basins of the Black and Azov Seas. A 

comprehensive abundance estimate for the entire Black Sea has not been conducted since 

the 80s of the XX century. The latest abundance estimation of cetaceans in the riparian 

country‟s waters, beside those of NGO research groups (e.g. Mare Nostrum NGO - 

Romania, Green Balkans NGO - Bulgaria, TUDAV - Turkey), research institutes (e.g. 

UKRSCES - Ukraine; IO-BAS – Bulgaria, P.P. Shirshov Institute of Oceanology RAN, 

A.N. Severtsov Institute of Ecology and Evolution – Russia) and academia (Ilia State 

University – Georgia, Russian Academy of Sciences – Russia, Istanbul University – Turkey, 
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etc.) (Baș et al., 2019; Birkun et al., 2004; 2006; 2014; Dede & Tonay, 2010, Gladilina & 

Gol‟din, 2016; Gladilina et al., 2017, Kopaliani et al., 2015; Mihalev, 2005; Paiu et al., 

2019; Panayotova & Todorova, 2015; Popov et al., 2017) in 2013 a survey was coordinated 

along the NW Black Sea (Birkun et. al., 2014) covering Ukrainian, Romanian and Bulgarian 

waters, for all the three species. Estimates were indicating an abundance of 29465 

individuals of harbour porpoise, 60400 of short-beaked common dolphins and 26462 of 

bottlenose dolphin. An older study for bottlenose dolphins and short-beaked common 

dolphins in the waters of Russia (along the Caucasian coast to a depth of 200 m and in the 

Kerch Strait) was carried out in 2002-2003 (Birkun et al., 2003). According to the results of 

aerial surveys of August 12-17, 2002, the number of bottlenose dolphins in the shelf zone of 

the Caucasian Black Sea coast was 823 ± 395. Short-beaked common dolphins were not 

evaluated due to their low occurrence. Based on the results of a vessel survey in September-

October 2003 in coastal waters of Crimea and the Caucasus, the following estimates were 

obtained 1157 ± 602 of harbor porpoises, 4193 ± 1090 of bottlenose dolphins, and 5376 ± 

1718 of common dolphins (Birkun et al., 2004).  

In 2019, in cooperation and co-financed by the ACCOBAMS two international teams 

worked hand by hand within two riparian projects "Support MSFD implementation in the 

Black Sea through establishing a regional monitoring system of cetaceans (D1) and noise 

monitoring (D11) for achieving GES" (CeNoBS) and "Improving Environmental 

Monitoring in the Black Sea – Selected Measures" (EMBLAS Plus) to assess the status of 

the Black Sea cetaceans. An objective under both the ACCOBAMS Survey Initiative and 

European Union Marine Strategy Framework Directive.  

The Black Sea is one of the most vulnerable regional seas and Romania and Bulgaria are the 

European Member States responsible for the implementation of the Marine Strategy 

Framework Directive (MSFD), in close collaboration with the other non-EU countries. This 

project is funded under the Call for proposals “Marine Strategy Framework Directive - 

Second Cycle: Implementation of the new GES Decision and Programmes of Measures”, 

and has a duration of 30 months, from January 2019 until June2021. 

The main objectives of this project are: 

I assessing D1 cetaceans related criteria and establishment of thresholds values, 

II assessing and supporting the development of D11 monitoring in the Black Sea, 

III enhancing coordination among the Black Sea region throughout the dissemination 

of the project activities, results and outcomes. 

 

SPECIES GROUPS OF MARINE MAMMALS, FISH AND CEPHALOPODS 

Species groups considered in the Black Sea application of the MSFD cover groups 

belonging to marine mammals and fish. Cephalopods are not present in the Black Sea. 

The cetacean fauna in the Black Sea includes three subspecies – the Black Sea harbour 

porpoise, the Black Sea common dolphin and the Black Sea bottlenose dolphin. All three 
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species are covered by Annex IV of the European Habitats Directive and therefore require 

strict protection by EU member states and two of the species are listed in Annex II thus 

requiring member states to designate sites of community interests (NATURA 2000) to 

ensure conservation of their core habitat. The present state of Black Sea cetacean 

populations is not certain despite research and conservation measures during last twenty 

years. The insufficiency of scientific information concerns the population abundance, 

distribution, migrations, critical habitats, anthropogenic and natural threats as well as some 

basic aspects of life history and pathology. 

The conservation status of Black Sea cetaceans has been reviewed and assessed under 

initiatives by the European Cetacean Society (1992), the European Commission (1999), the 

Black Sea Commission (1999 and 2008), ACCOBAMS (2002, 2006 and 2010), the 

International Whaling Commission (2004), and the IUCN (2008). 

2. REPORT ON CETACEAN POPULATIONS DISTRIBUTION AND ABUNDANCE IN THE 

BLACK SEA 

2.1. METHODS USE 

Main aim of this activity is to assess cetacean‟s density and abundance in the Black Sea, by 

applying the most robust and up-to-date methodology. Shared and systematic protocols have 

been used, to facilitate data comparison and to create a baseline data to allow future analysis 

in time and space, to assess eventual trends. A robust analytical modelling framework is 

currently being applied to the dataset, facilitating training activities for scientists in the 

region and encouraging a participatory approach. 

Establishing the GES for D1 is conditioned by robust and up-to-date knowledge of the 

different cetacean species in the entire basin. Due to the constraints imposed for the moment 

in the area, the project proposes the biggest coverage ever included in a cetacean Black Sea 

survey, allowing to cover more than half of the sea.  

2.1.1. VISUAL SURVEY 

Cetacean populations‟ distribution and abundance have been assessed through a regional 

aerial survey aimed at collecting visual observations of cetaceans following specific and 

shared protocols. The aerial survey methodology offers the possibility of a large coverage in 

a short period of time and is the most precise and robust approach for estimating the 

abundance of some cetacean species. The Black Sea is known for its rough sea conditions 

and the capacity of going from 0 sea state to 5 sea state in a matter of minutes. Therefore, 

using planes has allowed the necessary flexibility for easily adapting to weather constraints. 

The line transect distance sampling method has been used for the survey. This method is 

based on a statistical approach: data are collected by observers on board of aircrafts 

following specific transects designed to ensure an equal coverage and representation of the 
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study area. This approach is used in several other contexts (SCANS initiative – Small 

Cetaceans in the European Atlantic waters and North Sea – and more recently during the 

Mediterranean surveys conducted by ACCOBAMS in 2018 within the framework of the 

ACCOBAMS Survey Initiative project), and it is globally recognized as the best approach to 

assess distribution, density and abundance of cetacean species at large scale. In particular, 

several EU-countries implement this methodology as part of their cetaceans MSFD 

monitoring programmes. 

The data collection protocols and the survey design have been prepared by a Scientific 

Coordinator in close collaboration and consultation with scientists from Mare Nostrum, 

Green Balkans discussing it with the other project partners. The aerial survey has covered 

the waters of Romania, Bulgaria, Turkey, Ukraine, Georgia and Russia (territorial waters 

and exclusive economic zones) following pre-defined transect lines within different blocks. 

The survey design has been later adjusted according to Flight Information Regions (FIRs) 

constraints, as this was limiting the possibility of flying in specific areas. 

While targeting cetaceans was the highest priority during the aerial survey, other relevant 

observations were made in relation with D1 (biodiversity) and human activities (marine 

traffic, fisheries). In relation with the GES descriptors, the aerial survey did also collect 

information on D10 Marine Litter. The aerial survey has been conducted using small planes 

equipped with 2 engines, high wings and bubble windows, to allow the vertical view by the 

observers. Flights have been conducted during daytime, with good weather conditions. 

There have been 3 teams, one per plane, composed of one Team Leader and two observers 

each. In addition to the data recording work, the Team Leader fulfilled the specific task to 

coordinate the flight planning with the pilot and organizing the logistics of the team. The 

research teams were mixed, involving observers with experience in aerial surveys and 

observers that have been trained for their first aerial survey, thus implementing the capacity 

building component of the project, in light of future cycles of implementation of MSFD. The 

teams also had mixed representation in terms of participating countries, involving scientists 

from Romania, Bulgaria, Turkey and Ukraine. The Russia team was comprised of Russian 

scientist only. 

All teams have worked under the supervision of the Scientific Coordinator who was in 

charge of the different phases before the field work, as well as a regular monitoring of the 

implementation of the aerial surveys, to ensure appropriate use of the methodology, 

providing guidance and advice to the Team Leaders in their flight planning, and to validate 

the collected data. The survey coordinator was also in charge of training the teams on the 

distance sampling methodology and data collection protocols. 

Three sets of survey kits, with all the instruments needed to run an aerial survey were 

assembled and given to each Team Leader during a dedicated training workshop (Tulcea, 

Romania, June 2019), making sure that everything was in place, tested and working. A few 

spare kits and parts were kept by the Scientific Coordinator, who was ready to ship 

replacements in case of malfunctioning and failures.  
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Each of the 3 aircrafts accommodated at least three scientific crew in addition to the pilot. 

Target altitude was 183 m (600 feet) as customarily dealt in other surveys such as SCANS, 

SAMM, OBSERVE or REMMOA, and ASI, with target speed of 100 knots. The data 

recorder used SAMMOA software
 

(SAMMOA 1.1.2, 2017-2018), dedicated to data 

acquisition on marine megafauna from visual observation during aerial survey, developed by 

Pelagis Observatory-La Rochelle University-CNRS with technical support of a data 

processing office Code Lutin. SAMMOA is connected to a GPS and has a simultaneously 

audio recording system. SAMMOA allows to establish a flight plan before take-off, with 

planned tracklines and observer‟s position onboard. SAMMOA also allows the data 

validation with the same interface and the checking, thanks to the voice recordings 

associated to each visual observation. 

The survey was conducted flying along the planned surveys primarily in passive mode, 

unless it was necessary to obtain reliable estimates of school size or confirm species 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. The environmental conditions, reported by the observers, were recorded at 

the beginning of each transect and/or whenever a change occurred. The variables are the sea 

state (Beaufort scale), glare, cloud cover, turbidity of the sea and overall general sighting 

conditions. Sightings data, also reported by the observers, included species, group size and 

composition, direction of swimming and group behaviour. Other accessory information such 

as the presence of human activities was also recorded. Observations were made through so-

called bubble-windows allowing direct view on the track-line below the plane and recorded 

on a laptop with dedicated software (Fig. 2.1.1). The plane position, speed and altitude were 

continuously recorded through a GPS. 

 

Fig. 2.1.1. Schematic for data collection of sightings during aerial survey. 
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EcoOcéan Institut took part in the training and significant amount of time has been spent 

there to ensure good coding of the data with the software for all observers. Plenary sessions 

have been run to train, discuss and fix the different parameters to collect within SAMMOA, 

with the right codes. This process enhances the coherence and standard way to collect data 

and reduce a lot of mistakes, heterogeneity between observers or missing data. The attendees 

went through the auto-validation process together during the training, so the data received 

had a high quality. The communication through the WhatsApp group with Team Leaders 

helped in real time to solve problems with the software and data storage, and verification of 

the data collected. 

At the end of the survey EcoOcéan Institut proceed with the pre-treatment of the data 

collected during the survey (data verifying, data cleaning, and data extracting) in view of the 

analysis, in direct link with Team Leaders and task coordinators. The data have been sent to 

the specialist in charge of the analysis based on her recommendation for the format and 

under the supervision of the Scientific Coordinators. 

2.1.2. SURVEY DESIGN 

A total of 6 blocks were originally created (Fig. 2.1.2). The rationale for the blocks 

boundaries was the best compromise achieved between oceanographic zones, bathymetric 

characteristic and political/jurisdictional constraints. The first two are likely to have a 

marked effect on cetacean distributions. The design of the blocks was constantly updated as 

the survey was approaching, to take into consideration last minute issues related to permit 

issues and other logistical considerations, such as Flight Information Region (FIR) 

boundaries regulations, as this had influence on flight authorizations. 

 

Fig. 2.1.2. The original six blocks and the Russian block, added in a second phase. 
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For all blocks equal spaced zigzag (ESZ) design was selected. The direction of the tracks 

was set to be as perpendicular as possible to depth contours and the coast, according to best 

practice for distance sampling. 

The design aimed to achieve a minimum of 3% coverage of the areas, in order to be 

consistent with the Mediterranean survey, conducted in summer 2018. Five hundred 

iterations of each design were run in order to obtain the map of coverage probability (to 

assess whether it was homogeneous or not), and the mean percentage coverage, mean total 

on effort trackline length and mean total trackline length. 

The survey design was performed using the dedicated software Distance 7.3 that allows to 

choose the effort for each block, the orientation of the different tracks and calculate the best 

route to guarantee that each area has the same possibility of being covered by the planes. 

This is called Equal Coverage Probability and makes sure that the collected data are robust 

and statistically valid (please see Buckland et al., 2001, Introduction to Distance Sampling 

for further information and details on the methodology). The selected tracks allowed a final 

coverage of 5% for all the areas. 

Figure 2.1.3. shows the tracks actually covered during the survey by the two teams. 

          

 

Fig. 2.1.3. The tracks covered by the two planes (black=on effort; red=off effort). 
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2.1.3. DATA ANALYSIS 

The collected data was analysed to estimate abundance, density and assess distribution of the 

different species. Data analysis was performed with the support of skilled experts, using 

both model-based and design-based frameworks. 

2.1.3.1 DESIGN-BASED ANALYSIS  

Analysis of the data followed standard line transect methodology (Buckland et al. 2001). 

Density of schools was estimated from the number of schools sighted, the length of transect 

searched and the estimated esw (effective search width: probability * truncation (strip) 

width). The equation that relates density to the collected data is: 

 

 where     is density (the hat indicates an estimated quantity), n is the number of separate 

sightings of schools,   is mean school size (see below), L is the total length of transect 

searched, and esw is the estimated effective strip half-width. The quantity 2 eswL is thus the 

area of the strip that has been searched. The effective strip half-width is estimated from the 

perpendicular distance data for all the detected animals. It is effectively the width at which 

the number of animals detected outside the strip equals the number of animals missed inside 

the strip, assuming that everything is seen at a perpendicular distance of zero. To calculate 

the effective strip half-width, we fitted a detection function (see below and Buckland et al. 

2001 for further details). 

Abundance was estimated as: DAN ˆˆ     where A is the size of the survey area. 

A detection function was obtained for the species with enough sample size to estimate it: 

bottlenose dolphins, common dolphins and harbour porpoises.  

The design-based analysis was performed in R, with an ad-hoc script prepared for this 

dataset. Segments of tracks and sightings with sea state 4 (Douglas scale) or above were 

excluded from the analysis. 

Covariates for the detection function 

Detection functions were fitted to the perpendicular distance data to estimate the effective 

strip half-width, esw. Multi-Covariate Distance Sampling methods were used to allow 

detection probability to be modelled as a function of covariates additional to perpendicular 

distance from the transect line. These covariates were defined in the survey design phase and 

are shown in Table 2.1.3.1. 
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Left truncation 

By default, left truncation is set at 0 distance (i.e. no left truncation). But particularly for 

aerial surveys, it is common practice to left truncate perpendicular distance data if the 

histograms of frequency of perpendicular distances show that the area close to the line 

transect (distance=0) has clearly less observations than a bit further away. This happens 

always when there are no bubble windows (the observers cannot see right under the plane), 

and sometimes even when there are bubble windows (e.g. the windows are narrow and 

observers find very uncomfortable to look directly under the plane, observers tend to look 

further away and do not concentrate on the transect line, etc.).  

After exploration of the data, it was clear that left truncation was necessary. The problem was 

more acute for bottlenose dolphins and harbour porpoises. The distribution of perpendicular 

distances was explored at fine detail, and the following left truncations were chosen: 0.03 km for 

bottlenose dolphins, 0.06 km for harbour porpoises and 0.04 km for common dolphins. 

Tab. 2.1.3.1. Covariates tested in the models and their ranges or factor levels 

Covariate Type Levels 

Sighting related   

School size numeric  

Observer factor Observers‟ names 

Effort related   

Seastate (Douglas 

scale) 

factor & 

numeric 

0 (calm) 

1 (very light) 

2 (light breeze) 

2.5 (isolated whitecaps) 

3 (gentle breeze) 

4 (moderate breeze) 

Seastate2 factor 0-1 

2-3 

4-5 

Swell factor & 

numeric 

0  

1 m 

2 m  

Turbidity factor & 

numeric 

0 (clear) 

1 (moderately clear)  

2 (moderately turbid) 
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Sky glint factor & 

numeric 

0 (no glint) 

1 (glint)  

Glare severity factor & 

numeric 

0 (null) 

1 (slight) 

2 (moderate) 

3 (strong) 

Glare under factor & 

numeric 

0 (clear) 

1 (glare) 

Clouds numeric 0 to 8 from clear to totally  

Cloudy 

Clouds2 factor 0-2 

3-5 

6-8 

Subjective factor Subjective conditions in both 

sides (being E=excellent, 

G=good, M=moderate, 

P=poor) 

EE / EG / EM / GG / GM / 

GP / MM / MP / PP 

Subjective2 factor Subjective condensed into 

three classes 

EEG(EE / EG / GG) 

EMMG (EM / GM / MM) 

GPPM (GP / MP / PP) 

Time day factor am (6-12am) 

noon (12-2pm) 

pm (2-8pm) 

Aircraft factor Names of all aircrafts 

Team factor Names of all teams 

Effortstate factor Y (on track) 

N (off track) 
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Right truncation 

It is common practice to right truncate perpendicular distance data to eliminate sightings at 

large distances that have little or no influence on estimation of f(0) but adversely affect 

overall fit of the model.  

After visual inspection of the data (histograms of perpendicular distances) different right 

truncation distances were tested. A compromise between the comparison of the diagnostics 

of each of the different truncation distances and the percentage of data lost in each one was 

used to decide on the final right truncation. The diagnostics used were the qq-plots and the 

Cramer von Misses diagnostics (both of which show how well the fitted function fits the 

observed data). 

The final right truncation distances were: 0.325 km for common dolphins, 0.570 km for 

harbour porpoises and 0.320 km for bottlenose dolphins.  

Considering both left and right truncation, the number of observations discarded for analysis 

were 130 (16.1%) for common dolphins, 174 (19.5%) for harbour porpoises and 18 (7.44%) 

for bottlenose dolphins. 

Model diagnostics and selection 

The best functional form (Half Normal or Hazard Rate model) of the detection function and 

the covariates retained by the best fitting models were selected based on model fitting 

diagnostics: AIC, goodness of fit tests, Q-Q plots, and inspection of plots of fitted functions.  

Q-Q plots (quantile-quantile plots) compare the distribution of two variables; if they follow 

the same distribution, a plot of the quantiles of the first variable against the quantiles of the 

second should follow a straight line. To compare the fit of a detection function model to the 

data, we used a Q-Q plot of the fitted cumulative distribution function (cdf) against the 

empirical distribution function (edf). 

For goodness of fit tests, we used the Cramer-von Mises (CvM) statistics (that focus on the 

squared differences between cdf and edf). The smallest value of the CvM (and higher p-

value) means better fit. The smaller AIC was also preferred as it means a better compromise 

between fit of the model and its complexity (number of parameters). The AIC was the main 

diagnostics used. If there were several competing models (similar AIC within 2 points), then 

we looked at the CvM to asses which of them produced a better fit. 

2.1.3.2 MODEL-BASED ANALYSIS 

Spatial and environmental covariates 

Density surface models were produced by modelling species abundance as a function of 

environmental covariates. A spatial grid was created covering the survey area to provide 

values of environmental covariates for the effort segments and to predict abundance 

spatially. The resolution of the grid cells was chosen as the finest consistent resolution that 
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captures all available environmental covariates (10x10 km). Environmental data was thus 

assigned to the center of each grid cell.  

Environmental variables were derived from a large number of data sources. They included 

variables such as water depth (m), distance to the several depth contours (as proxies for 

coastal, continental shelf, oceanic habitats, etc.), distance to canyons and seabed slope. As 

indices of marine hydrology and/or biological activity/primary productivity, we included sea 

surface temperature, levels of chlorophyll-a and others. For a complete list of variables used, 

see Table 2.1.3.2.1. 

The dynamic covariates SST and CHL-a were obtained from SeaWiFS and MODIS-Aqua 

sensors and the SST of MODIS-Terra and MODIS-Aqua. Depth was extracted from ETOPO 

(a 1 arc-minute global relief model of Earth's surface that integrates land topography and 

ocean bathymetry, https://ngdc.noaa.gov/mgg/global/global.html). Its derivatives were 

obtained using ArcGis 10.5. 

Segments of effort 

All on-effort transects (i.e. where searching conditions were acceptable) were divided into 

segments (mean= 10.1 km) with homogeneous effort types, and under the assumption that 

little variability in physical and environmental features occurred, as they were clipped to fit 

each in a grid cell. Therefore, each segment was associated with the values of the covariates 

of the specific cell in which it fell. The clipping of the segments was done in ArcGis 10.5 

using the Tool “Identity” to clip the effort lines with the grid cells, resulting in a final mean 

segment length of 10.2 km. As for the design-based method, segments of tracks and 

sightings with sea state 4 were excluded from the analysis. Also sightings outside the 

truncation distances for each species. 

Stratification 

All estimates were produced for each individual block as well as for the whole of the study 

area (sum of the blocks). 

A complication of the analysis was that the Russian block was surveyed about 2 months 

later (in September) than the rest of the blocks. When analysing the data altogether using 

dynamic covariates that may change between the two survey periods, a bias or a misleading 

result could be obtained because of the confounding effect of potential real differences in 

distribution between Russia (at the easternmost part of the Black Sea) and the rest of the 

blocks (westernmost and southern parts), and differences due to changes in the 

environmental conditions within the two months lag between both surveys. Therefore, there 

are two fundamental problems: (a) the distribution of animals could be different in the two 

periods and (b) the relationship between density and environmental covariates could be 

different in the two periods. To explore this possibility, separate analyses were done for 

https://ngdc.noaa.gov/mgg/global/global.html
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Russia and the rest of the blocks, and another analysis pooling together all blocks including 

Russia. 

Models structure 

The count of groups in each segment was used as the response variable. The abundance of 

groups was modelled using a Generalized Additive Model (GAM) with a logarithmic link 

function, and a Tweedie error distribution, very close to a Poisson distribution but allowing 

for some over-dispersion. The general structure of the model is: 









 

k

ikkii zfan )()ln(exp 0

 

where ni is the number of groups in the i
th

 segment, the offset ai is the effective search area 

for the i
th

 segment (calculated as the length of the segment multiplied by twice the effective 

strip half-width – esw), Ѳ is the intercept, fk are smoothed functions of the explanatory 

covariates, and zik is the value of the k
th

 explanatory covariate in the i
th

 segment. The esw 

was obtained for each species/species group from their detection function, according to the 

covariates included in it. 

In the case of modelled group sizes, the observed group size of each sighting was taken as a 

response variable, no offset was used, and the distribution family was negative binomial. 

Model fitting and selection 

As a first step, an exploration of correlations was performed among covariates. As a result, 

“families” of covariates were created such as only one element of each family could be 

tested in each model. Figures 2.1.3.1. and 2.1.3.2. show the collinearity plots resulting for 

fixed and dynamic covariates. All correlations equal or above 0.7 were considered as 

collinear and therefore not used together in the same model. 

REML (Restricted maximum likelihood) was used to fit the models. Shrinkage smoothers 

were also used in all models, which reduces the effective degrees of freedom to zero if a 

covariate explains little variation in the data.  

A full model (including all covariates) was run. Using REML and shrinkage smoothers, the 

non-useful covariates were discarded reducing it only to the covariates to be tested in the 

final models.  

All the final models were run using all the potential combinations of the “useful” covariates 

selected by REML and the shrinkage smoothers from the full model, sequentially testing 

each covariate from each collinear family. All the resulting models were judged and ranked 

automatically by AIC avoiding time consuming and unreliable manual selection. 
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Abundance estimation 

Abundance of groups in each grid cells is estimated by multiplying the predicted density of 

groups from the model (modelled count of groups with the effective search area as the 

offset) by the surface area of the grid cell. Abundance per species in each grid cell were 

obtained then multiplying the abundance of groups by the mean group size estimated for 

each substratum or the modelled group sizes if spatial variation was observed.  

The total abundance estimates for the whole study area and for each block were obtained by 

summing up the abundance of all the grid cells comprised within the target study area. 

Uncertainty 

Variance of abundance was estimated by a parametric bootstrap procedure, also called 

“posterior simulation”. This method generates bootstrap replicates based on resampling the 

parameters of the best fitting model, instead of resampling the data itself. The delta method 

was used to combine the CV from the bootstrap with the CV from the detection function and 

from the model. The 95% CIs will be obtained using the final CV and assuming the 

estimates were lognormally distributed.  

All modelling was carried out using the statistical software R (R Core Team, 2017) using the 

mgcv package (Wood, 2011) within an ad-hoc script created for this dataset.  

Tab. 2.1.3.2. Covariates tested in the spatial models 

Covariate Description Units 

Fixed   

Lat Latitude dec. deg 

Lon Longitude dec. deg 

Aspect Orientation of the sea floor (0-359º) deg 

Depthmean Mean depth within the grid cell m 

Dist0 Distance to coast km 

Dist50 Distance to the 50m depth contour km 

Dist100 Distance to the 100m depth contour km 

Dist200 Distance to the 200m depth contour km 

Dist500 Distance to the 500m depth contour km 

Dist1000 Distance to the 1000m depth contour km 

Dist2000 Distance to the 2000m depth contour km 
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DistCan Distance to canyons km 

DistEsc Distance to escarpments km 

DistCanEs Distance to canyons/escarpments km 

DistShelf Distance to the continental shelf km 

DistSlope Distance to the slope km 

DistAbyss Distance to the abyss (beyond the slope) km 

Slope Slope of the sea floor deg 

Dynamic   

chl_mean Mean chlorophyll concentration for June-September mg/l 

chl_mean_season Mean chlorophyll concentration for the month the 

segment was surveyed 

mg/l 

mld_mean Mean mixed layer depth for June-September m 

mld_mean_season Mean mixed layer depth for the month the segment 

was surveyed 

m 

sbt_mean Mean sea bottom temperature for June-September deg.C 

sbt_mean_season Mean sea bottom temperature for the month the 

segment was surveyed 

deg.C 

ssc_mean Mean current intensity for June-September (upper 5 

m) 

m/sec 

ssc_mean_season Mean current intensity for the month the segment 

was surveyed (upper 5 m) 

m/sec 

ssh_mean Mean sea surface height anomaly for June-September m 

ssh_mean_season Mean sea surface height anomaly for the month the 

segment was surveyed 

m 

sss_mean Mean sea surface salinity for June-September (upper 

5 m) 

psu 

sss_mean_season Mean sea surface salinity for the month the segment 

was surveyed (upper 5 m) 

psu 

sst_mean Mean sea surface temperature for June-September 

(upper 5 m) 

deg.C 

sst_mean_season Mean sea surface temperature for the month the 

segment was surveyed (upper 5 m) 

 

deg.C 
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chl_sd Standard deviation of chlorophyll concentration for 

June-September 

mg/l 

chl_sd_season Standard deviation of chlorophyll concentration for 

the month the segment was surveyed 

mg/l 

mld_sd Standard deviation of mixed layer depth for June-

September 

m 

mld_sd_season Standard deviation of mixed layer depth for the 

month the segment was surveyed 

m 

sbt_sd Standard deviation of sea bottom temperature for 

June-September 

deg.C 

sbt_sd_season Standard deviation of sea bottom temperature for the 

month the segment was surveyed 

deg.C 

ssc_sd Standard deviation of current intensity for June-

September (upper 5 m) 

m/sec 

ssc_sd_season Standard deviation of current intensity for the month 

the segment was surveyed (upper 5 m) 

m/sec 

ssh_sd Standard deviation of sea surface height anomaly for 

June-September 

m 

ssh_sd_season Standard deviation of sea surface height anomaly for 

the month the segment was surveyed 

m 

sss_sd Standard deviation of sea surface salinity for June-

September (upper 5 m) 

psu 

sss_sd_season Standard deviation of sea surface salinity for the 

month the segment was surveyed (upper 5 m) 

psu 

sst_sd Standard deviation of sea surface temperature for 

June-September (upper 5 m) 

deg.C 

sst_sd_season Standard deviation of sea surface temperature for the 

month the segment was surveyed (upper 5 m) 

deg.C 
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Fig. 2.1.3.1. Collinearity plot for fixed covariates 
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Fig. 2.1.3.2. Collinearity plot for dynamic covariates 

3. RESULTS 

Aerial flights were conducted between June 17
th

 and July 4
th

, 2019. Two planes were 

employed during the survey, one starting from Romanian the North-West portion of the 

Black Sea and a second one surveying Turkish and Georgian waters, from east to west. 

Thanks to the momentum generated by CeNoBS and ACCOBAMS with EMBLAS-Plus, a 

third plane has undertaken an aerial survey in the Russian waters between September 22
nd

 

and September 24
th

, 2019. 

Given the relatively short period of time between the two surveys, and the expert knowledge 

that Black Sea cetaceans do not extensively migrate in this time-frame, it is considered 

adequate to pull the data together. Nevertheless, they were analysed together, as well as 

separated, as mentioned above, to verify eventual differences. 

3.1. RECORDED SIGHTINGS 

A total of 1,984 cetacean sightings were observed during the aerial survey, with 4,688 

individuals from 3 different species (Table 3.1.1). A total of 15,246 kilometres have been 
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surveyed by the three planes in the different blocks, with 9,354 km on effort and 5,892 km 

off effort. A summary is presented in Table 3.1.2. 

The aerial survey in the waters of the Russian Federation in September 2019 included 2,030 

km of effort, 15 transects. 240 sightings of cetacean groups were recorded, including 94 

sightings of common dolphins, 122 sighting of bottlenose dolphins and just 6 sightings of 

harbour porpoises. 

 

Tab. 3.1.1 – The total number of sightings (left) and individuals (right) observed during the 

aerial surveys. 

Species Number of sightings Number of individuals 

 CeNoBS Russia CeNoBS Russia 

Bottlenose dolphin 117 122 335 381 

Common dolphin 715 94 1762 543 

Delphinids 28 18 50 80 

Harbour porpoise 884 6 1522 15 

Total 1744 240 3669 1019 
 

 

Tab. 3.1.2 – The total number of kilometres covered per block on effort and off effort. 

Block Km on effort Km off effort Total Km 

Bulgaria 1115.53 159.59 1275.12 

Georgia 210.36 119.12 329.48 

Romania 816.32 548.44 1364.76 

Turkey1 2211.47 2095.2 4306.67 

Turkey2 2203.03 1405.1 3608.13 

Ukraine 767.39 735.7 1503.09 

Russia 2030.3 829.4 2859.7 

Total 9,354.40 5,892.55 15,246.95 
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The following figures present the geographical distribution of the different species of 

cetaceans observed, together with human pressures as they were sighted and recorded by the 

three teams (Figs. 3.1.1-3.1.10). 

 

Fig. 3.1.1. Human activities in terms of naval traffic and aquaculture farms. 

 

Fig. 3.1.2. Oil pollution and fishing trash observed by the teams. 



 

 

 

D2.2.2. Detailed Report on cetacean populations distribution and abundance in the Black Sea,  

including proposal for threshold values              22 | P a g e  
 

 

 

Fig. 3.1.3. Marine debris, including plastic debris, observed during the survey. 

 

Fig. 3.1.4. Cetacean sightings observed during the surveys within the CeNoBS blocks 
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Fig. 3.1.5. Cetacean sightings observed during the survey within the designated EMBLAS-

Plus block 

 

Fig. 3.1.6. Black Sea common dolphins observed during the survey. 
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Fig. 3.1.7. Black Sea harbour porpoises observed during the survey within the CeNoBS 

blocks. 

 

Fig. 3.1.8. Black Sea bottlenose dolphins observed during the survey within the CeNoBS 

blocks. 
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Fig. 3.1.9 – Marine birds observed during the survey within the CeNoBS blocks. 

 

 

Fig. 3.1.10 – Different seagull species observed during the survey within the CeNoBS 

blocks. 
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3.2. MARINE MAMMAL ABUNDANCE AND DENSITY ESTIMATION 

3.2.1. DESIGN-BASED ANALYSIS 

Table 3.2.1.1 and Figures 3.2.1.1 to 3.2.1.3 show the final detection functions chosen for 

each species and their diagnostics. Figures 3.2.1.4 to 3.2.1.6 show the individual effect of 

each covariate in the selected model. 

Tables 3.2.1.2 to 3.2.1.4 show the abundance estimates obtained with the design-based 

analysis for the three species of cetaceans. In these tables, “mean group size” is the mean of 

the observed group sizes, while “expected group size” is the result of dividing the estimated 

abundance of individuals by the estimated abundance of groups. 

Table 3.2.1.1. Parameters and results of the detection functions. Codes: Truncation: L= left 

truncation (km), R= right truncation (km); n = number groups in detection function; key 

functions: HN = half-normal, HR =hazard-rate; p=probability of detection; CV p = 

coefficient of variation of the probability of detection; esw = effective half-strip width (km); 

CvM p = p-value of the Cramer von Misses goodness of fit. 

 

Species 

Truncation 

n 

Key 

function Covariates p CV p esw CvM p L R 

Common 

dolphins 
0.04 0.325 676 HR 

seastate – 

glareunder – 

clouds2 

0.683 0.029 0.195 0.330 

Bottlenose 

dolphins 
0.03 0.320 224 HR 

subjective2 – 

effortstate - 

aircraft 

0.515 0.063 0.149 0.978 

Harbour 

porpoises 
0.06 0.570 717 HR 

seastate – 

turbidity – 

clouds2 

0.318 0.029 0.162 0.949 
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Q-q plot Detection function 

Fig. 3.2.1.1 - Q-q plot (left) and detection function (right) for common dolphins. The 

detection function is scaled to 1.0 at the left-truncated perpendicular distance, and the 

histograms represent the frequency of the observed sightings at different perpendicular 

distances. Dots represent individual sightings and the effect of the covariates considered. 

 
 

Q-q plot Detection function 

Fig. 3.2.1.2 - Q-q plot (left) and detection function (right) for bottlenose dolphins. The 

detection function is scaled to 1.0 at the left-truncated perpendicular distance, and the 

histograms represent the frequency of the observed sightings at different perpendicular 

distances. Dots represent individual sightings and the effect of the covariates considered. 



 

 

 

D2.2.2. Detailed Report on cetacean populations distribution and abundance in the Black Sea,  

including proposal for threshold values              28 | P a g e  
 

 

 

  

Q-q plot Detection function 

 

Fig. 3.2.1.3 - Q-q plot (left) and detection function (right) for harbour porpoise. The 

detection function is scaled to 1.0 at the left-truncated perpendicular distance, and the 

histograms represent the frequency of the observed sightings at different perpendicular 

distances. Dots represent individual sightings and the effect of the covariates considered. 
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Fig. 3.2.1.4 - Effect of the individual covariates from the final detection function for 

common dolphins. The detection function is scaled to 1.0 at the left-truncated perpendicular 

distance, and the histograms represent the frequency of the observed sightings at different 

perpendicular distances. Dots represent individual sightings and the effect of the covariates 

considered. 
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Fig. 3.2.1.5 - Effect of the individual covariates from the final detection function for 

bottlenose dolphins. The detection function is scaled to 1.0 at the left-truncated 

perpendicular distance, and the histograms represent the frequency of the observed sightings 

at different perpendicular distances. Dots represent individual sightings and the effect of the 

covariates considered. 
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Fig. 3.2.1.6 - Effect of the individual covariates from the final detection function for harbour 

porpoise. The detection function is scaled to 1.0 at the left-truncated perpendicular distance, 

and the histograms represent the frequency of the observed sightings at different 

perpendicular distances. Dots represent individual sightings and the effect of the covariates 

considered. 
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3.2.2. MODEL-BASED ANALYSIS 

Table 3.2.2.1 shows the parameters and selected covariates for the density surface modelling for 

each species. For harbour porpoises there were not enough sightings in the Russian/ EMBLAS-

Plus block to run an independent model. 

Tab. 3.2.2.1 - Parameters and selected covariates. The meaning of the covariates can be 

consulted in Table 3.2.1.1; edf = estimated degrees of freedom; p = significance of the 

covariate. 

  Groups Group size 

Species Blocks Covariates edf p 

Deviance 

explaine

d (%) 

Covariates edf p 

Deviance 

explaine

d (%) 

Common 

dolphins 

All except 

Russia 

Lat,Lon 21.48 0.00000 

39.82 

   

14.29 

Aspect 2.37 0.00188 Lat,Lon 15.63 0.00000 

DistCanEsc 0.87 0.00496 DistCanEsc 0.85 0.00255 

ssc_spsd_season 0.98 0.00004    

ssh_mean_season 6.12 0.00000    

Russia DistSlope 0.89 0.00924 3.46 

DepthMean 0.78 0.03270 

10.99 

sst_spsd_season 0.90 0.00560 

All blocks 

Lat,Lon 17.04 0.00000 

33.72 

Lon 5.57 0.00000 

27.40 

Slope 3.41 0.00023 ssc_mean_season 0.96 0.00095 

ssc_spsd 4.52 0.00000 ssc_spsd_season 5.96 0.00000 

ssh_mean 5.46 0.00000 ssh_mean_season 5.35 0.00000 

sst_spsd 0.89 0.00346 

Bottlenose 

dolphins 

 

All except 

Russia 

DistShelf 0.99 0.00004 

13.10 Lat,Lon 13.46 0.07404 29.62 Lon 0.87 0.01126 

ssh_mean_season 0.91 0.00475 

Russia Lat,Lon 21.87 0.00000 45.89 DistSlope 1.98 0.00015 13.43 
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All blocks 

DistCanEsc 0.89 0.00559 

22.59 

   

13.60 

DistPorts 0.98 0.00022 Dist100 0.91 0.00400 

ssc_spsd_season 2.58 0.00001 DistSlope 4.77 0.00018 

sst_mean 5.15 0.00000    

Harbour 

porpoise 
All blocks 

Lat,Lon 21.30 0.00000 

50.75 

Lat,Lon 13.13 0.00000 

26.79 DepthMean 0.87 0.00831 Dist2000 7.57 0.00000 

ssh_mean_season 3.13 0.00002 ssc_mean_season 8.21 0.00000 

 

Tables 3.2.2.2 to 3.2.2.4 show the results of abundance estimates for the model-based analysis 

for each species. 

Table 3.2.2.2 - Results of the model-based analysis for common dolphins for the three sets of 

models 

Dataset Stratum 

Area 

km2 

mean 

group 

size 

CV 

mean 

group 

size 

Density 

(Anim./km2) Abundance CV 

95% Confidence 

Interval 

All blocks 

Bulgaria 32683 2.674 0.130 0.332 14231 0.1219 11506 18433 

Georgia 6237 2.750 0.255 0.139 1431 0.3823 735 2896 

Romania 18611 2.717 0.199 0.143 3661 0.1528 2772 4966 

Russia 48547 5.659 0.105 0.463 28657 0.1199 23732 37001 

Turkey1 71796 2.604 0.077 0.448 38896 0.0925 33392 47553 

Turkey2 69785 2.227 0.069 0.439 38033 0.0885 33548 45686 

Ukraine 21057 1.867 0.227 0.037 1242 0.2546 806 2086 

Total 268716 2.787 0.047 0.361 118328 0.0628 109398 136922 

Without 

Russia 

Bulgaria 32683 2.674 0.130 0.316 13542 0.1263 10898 17414 

Georgia 6237 2.750 0.255 0.162 1671 0.3703 882 3567 

Romania 18611 2.717 0.199 0.166 4243 0.1745 3105 6049 

Turkey1 71796 2.604 0.077 0.435 37776 0.0947 32898 46341 
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Turkey2 69785 2.227 0.069 0.454 39332 0.0824 34918 47264 

Ukraine 21057 1.867 0.227 0.037 1255 0.3348 747 2634 

Total 268716 2.375 0.047 0.342 90895 0.0634 84616 105659 

Russia Russia 48547 5.759 0.105 0.537 33246 0.0936 28300 40073 

 

Table 3.2.2.3 - Results of the model-based analysis for bottlenose dolphins for the three sets of 

models 

Dataset Stratum 

Area 

km2 

mean 

group 

size 

CV 

mean 

group 

size 

Density 

(Anim./km2) Abundance CV 

95% Confidence 

Interval 

All blocks 

Bulgaria 32683 3.172 0.195 0.240 10262 0.2736 6094 17537 

Georgia 6237   0.110 1134 0.4190 518 2475 

Romania 18611 2.342 0.206 0.243 6208 0.2561 3968 10325 

Russia 48547 3.130 0.086 0.279 17288 0.2643 10772 28852 

Turkey1 71796 2.957 0.134 0.198 17205 0.2849 9991 29852 

Turkey2 69785   0.229 19840 0.2862 11646 33949 

Ukraine 21057 3.600 0.250 0.131 4387 0.2890 2555 7697 

Total 268716 3.027 0.065 0.221 72369 0.2622 45174 119672 

Without 

Russia 

Bulgaria 32683 3.172 0.195 0.147 6310 0.2309 4220 10282 

Georgia 6237   0.003 26 1.2699 1 209 

Romania 18611 2.342 0.206 0.149 3801 0.2249 2651 5880 

Turkey1 71796 2.957 0.134 0.070 6094 0.2377 4173 9910 

Turkey2 69785   0.007 600 1.0936 74 4299 

Ukraine 21057 3.600 0.250 0.093 3101 0.2877 1881 5532 

Total 268716 2.917 0.099 0.068 18091 0.2449 14249 29922 

Russia Russia 48547 3.130 0.086 0.389 24078 0.1780 20954 39621 
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Tab. 3.2.2.4 - Results of the model-based analysis for harbour porpoise 

Dataset Stratum 

Area 

km2 

mean 

group 

size 

CV mean 

group 

size 

Density 

(Anim./km2) Abundance CV 

95% Confidence 

Interval 

All blocks 

Bulgaria 32683 1.702 0.055 1.143 48924 0.0899 42190 58986 

Georgia 6237   0.007 70 0.8996 15 347 

Romania 18611 2.391 0.450 0.426 10887 0.1384 8414 14489 

Russia 48547 1.667 0.400 0.006 380 0.5638 178 1298 

Turkey1 71796 1.657 0.065 0.363 31508 0.0983 27072 38719 

Turkey2 69785 1.389 0.072 0.130 11251 0.1384 8971 15152 

Ukraine 21057 2.029 0.146 0.098 3280 0.3163 2049 6324 

Total 268716 1.768 0.085 0.288 94219 0.0695 85430 109750 

 

3.3. MODELLING RESULTS 

Based on the collected data a modelling action was performed in order to predicted the 

distribution of the species within the surveyed blocks. The predictive maps are presented 

below specie by specie. 

3.3.1. PREDICTIVE MAPS FOR HARBOUR PORPOISE 

Black Sea harbour porpoises were the most common species observed during the CeNoBS 

aerial surveys, with 884 sightings, totalling 1,522 individuals. On the contrary they were the 

least observed cetacean species by the ASI/EMBLAS-Plus survey, with only 6 sightings. 

The following maps present harbour porpoise predicted density and abundance in the 

surveyed area (Figs. 3.2.2.1-3.2.2.3). Different approaches in the data analysis have been 

applied and the following maps present them in this order: 

Predictive maps including CeNoBS study area and EMBLAS-Plus study area together. 
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Fig. 3.2.2.1 - Prediction of group sizes for harbour porpoises modelling all blocks. 

 

 

Fig. 3.2.2.2 - Prediction of abundance of groups for harbour porpoises modelling all blocks. 
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Fig. 3.2.2.3 - Prediction of abundance of animals for harbour porpoises modelling all blocks. 

 

3.3.2. PREDICTIVE MAPS FOR COMMON DOLPHIN 

Black Sea common dolphins were the second most common species observed during the 

CeNoBS aerial surveys, with 715 sightings, totalling 1,762 individuals. This was also the 

second most abundant species in the ASI/EMBLAS-Plus survey, with 94 sightings. 

The following maps present common dolphin predicted density and abundance in the 

surveyed area (Figs. 3.2.2.4-3.2.2.12). Different approaches in the data analysis have been 

applied and the following maps present them in this order: 

1. Predictive maps including CeNoBS study area and EMBLAS-Plus block study area 

together 

2. Predictive maps including CeNoBS study area only 

3. Predictive maps including EMBLAS-Plus study area only 
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Fig. 3.2.2.4 - Prediction of group sizes for common dolphins modelling all blocks. 

 

 

Fig. 3.2.2.5 - Prediction of abundance of groups for common dolphins modelling all blocks. 
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Fig. 3.2.2.6- Prediction of abundance of animals for common dolphins modelling all blocks. 

 

 

Fig. 3.2.2.7 - Prediction of group sizes for common dolphins modelling only CeNoBS blocks. 
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Fig. 3.2.2.8 - Prediction of abundance of groups for common dolphins modelling only 

CeNoBS blocks. 

 

 

Fig. 3.2.2.9 - Prediction of abundance of animals for common dolphins modelling only 

CeNoBS blocks. 
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Fig. 3.2.2.10 - Prediction of group sizes for common dolphins modelling only EMBLAS-Plus 

block. 

 

 

Fig. 3.2.2.11 - Prediction of abundance of groups for common dolphins modelling only 

EMBLAS-Plus block. 
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Fig. 3.2.2.12 - Prediction of abundance of animals for common dolphins modelling only 

EMBLAS-Plus block. 

 

3.3.3. PREDICTIVE MAPS FOR BOTTLENOSE DOLPHIN 

Black Sea bottlenose dolphins were the least common species observed during the CeNoBS 

aerial surveys, with 117 sightings, totaling 335 individuals. On the contrary, they were most 

abundant species in the ASI/EMBLAS-Plus survey, with 122 sightings. 

The following maps present bottlenose dolphin predicted density and abundance in the 

surveyed area (Figs. 3.2.2.13 - 3.2.2.21). Different approaches in the data analysis have been 

applied and the following maps present them in this order: 

1. Predictive maps including CeNoBS study area and EMBLAS-Plus study area together 

2. Predictive maps including CeNoBS study area only 

3. Predictive maps including EMBLAS-Plus study area only 
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Fig. 3.2.2.13 - Prediction of group sizes for bottlenose dolphins modelling all blocks. 

 

 

Fig. 3.2.2.14 - Prediction of abundance of groups for bottlenose dolphins modelling all 

blocks. 
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Fig. 3.2.2.15 - Prediction of abundance of animals for bottlenose dolphins modelling all 

blocks. 

 

 

Fig. 3.2.2.16 - Prediction of group sizes for bottlenose dolphins modelling only CeNoBS 

blocks. 
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Fig. 3.2.2.17 - Prediction of abundance of groups for bottlenose dolphins modelling only 

CeNoBS blocks. 

 

 

Fig. 3.2.2.18 - Prediction of abundance of animals for bottlenose dolphins modelling only 

CeNoBS blocks. 



 

D2.2.2. Detailed Report on cetacean populations distribution and abundance in the Black Sea,  

including proposal for threshold values              49 | P a g e  

 

 

Fig. 3.2.2.19 - Prediction of group sizes for bottlenose dolphins modelling only EMBLAS-

Plus block. 

 

 

Fig. 3.2.2.20 - Prediction of abundance of groups for bottlenose dolphins modelling only 

EMBLAS-Plus block. 
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Fig. 3.2.2.21 - Prediction of abundance of animals for bottlenose dolphins modelling only 

EMBLAS-Plus block. 

 

 

4. DISCUSSION 

The abundance estimates provided in this report are underestimates, in that they have not yet 

been corrected for availability or perception bias. It may be possible to collect data in the 

future that will allow for such correction. To give an indication of the extent by which the 

estimates may be negatively biased, we provide information on corrections factors derived 

from a similar effort in European Atlantic waters (SCANS-III). 

During the SCANS-III survey, the circle-back or “racetrack” method of Hiby (1999) was used 

to collect data from which correction could be made for animals missed on the transect line 

(Hammond et al. 2017). In this approach, on detecting a group of animals, the aircraft circles 

back to resurvey a defined segment of transect, thus providing information on whether or not 

a group was resighted. These data are then analysed in a similar way to data collected on two 

platforms on a ship survey to estimate the probability of detecting a group of animals on the 

transect line, known as g(0). The same method was used in SCANS-II (Hammond et al. 2013) 

and an equivalent method developed for tandem aircraft (Hiby & Lovell 1998) was used in 

SCANS (Hammond et al. 2002). Further details regarding implementation of this method can 

be found in Scheidat et al. (2008). 
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In previous surveys, the circle-back method was only used for harbour porpoise. In SCANS-

III, this method was also implemented for delphinids (including bottlenose and common 

dolphins), with the aim of correcting for animals missed on the transect line for these species.  

The following table presents estimates of g(0) for harbour porpoise and all dolphin species 

combined obtained from the SCANS-III aerial surveys, for good and moderate sighting 

conditions classified based on sea conditions, water turbidity and glare (Hammond et al. 

2017). Note that these estimates of g(0) should correct for both availability and perception 

biais. The g(0) correction factors are described below. 

 g(0) 

Conditions Good (CV) Moderate (CV) 

Harbour porpoise 0.364 (0.16) 0.279 (0.17) 

Dolphins (all species) 0.805 (0.13) 0.414 (0.14) 

Correction for such biases, whilst important to obtain estimates of absolute abundance, is not 

essential for trend analyses (for which the estimates can be treated as indices of abundance), 

provided that it can be assumed that the levels of bias remain constant over time. This requires 

surveys to be conducted using equivalent aircraft, observers and field protocols.  

 

4.1 COMMON DOLPHINS 

According to the results of these aerial surveys, Black Sea common dolphins are quite 

abundant in the southern part of the Blacks Sea, along the transect off the coasts of Turkey, 

and Bulgaria. They seem to be rather scarce in the north-western part, as only few sightings 

have been reported from the Ukrainian and Romanian waters. The number of sightings 

increases with a gradient from North to South in the western portion of the Black Sea, with a 

higher number of sightings starting from the border between Romania and Bulgaria.  

Depth seems to be the driving factor mainly related to their distribution, with a marked 

preference for deeper waters during the summer time when the aerial survey occurred, thus 

justifying the lack of sightings in the north-eastern portion of the Black Sea. They also seem 

to be less frequent closer to shore, where waters are clearly shallower. These findings well 

concur with all the available historical evidence (Kleinenberg, 1956; Mikhalev, 2008; Birkun 

et al., 2014). Whereas common dolphins are present in the shallow north-western waters, their 

density and abundance evidently reach maximum in pelagic areas (Paiu et al. 2019; Birkun, 

2008; di Sciara, 2002). 
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The aerial survey off the Russian coast presents a similar situation, with results in line with 

knowledge on common dolphins‟ presence and distribution. Common dolphins appear to be 

fairly abundant in the surveyed waters, with a general even distribution in the study area, with 

no specific high-density concentrations. 

Group size varied during the aerial survey, with observed groups ranging from 1 to 32 

individuals. Dolphin groups were evenly distributed in Romanian, Bulgarian, Turkish and 

Georgian waters, without specific trends or patterns. Black Sea common dolphins appear to 

concentrate in groups more in the Russian waters compared to the rest of the surveyed areas. 

Also, this pattern concurs with historical reports (Kleinenberg, 1956; Mikhalev, 2008) who 

reported the greatest aggregations in the north-eastern Black Sea. However, in July the groups 

numbering more than 50 individuals were only reported prior to 1981, and in earlier studies 

the group size was found to fluctuate with season, with maximum during the spring 

(Mikhalev, 2008). 

The prediction maps (Figs. 3.2.2.4-3.2.2.12) derived from the observations tend to reflect 

common dolphins‟ presence and preferred habitats, with a strong model preference for the 

Russian waters, where several sightings occurred. The model is therefore biased by the 

EMBLAS-Plus sightings and tends to predict most of them in Russian waters. In order to 

address this and to factor the uneven distribution of Black Sea common dolphins, prediction 

model has also been run without the Russian data, and the relative maps show two main areas 

as high-density ones, in the south-west portion of the Back Sea and off the central part of 

Turkey. 

 

4.2 BOTTLENOSE DOLPHINS 

Black Sea bottlenose dolphins presented a rather uneven distribution pattern throughout the 

study areas, with a fairly even distribution in Ukraine, Romania and Bulgaria. In these 

countries they showed marked preference for shallower and coastal waters, as expected for 

this species. Along the coast of Turkey, this species has been observed in coastal areas in the 

western part, while no sighting occurred east of longitude 34° E, including the waters of 

Georgia. Numbers of sightings in the CeNoBS area were lower if compared with the other 

Black Sea cetacean species, with sightings characterised by shallow depths. The shallow 

depth preference generally concurs with some historical evidence (Kleinenberg, 1956; Birkun, 

2012). There are data available from earlier surveys in Georgian waters: abundance of 

bottlenose dolphins was found to be low, 100 to 150 individuals, and they were unevenly 

distributed (Kopaliani et al., 2015) This well explains absence of finding during the CeNoBS 

surveys.  

Bottlenose dolphins, however, were the most observed species off the coast of Russia, with 

groups of dolphins observed evenly throughout the surveyed area, with no clear habitat 
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preferences. Bottlenose dolphin‟s sightings extended towards the end of the transects, in 

offshore waters, distant from the coast and in deeper waters compared to the other surveyed 

areas. This pattern well fits the earlier findings by Mikhalev (2005) who found the maximum 

number of sightings in that area in July. 

Group size for bottlenose dolphins ranged from 1 to 16 individuals, with larger groups 

randomly distributed across the study area; no gradients or trends in group sizes could be 

observed with the collected data. Also, this concurs with all the available historical evidence, 

with no long-term changes (Gladilina et al., 2018; Paiu et al., 2019).  

Prediction maps (Figs. .2.2.13 - 3.2.2.21) are also influenced by the high number of bottlenose 

dolphins observed in the Russian study area where this species resulted as the most abundant 

one. Based on the high number of dolphins in the area, the model predicts higher densities in 

the eastern Turkish waters where no bottlenose dolphins have been observed. In order to 

address this potential bias, a model with only CeNoBS data has also been prepared and run, 

providing more conservative prediction maps in western Turkey, Bulgaria, Romania and 

Ukraine, where most of the sightings were actually recorded. For this species, it is best to 

consider the two models separately: “Without Russia” and “Russia”, and not the “All 

Blocks”. If we exclude Russia from the design-based, the total estimate is 19650, quite close 

to the 18091 of the result “Without Russia”, while Russia by itself estimates very similar 

numbers. 

Therefore, summer distribution of bottlenose dolphins in the Black Sea seems to be 

influenced not only by environmental drivers. The best evidence for this conclusion is that 

there is an available summer habitat for this species in the eastern Turkish waters which 

remained not occupied. Meanwhile, it is typical for bottlenose dolphins with their complex 

social organization that behavioral and cultural aspects can shape distribution and migration 

patterns for groups and societies. It was shown the bottlenose dolphins form a metapopulation 

in the northern Black Sea, with a few coastal migrating stocks occupying the same summer 

habitats during long time periods (Gladilina et al., 2018; Paiu et al. 2019), and this also can be 

the case for the other parts of the Black Sea (Bas et al, 2019). 

 

4.3 HARBOUR PORPOISES 

Black Sea harbour porpoises were the most observed cetacean species during the CeNoBS 

survey and by contrast were the least observed cetacean during the Russian survey. Sightings 

of harbour porpoises peaked in Bulgarian waters, where the highest number of sightings was 

recorded. Sightings frequency then decreased as the transects moved towards the north and 

the south-eastern section of the Black Sea. Lesser sightings were recorded towards the eastern 

part of the study area, off Turkey and in Georgia. Similarly, the number of sightings 
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decreased towards Ukraine, even if some sightings occurred in the northern part of the 

Ukrainian study area, in relatively shallow waters. 

Group size oh harbour porpoises tend to be rather small, with the predominance of sightings 

composed by one to three animals; in a few occasions larger groups were observed, with an 

extraordinary sighting of about 100 individuals, spotted offshore along the border between 

Bulgarian and Romania waters.  

Black Sea harbour porpoise distribution broadly follows habitat preferences for this species, 

with sightings tending to shelf waters 100-200 m deep. Nevertheless, overall preferences 

seem to be broad: sightings occurred as close to the coast, mainly in the western Black Sea 

and along the central-east Turkish coasts, as offshore, in deep Turkish waters. Historically 

such a distribution was pointed out by Mikhalev (2005a). 

No sightings of harbour porpoises were recorded in Georgian waters, even if this species has 

been observed in previous monitoring activities by local scientists. Certainly, this is not the 

evidence of absence: this concurs with evidence by Kopaliani et al. (2015) who found 

seasonal fluctuations in harbour porpoise occurrence, with the minimum sightings in summer. 

However, this clearly indicates low summer density of porpoises in the eastern Black Sea. 

Moreover, during the Russian aerial survey, only six sightings of Black Sea harbour porpoise 

were recorded, demonstrating how this species is not particularly abundant in the area covered 

by this aerial survey. This is an extremely unexpected finding, since historically the north-

eastern Black Sea and, particularly, the waters off the north Caucasian coast were the hotspot 

for porpoises (Kleinenberg, 1956; Mikhalev, 2005).  

Prediction models (Figs. 3.2.2.1-3.2.2.3) follow nicely the sightings and observed animals 

from the planes, with a peak in predicted presence off the coasts of Bulgaria, and less intense 

predicted areas in the south-western corner of the study area, close to the border between 

Turkey and Bulgaria. Similarly, the model predicts harbour porpoises‟ aggregations along the 

border between Bulgaria and Romania, where the large group of 100 individuals was 

observed. This distribution pattern concurs with the earlier evidence from the western Black 

Sea (Birkun et al., 2014); however, it differs from the historical evidence when there were at 

least three to four summer hotspots identified: the north-western, south-western, north-eastern 

and south-eastern ones (Mikhalev, 2005). Of them, only a single peak was confirmed by this 

survey, despite the surveys covered all the four areas of presumable historical maxima. 

 

5. RECOMMENDATION FOR BASELINE AND THRESHOLD VALUES 

The CeNoBS project, together with the Russian aerial survey (performed in the frame of 

ACCOBAMS Survey Initiative), provided robust data on density and abundance of Black Sea 

cetaceans. The tracks of the aerial surveys were designed in a way to facilitate obtaining 

abundance data for each country involved in the monitoring programme. The study area, 
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however, was adapted to match international air spaces, otherwise permission to fly would 

have not been granted. This resulted in slightly smaller area, when compared to national 

Exclusive Economic Zones (EEZ). While estimates are available, through both design and 

model based analytical frameworks, for each country, we strongly recommend considering 

the estimates at the regional level. All the cetacean species are considered range widely in the 

Black Sea, with animal movements varying seasonally and inter-annually in ways that cannot 

be fully predicted. A focus on estimates in national waters will result in much greater 

variability and make trends in abundance over time difficult to interpret. A regional focus, 

however, will provide a much clearer picture of how the size of these populations of cetaceans 

in the Black Sea are changing over time. 

During the Fifth Meeting of the Black Sea Working Group (established under the Agreement 

between the Ministry of Environment and Water Management of Romania and the Ministry 

of Environment and Water of the Republic of Bulgaria on Cooperation in the field of Water 

Management signed in Bucharest on 12 November 2004) that took place in Constanta, on 19 

February 2019 threshold values have been discussed. The outcomes of discussions on D1 

Biodiversity (Marine mammals) are presented in Table 5.1. 

 

Table 5.1. Outcomes from Fifth Meeting of the Black Sea Working Group (19 February 2019) 

regarding D1 Biodiversity (Marine mammals). 

Criterion Romania 

(Target/threshold) 

Bulgaria 

(Target/threshold) 

Conclusions 

D1C1- accidental by-

catch by species and 

métiers 

The by-catch 

should not exceed 

1.7% of the 

abundance of the 

population of each 

species. 

No targets and 

thresholds set due 

to lack of 

information  

Dedicated surveys in BG and RO 

are necessary to be carried out to 

collect data by observers, not 

from questionnaires‟ only. 

D1C2- abundance 

(number of 

individuals) per 

species 

No targets and 

thresholds set. 

Targets and 

thresholds set 

according to 

Birkun et al., 2014. 

RO will use results from 

CeNoBS  

project and BG will update 

thresholds. 

D1C3 - demographic 

characteristics per 

species 

No indicators and thresholds set in BG 

and RO 

Dedicated surveys in BG and RO 

are necessary to be carried out to 

collect data and then to set targets 

and thresholds 

D1C4- the species 

distributional range  

No targets and 

thresholds set. 

Targets and 

thresholds set 

partially. 

Dedicated surveys in BG and RO 

are necessary to be carried out to 

collect data and then to set targets 

and thresholds. 
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D1C5- the habitat for 

the species has the 

necessary extent and 

condition to support 

the different stages in 

the life history of the 

species 

No indicators and thresholds set in BG 

and RO 

Dedicated surveys in BG and RO 

are necessary to be carried out to 

collect data and then to set targets 

and thresholds. 

THRESHOLD PROPOSAL UNDER PREVIOUS EFFORTS (TABLE 5.2) 

Based on the available identified Criteria at the regional level (table below), as results of past 

and ongoing research actions on D1- marine mammal, we propose to start working on these 

and if needed to develop additional ones. Following the aerial survey performed in summer 

2019 data related to D1C2 and D1C4 is available and based on the ongoing pilot on bycatch 

of cetaceans, information on D1C1 will be provided. Information needed for assessing the 

D1C3 and D1C5 is still missing.  

 

Table 5.2. Previously proposed TVs  

 

Feature Element assessed Criterion Parameter 

(Criterion) 

Unit Bulgaria Romania 

Feature Element GES 

component 

Criterion Value 

Unit 

EU level Threshold 

values 

D1 Biodiversity 

[Marine 

mammals] 

Delphinus delphis 

ponticus Barabasch-

Nikiforov, 1935 

[Short-beaked 

Common dolphin] 

D1C1 Bycatch rate % 
 

proposed 

<1.7 

D1C2 Abundance Count 30737 
 

D1C4 Density ind/km
2
 0.872 

 

D1C4 Distributional 

range 

km
2
 

  

D1C5 Habitat of the sp. %/km
2
 

  

Tursiops truncatus 

ponticus Barabash-

Nikiforov, 1940 

[Black Sea Bottlenose 

dolphin] 

D1C1 Bycatch rate % 
 

proposed 

<1.7 

D1C2 Abundance Count 9947 
 

D1C4 Density ind/km
2
 0.282 
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D1C4 Distributional 

range 

km
2
 

  

D1C5 Habitat of the sp. %/km
2
 

  

Phocoena phocoena 

relicta Abel, 1905 

[Black Sea Harbour 

porpoise] 

D1C1 Bycatch rate % 
 

proposed 

<1.7 

D1C2 Abundance Count 8539 
 

D1C4 Density ind/km
2
 0.242 

 

D1C4 Distributional 

range 

km
2
 

  

D1C5 Habitat of the sp. %/km
2
 

  

 

5.1. SETTING THE BASELINE  

Pragmatic options for setting threshold values under the MSFD for D1C2 and D1C4 – 

cetaceans –for Romania and Bulgaria based on guideline “Pragmatic options for setting 

threshold values (TVs) under the MSFD”, existing EU MSFD CIS material including 

glossary of SWD(2020) 62 final. 

5.1.1. BACKGROUND 

TVs are needed to enable a management of the pressures and triggers for action.  

The revised Commission Decision 2017/848/EU requires EU Member States to establish TVs 

for the criteria of the 11 descriptors of the Marine Strategy Framework Directive (MSFD). 

TVs, which are now mandatory through the new provisions, are intended to contribute to 

Member States‟ determination of a set of characteristics for Good Environmental Status 

(GES) and enable their assessment of the extent to which GES is being achieved under the 

MSFD.  

Based on scientific proposals and approved by EU Member States at the Marine Strategy 

Coordination Group (MSCG), agreed TVs provide an equal level of protection of species and 

habitats in European marine waters from harm caused by anthropogenic pressures.  

5.1.2. SETTING THE FRAME 

„Threshold value‟ means a value or range of values that allows for an assessment of the 

quality level achieved for a particular criterion, thereby contributing to the assessment of the 
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extent to which GES is being achieved (Art. 2 (5) Commission Decision (EU) 2017/848). In 

other words, TVs provide a boundary for a criterion or an element being in good status or not 

good status. The use of proxies and interim values combined with the precautionary principle 

can bridge the time needed to close the knowledge gaps in relation to defining the point at 

which the state is considered as being good/not good in a quantified/quantifiable way.  

 

Art. 4 (1) Commission Decision (EU) 2017/848 sets out a series of requirements for setting 

TVs. Those values shall:  

(a) be part of the set of characteristics used by Member States in their determination of good 

environmental status 

(b) be consistent with Union legislation  

(c) where appropriate, distinguish the quality level that reflects the significance of an adverse 

effect for a criterion and be set in relation to a reference condition 

(d) be set at appropriate geographic scales of assessment to reflect the potential risks to the 

marine environment 

(e) be set on the basis of the precautionary principle, reflecting the potential risks to the 

marine environment 

(f) be consistent across different criteria when they relate to the same ecosystem element 

(g) make use of best available science 

(h) be based on long time-series data, where available, to help determine the most appropriate 

value 
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(i) reflect natural ecosystem dynamics, including predator-prey relationships and hydrological 

and climatic variation, also acknowledging that the ecosystem or parts thereof may recover, if 

deteriorated, to a state that reflects prevailing physiographic, geographic, climatic and 

biological conditions, rather than return to a specific state of the past.  

(j) be consistent, where practical and appropriate, with relevant values set under regional 

institutional cooperation structures, including those agreed in the Regional Sea Conventions. 

Until Member States have established threshold values through Union, regional or 

subregional cooperation, Art. 4 (2) Commission Decision (EU) 2017/848 allows to use among 

others: 

- directional trends of the values; 

- pressure-based threshold values as proxies 

Provided these follows, where possible, the principles set out in points (a) to (i) of Art. 4(1) 

MSFD. 

The above-mentioned requirements for setting threshold values, including use of reference 

conditions, are discussed in SWD (2020) 62 final, accompanying the Art. 20 MSFD report of 

the EU Commission (COM, 2020, 259 final). 

Setting TVs follows different options and concepts depending on the nature of the element or 

criterion concerned. Setting TVs is in principle a combination of defining a reference 

condition and an acceptable deviation from it. In light of gaps in knowledge and data, 

alternative approaches can be used to provide interim values. Any of the approaches listed 

below involve to some degree expert judgement. Precautionary principle, risk-considerations 

and the legal requirement of non-deterioration (Art. 1 MSFD) are principle guiding and 

complementing any type of narrative.  

 

For D1C2 and D1C4 - marine mammals, for the calculation of the baseline a 

comparison between Known state in the past and Current state is proposed. 

Having in mind that the available data for all the area of Romania and Bulgaria are 

only based on the assessment done in 2013 and in 2019.  
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5.1.3. DEFINING REFERENCE CONDITIONS / BASELINES 

„Reference condition‟ describes the state of the environment (or a component) in which there 

is considered to be no, or very minor, disturbance from the pressures of human activities. For 

assessment purposes, it is often necessary to define a baseline against which current and 

future state is compared. Baselines are the potentially aggregated, quantified levels of a 

parameter at a given point (or period) in time over a selected area.  Reference condition is one 

type of baseline. From an assessment perspective, a baseline is a specified environmental state 

against which subsequent/other values of state, impact or pressure can be compared. The most 

appropriate type of baseline to use depends on the purpose (SWD, 2020). 

 

5.1.3.1 KNOWN STATE IN THE PAST 

Condition related to the first data points in a time series which are considered the least 

impacted state of the time-series. The first data point is not intended to represent unimpacted 

state, but simply when research of data recording on a particular feature began. 

 

Graph based on EU MSFD CIS Guidance Document No. 2, Common Understanding 2011 

It is a robust approach as it is based on a time series of scientific data which should indicate 

how the state of a feature has changed over the specific time. Robustness depends on quantity 

and quality of data. Knowledge how strong the impact was at the beginning of the time series 

is important to define threshold values in an adequate manner. The approach is 

comprehensible, but resulting threshold values run the risk of being based on an already 

significantly impacted scenario. Each time series needs expert evaluation to determine 

whether the first point (or some other point) in the time series is to be selected as the baseline 

point, taking into account the changes in associated pressures over the time period and other 

relevant factors. 

In July 2013, a combined aerial (one aircraft) and vessel-based (one boat) survey was 

performed in the western Black Sea including all waters under the jurisdiction of Bulgaria, 
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Romania and the waters of Ukraine located to the west of Crimea peninsula in the framework 

of a Project on the Studies for carrying out the Common Fisheries Policy: Adverse Fisheries 

Impacts on Cetacean Populations in the Black Sea, Task C: Implementation of cetacean 

surveys in the western Black Sea, with subsequent synoptic assessment of cetacean abundance 

and distribution, and identification of hot spots and critical habitats (Birkun, 2014). This 

survey, based on the advanced research methodology and international cooperation, was 

conducted simultaneously for all three cetacean species. The survey was designed in 

accordance with principles of distance/line transect sampling (Buckland et al. 1993; Thomas 

et al. 2010), as in the case of CeNoBS survey. The study area in whole was 121,330 km
2
, 

covered by 6,059 km of tracklines. 

The project was planned to cover the territorial waters and EEZs of Ukraine, Romania and 

Bulgaria (Fig. 5.1.3.1.1). It was implemented by MacAlister Elliott and Partners Ltd. under 

EC financial support through Directorate-General for Maritime Affairs and Fisheries of the 

European Commission.  

Beside the results of the actual survey, the consortium made a Review of available 

information on the density, abundance and distribution of Black Sea cetaceans, the 

review (Annex B1) presents the updated and critically analyzed information on the 

distribution, abundance and habitats of each Black Sea cetacean subspecies. These are 

presented briefly here and just in relation to D1C2 and D1C4. 

 

Fig. 5.1.3.1.1. Survey area of the Birkun and colleagues survey (2014). A- waters of the EEZs 

(by aircraft) and B – the territorial seas along with internal waters (by boat). 
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5.1.3.2. THE REGIONAL STATUS OF THE BLACK SEA SPECIES 

(BIRKUN ET AL., 2014) 

5.1.3.2.1. Black Sea harbour porpoise (Phocoena phocoena relicta, Abel 1905) 

The Black Sea harbour porpoise is recognized as endemic subspecies (P. p. relicta) with 

morphological and genetic differences from P. phocoena populations elsewhere in the world. 

Geographic range 

The subspecies‟ range includes the proper Black Sea, Azov Sea, Kerch Strait. The Black Sea 

population is completely isolated from the nearest P. phocoena population in the North-

EastAtlantic by a broad range discontinuity in the Mediterranean Sea, from the northern 

Aegean to the Strait of Gibraltar.  It is clear that harbour porpoises came to the Black Sea via 

the Mediterranean which, therefore, must have had its own population in the past. 

 

Fig. 5.1.3.2.1.1. Range of the Black Sea harbour porpoise, Phocoena phocoena relicta, 

(inset the North Aegean Sea) (Birkun and Frantzis, 2008). 

The range of the Black Sea subspecies includes territorial waters and exclusive economic 

zones of Bulgaria, Georgia, Romania, Russia, Turkey and Ukraine in the Black Sea; internal 

waters of Ukraine in the Black Sea; internal waters of Russia and Ukraine in the Azov Sea 

and Kerch Strait; internal waters of Turkey; Greek and Turkish waters in the northern Aegean 

Sea and, probably in its southern part.  Occasionally, harbour porpoises have been sighted in 

the Danube, Dnieper, South Boug, Don and Kuban rivers, their estuaries, deltas and 

tributaries, and coastal freshwater, brackish and saline lakes and lagoons. Most of these sites 

(except Varna lake and Ropotamo estuary, Bulgaria) are situated in Ukraine and Russia, on 

the northern and northwestern coasts of the Black Sea and round the Azov Sea. 

The population of P. p. relicta (Black Sea harbour purpoise) may consist of three or more 

subpopulations including those that spend much of the year in geographically and 

ecologically different areas. The Bosporus Straits, the Sea of Marmara and the Dardanelles 
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Straits serve as conduits between the Black and Aegean Seas. Water flow at the surface is into 

the Aegean, from the Black Sea. If porpoises were to leave the Black Sea, the conditions in 

the northern Aegean Sea would remain similar to those of the Black Sea. The period of 

greatest similarity would be February and March. 

Principal, secondary and occasional habitats 

Black Sea harbour porpoises live in the marine environment; on rare occasions they occur in 

estuarine and fluvial environments. They do not avoid waters with low salinity and high 

turbidity; they may occur in brackish bays and lagoons, and visit rivers and estuaries at warm 

times of the year. 

Principal habitat: Circumlittoral area over the continental shelf (usually more than 6 m but 

less than 200 m deep). 

Secondary habitats: Open sea (more than 200 m deep) and shallow sea (less than 6 m deep; 

includes sea bays and straits). 

Occasional habitats: Isolated instances are known of Black Sea harbour porpoises visiting 

estuaries of big rivers including their deltas, big rivers proper and their confluents, coastal 

brackish and saline lagoons, and freshwater lakes connected with the sea by rivers. 

Population  

The total population size is unknown. Past Black Sea region-wide estimates based on strip 

transect surveys carried out in the USSR and Turkey have been shown to be fundamentally 

flawed for a number of methodological and analytical reasons. Nevertheless, it was generally 

that during most of the 20th century, the abundance of harbour porpoises in the Black Sea was 

higher than that of bottlenose dolphins, and lower than that of common dolphins. Results of 

surveys suggest that present total population size is at least several thousands and possibly in 

the low tens of thousands. 

Population trend:  

↓   –   until 1983 (massive directed killing reduced the population) 

↓? –  1983–2006 and beyond (the population is probably still declining as incidental mortality 

 and habitat degradation worsen) 

 

5.1.3.2.2. Black Sea common dolphin (Delphinus delphis ponticus) 

The subspecies was proposed on the basis of morphological features, however, comparative 

analyses using skull morphometrics and microsatellite DNA loci suggested that differences do 

exist between Black Sea and Mediterranean common dolphins. 
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Geographic range  

The range of common dolphins (Delphinus delphis ponticus) (Fig. 5.1.3.2.2.1) encompasses 

almost the entire Black Sea, including territorial waters and exclusive economic zones of 

Bulgaria, Georgia, Romania, Russia, Turkey and Ukraine, and internal waters of Ukraine in 

Karkinitsky Bay. Common dolphins are well known also in the Bosphorus, Marmara Sea and 

Dardanelles. Common dolphins do not occur in the Azov Sea and normally avoid the Kerch 

Strait. 

(a)   

Fig. 5.1.3.2.2.1. Range of the Black Sea common dolphin, (Delphinus delphis ponticus).  

Red dot in the Kerch Strait indicates where a live stranding was recorded in August 

1994 (Birkun, 2008). 

Principal, secondary and occasional habitats 

Black Sea common dolphins inhabit exclusively the marine environment. 

Principal habitat:  Open sea (usually more than 200 m deep). 

Secondary habitat:  Circumlittoral area over the continental shelf (usually more than 6 m but 

less than 200 m deep). 

Occasional habitats:  Shallow sea (usually less than 6 m deep; includes sea bays and the 

Kerch strait). 

Population 

The population size is unknown.  Region-wide estimates based on strip transect surveys in the 

USSR and Turkey have been shown to be fundamentally flawed for a number of 

methodological and analytical reasons. Nevertheless, it is generally recognized that for almost 

the first two-thirds of the 20th century, the abundance of common dolphins in the Black Sea 

was far higher than that of bottlenose dolphins and harbour porpoises. The results of surveys 
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suggest that the current total population size is at least several 10,000s, and possibly 100,000 

or more. 

Population trend: 

↓   –   until 1983 (massive directed killing reduced the population) 

↓? –  1983–2006 and beyond (the population may be declining due to ongoing threats) 

 

5.1.3.2.3. Black Sea bottlenose dolphin (Tursiops truncatus ponticus, Barabasch-

Nikiforov, 1940) 

Bottlenose dolphins in the Black Sea are recognized as endemic subspecies possessing 

morphological differences from Atlantic and Pacific populations. The Black Sea population is 

also differentiated genetically from other bottlenose dolphin populations in the eastern and 

western Mediterranean and the North-East Atlantic. 

 Geographic range 

The range of Black Sea bottlenose dolphins (Tursiops truncatus ponticus) (Fig. 5.1.3.2.3.1) 

includes the Black Sea proper; Kerch Strait along with the adjoining part of the Azov Sea and, 

probably the Marmara Sea, Bosphorus and Dardanelles straits.  The genetic data suggest that 

the Turkish Strait System constitutes an ecological barrier between the Black Sea dolphins 

and those in the Mediterranean, although limited gene flow between the two seas is probable. 

 

Fig. 5.1.3.2.3.1. Range of the Black Sea bottlenose dolphin, (Tursiops truncatus ponticus). 

Red dots (direct observations) and query mark (eyewitness’s testimony) indicate 

locations of strandings on the Azov Seacoast (Birkun, 2008). 
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The range of the Black Sea subspecies includes the territorial waters and exclusive economic 

zones of Bulgaria, Georgia, Romania, Russia, Turkey and Ukraine in the Black Sea; internal 

waters of Ukraine in the Black Sea, internal waters of Russia and Ukraine in the Kerch Strait 

and Azov Sea; and internal waters of Turkey, including the Bosphorus Strait, Marmara Sea 

and Dardanelles. In Romania bottlenose dolphins are sighted most frequently in Gura Portitei 

area and in front of Techirghiol Lake. 

There are a few records of bottlenose dolphins entering rivers, e.g. the Danube in Romania 

and the Dnieper in Ukraine. 

Principal, secondary and occasional habitats 

Black Sea bottlenose dolphins live predominantly in the marine environment, although they 

may occur occasionally in estuarine and fluvial environments. 

Principal habitat: Circumlittoral area over the continental shelf (usually more than 6 m but 

less than 200 m deep). 

Secondary habitats: Open sea (usually more than 200 m deep) and shallow sea (usually less 

than 6 m deep; includes sea bays and straits). 

Occasional habitats:  A few instances of Black Sea bottlenose dolphins visiting big rivers are 

known. Sightings in some estuaries and coastal saline lagoons are not rare. Few stranded 

individuals were found on the Azov Sea shore. 

Population 

The total population size is unknown. During most of the 20th century, the bottlenose dolphin 

was considered the least abundant of the three cetacean species in the Black Sea. During the 

1990s, bottlenose dolphins became prevalent in coastal waters of the northern Black Sea 

where the sighting rate increased by a factor of five between 1995 and 1997-1998. 

There are some abundance estimates from line transect surveys in different parts of the range. 

These estimates suggest that present population size is at least several thousand but, 

presumably, not more than ~15,000. 

Population trend: 

↓   –   until 1983 (directed killing reduced the population) 

↑? –  1983–2005 (mortality event in 1990 and persistent anthropogenic threats could have    

 compromised recovery) 

?  –   2006–2012 and beyond 
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5.1.3.3. COMBINED RESULTS OF THE SURVEY PERFORMED IN 2013 

Cetacean related research when it comes to abundance and distribution estimates is having 

major gaps in Black Sea compared to any other sea or ocean world-wide. Due to the different 

methods used the results are not always compatible or even possible to be compared. That is 

why in the process of establishing a baseline in accordance with the MSFD guidelines the 

working group agreed on using for assessment the data of Birkun and coleagues (2014) study, 

with similar methodology as in the case of CeNoBS project (2019). In this, a snapshot of the 

data which were compared is presented below.  

 

5.1.3.3.1. For Romania, internal waters and EEZ. 

Table 5.1.3.3.1.1. Integral values estimated for cetaceans in the entire Romanian Black Sea 

including the internal waters, territorial sea and EEZ. 

Parameters  Phocoena 

phocoena 

relicta  Harbour 

porpoise 

Delphinus delphis 

ponticus , 

Common dolphin 

Tursiops truncatus 

ponticus, Bottlenose 

dolphin 

Area, km
2
  29074.0 

Observation effort (total 

length of transect lines), 

km  

1473.3 

Number of observed 

objects (single or groups 

of animals)  

154 55 59 

Estimate of expected value 

of group size  

1.339 1.881 1.932 

95% confidence Interval  1.255 – 1.429 1.548 – 2.285 1.606 – 2.324 

Mean group size 1.403 2.018 2.000 

95% confidence Interval 1.298 – 1.515 1.480 – 2.752 1.616 – 2.475 

Estimate of density of 

groups per 1 km
2
 

0.207 0.100 0.114 
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95% confidence Interval 0.081 – 0.527 0.047 – 0.211 0.062 – 0.211 

Estimate of density of 

animals (individuals/km
2
) 

0.277 0.187 0.221 

95% confidence Interval 0.109 – 0.707 0.087 – 0.403 0.117 – 0.416 

Estimate of number of 

animals in surveyed area 

8059 5447 6413 

   95% confidence Interval 3159 – 20563 2530 – 

11731.0 

3402 – 12091 

 

5.1.3.3.2. For Bulgaria, internal waters and EEZ 

Table 5.1.3.3.2.1. Integral values estimated for cetaceans in the entire Bulgarian Black Sea 

including the internal waters, territorial sea and EEZ. 

Parameters  Phocoena 

phocoena 

relicta  Harbour 

porpoise 

Delphinus delphis 

ponticus , Common 

dolphin 

Tursiops 

truncatus 

ponticus, 

Bottlenose 

dolphin 

Area, km
2 

 35235.0 

Observation effort (total 

length of transect lines), 

km  

1786.3 

Number of observed 

objects (single or groups 

of animals)  

111 154 90 

Estimate of expected value 

of group size  

1.269 2.036 1.928 

95% confidence Interval  1.173 – 1.374 1.796 – 2.307 1.683 – 2.209 

Mean group size 1.360 2.312 1.922 

95% confidence Interval 1.179 – 1.569 1.856 – 2.879 1.549 – 2.386 
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Estimate of density of 

groups per 1 km
2
 

0.191 0.429 0.146 

95% confidence Interval 0.124 – 0.294 0.245 – 0.751 0.086 – 0.250 

Estimate of density of 

animals (individuals/km
2
) 

0.242 0.872 0.282 

95% confidence Interval 0.156 – 0.376 0.492 – 1.546 0.163 – 0.489 

Estimate of number of 

animals in surveyed area 

8539 30737 9947 

   95% confidence Interval 5507 – 13240 17348 – 54461 5747 – 17215 

 

5.1.3.3.3. EU Black Sea region 

Table 5.1.3.3.3.1. Integral values estimated for cetaceans in the European Union`s Black Sea 

including the internal waters, territorial seas and EEZs of Bulgaria and Romania 

 

Parameters  Phocoena 

phocoena 

relicta  Harbour 

porpoise 

Delphinus 

delphis ponticus , 

Common dolphin 

Tursiops truncatus 

ponticus, Bottlenose 

dolphin 

Area, km2  64309.0 

Observation effort (total 

length of transect lines), km  

3259.6 

 

Number of observed objects 

(single or groups of animals)  

265 209 149 

Estimate of expected value of 

group size  

1.293 1.964 1.933 

95% confidence Interval  1.230 – 1.359 1.770 – 2.179 1.734 – 2.154 

Mean group size 1.385 2.234 1.953 

95% confidence Interval 1.286 – 1.491 1.863 – 2.681 1.675 – 2.277 
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Estimate of density of groups 

per 1 km2 

0.232 0.211 0.169 

95% confidence Interval 0.134 – 0.403 0.132 – 0.336 0.114 – 0.251 

Estimate of density of 

animals (individuals/km2) 

0.300 0.414 0.327 

95% confidence Interval 0.173 – 0.522 0.257 – 0.665 0.217 – 0.492 

Estimate of number of 

animals in surveyed area 

19306 26607 21012 

   95% confidence Interval 11093 – 33598 

 

16543 – 42793 13953 – 31642 

5.1.3.4. CURRENT STATE 

Baselines can be set as the date of inception of a particular environmental policy or the first 

assessment of state. This approach was used in the context of the Habitats Directive, where 

the date when the Directive came into force was used by many European countries as the 

baseline for favourable reference values. The intention of this baseline type is to prevent any 

further deterioration from the current state. 

 

Fig. 5.1.3.4.1. Graph based on EU MSFD CIS Guidance Document No. 2, Common 

Understanding 2011 

This approach is quick, practical and transparent, but not particularly scientifically robust and 

provides much less scope for recovery of systems. Such an approach is only appropriate 

where it is determined that GES has already been achieved and requires to be “maintained”. It 

is not appropriate where deterioration or degradation has already occurred as it may not meet 
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the overall aims of the MSFD. Current state can be used instead as a baseline for setting 

environmental targets (Art. 10 MSFD). 

5.1.3.4.1. General information of CeNoBS survey: 

The Black Sea is one of the most vulnerable regional seas and Romania and Bulgaria are the 

European Member States responsible for the implementation of the Marine Strategy 

Framework Directive (MSFD), in close collaboration with the other non-EU countries. The 

project is funded under the Call for proposals “Marine Strategy Framework Directive - 

Second Cycle: Implementation of the new GES Decision and Programmes of Measures”, and 

has a duration of 30 months, from January 2019 until June 2021. Within the project an 

Assessment of cetacean populations distribution and abundance at the regional scale was 

performed following, like in the case of Birkun et al., 2014, the line transect distance 

sampling method, which has been used for the survey. Cetaceans„ distribution and abundance 

have been assessed through a regional aerial survey aimed at collecting visual observations of 

cetaceans, following specific and shared protocols. This method is based on a statistical 

approach: data are collected by observers on board of aircrafts following specific transects 

designed to ensure an equal coverage and representation of the study area. The method is 

globally recognized as the best approach to assess density and abundance of cetacean species 

at large scale. In particular, several EU-countries implement this methodology as part of their 

cetacean MSFD monitoring programmes. During the implementation of CeNoBS project, 

only aerial platforms were used (two twin engine aircrafts). The aerial survey methodology 

offers the possibility of a large coverage in a short period of time and is the most precise and 

robust approach for estimating the abundance of some cetacean species. Additionally, a third 

plane was surveying the sixth block, dedicated to Russian waters within the EMBLAS-Plus.  

The data collection protocols and the survey design have been prepared by a Scientific 

Coordinator in close collaboration and consultation with scientists from Mare Nostrum, 

ACCOBAMS Secretariat and Green Balkans and the other project partners. The aerial survey 

has covered the waters of Romania, Bulgaria, Turkey, Ukraine and Georgia (territorial waters 

and exclusive economic zones) following predefined transect lines within different blocks. 

The survey design has been adjusted according to Flight Information Regions (FIRs) 

constraints, as this was precluding the possibility of flying in specific areas. Additional data 

from Russia were added to the results through the ACCOBAMS Survey Initiative. 

5.1.3.4.2. CeNoBS Survey design 

A total of 6 blocks were originally created, adding an EMBLAS-Plus block later on, but 

needed to be adjusted (Fig. 5.1.3.4.2.1.). The rationale for the blocks boundaries was the best 

compromise achieved between oceanographic zones, bathymetric characteristic and 

political/jurisdictional constraints. The first two are likely to have a marked effect on cetacean 

distributions. The design of the blocks was constantly updated as the survey was approaching, 

to take into consideration last minut issues related to permit issues and other logistical 

considerations, such as Flight Information Region (FIR) boundaries regulations, as this may 
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influence flight authorisations. The selected tracks for the CeNoBS project allowed a final 

coverage of 5% for all the areas (Table 5.1.3.4.2.1.). 

Tab. 5.1.3.4.2.1. The total number of kilometres covered per block on effort and off effort. 

Block Km on effort Km off effort Total Km 

Bulgaria 1115.53 159.59 1275.12 

Georgia 210.36 119.12 329.48 

Romania 816.32 548.44 1364.76 

Turkey1 2211.47 2095.2 4306.67 

Turkey2 2203.03 1405.1 3608.13 

Ukraine 767.39 735.7 1503.09 

Russia 2030.3 829.4 2859.7 

Total 9,354.40 5,892.55 15,246.95 
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Fig. 5.1.3.4.2.1. The tracks covered by the two planes (black=on effort; red=off effort). 

 

5.1.3.4.3. Data analysis 

The collected data were analyzed to estimate abundance, density and assess distribution of the 

different species. Data analysis was performed with the support of skilled experts, using both 

model-based and design-based frameworks. 
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5.2. THRESHOLD VALUES FOR D1C2  

D1C2 the population abundance of the species is not adversely affected due to anthropogenic 

pressures, such that its long-term viability is ensured – it is impossible to say if the changes 

are due to natural or anthropogenic  

This criterion focuses on population abundance estimates for those marine mammal species 

within the Black Sea.  

Population abundance refers to the total number of individuals of selected species in a 

specified area in a given timeframe, to inform about the growth or decline of a population. 

The systematic monitoring of the abundance and distribution of wild species constitutes a 

crucial element of any conservation strategy, but it is often neglected in many regions, 

including much of the Black Sea. Population trends can be caused by both man-made 

pressures, as well as natural fluctuations and environmental dynamics and climate changes. 

Hence, species abundance should be systematically monitored at regular intervals to inform 

effective conservation or review the efficacy of measures already in place. 

Three species of cetaceans are considered to regularly occur in the Black Sea area: common 

dolphin (Delphinus delphis), bottlenose dolphin (Tursiops truncatus), harbour porpoise 

(Phocoena phocoena). 

Knowledge about the distribution, abundance and habitat use and preferences of these species, 

is in part scant and limited to specific sectors of the Black Sea, due to the uneven distribution 

of research effort during the last decades. In particular, offshore waters of all countries, 

especially the central part of the sea, waters >1000 m deep, are amongst the areas with the 

most limited knowledge on cetacean presence, occurrence and distribution. Just in the case of 

Ukraine, Romania and Bulgaria in 2013 another survey was performed and covered both 

coastal and offshore shelf waters of the western Black Sea (Birkun et al., 2014). 

The conservation status of cetaceans in the Black Sea has been a source of concern for many 

years. Marine mammals living in the Black Sea find themselves in precarious conditions due 

to the intense human pressureand activities in the region; these are the source of a variety of 

pressures that are threatening these species‟ survival. These animals are highly mobile and are 

usually not confined within single nations‟ jurisdictions, stressing the need for basin-wide 

conservation and protection effort. Several threats affect marine mammals in the Black Sea 

and their effect on the population, distributional range and survival may act in a synergistic 

manner. Threats include interaction with fisheries, disturbance, habitat loss and degradation, 

epizootic outbreaks, chemical pollution, anthropogenic noise, boat strikes, direct killings and 

climate change. 



 

D2.2.2. Detailed Report on cetacean populations distribution and abundance in the Black Sea,  

including proposal for threshold values              85 | P a g e  

 

The geographical distribution of marine mammals in the Black Sea is affected by several 

factors, which should all be taken into consideration when monitoring these species. Ocean 

currents, abundance of food, sea temperature, morphology of the coastline, seabed 

topography, as well as human activities, seem to interact and influence which areas are 

preferred habitats for cetaceans and seals (historically). Certain habitats have a particular key 

value in the life cycles of different species, in that they are used as foraging grounds due to 

prey abundance, for breeding or as migration corridors between areas. 

This criterion is aimed at providing information about the abundance of cetacean‟s 

population. It is intended to determine the abundance and density of cetacean species that are 

present in Black Sea waters. 

The rationale behind the organisation of systematic surveys is that the knowledge of baseline 

information, such as abundance and density, is fundamental to address many questions of 

ecological importance and for the implementation of conservation measures. This is 

particularly true for the Black Sea, in light of the fact that most of the cetacean populations 

occurring in the area are threatened by human activities and their conservation status requires 

effective protection actions. 

Line transect surveys (both aerial and ship-based) have proved to be particularly effective in 

estimating the abundance and density of many marine mammal species, and to provide robust 

data with low CVs and narrow CIs. Distance Sampling comprises a family of methods to 

estimate natural populations‟ parameters, the use of which is widespread and applied to 

various animal and plant taxa. The principle of this method is to search for objects 

(individuals or groups) along pre-defined fixed routes (transects). The result is a density value 

for the objects, calculated by the ratio between the area surveyed and the number of 

observations made. Data are elaborated through dedicated software (Distance 7.3). 

The use of Geographical Information Systems (GIS) is required for the compilation of the 

monitoring data collected and the elaboration of the predictions of species density and 

abundance. 

Information on density and abundance of marine mammals may be obtained through 

dedicated ship and aerial surveys, acoustic surveys, platform of opportunities (e.g., whale 

watching operators, ferries, cruise ships, military ships), as well as mark-recapture 

methodologies. 

Estimates of density and abundance are particularly „data-hungry‟ and a minimum of 40-60 

sightings for each species should be available to maintain low Coefficients of Variation (CVs) 

and narrow Confidence Intervals (CIs). This may be easy to achieve with some cetacean 

species and areas, while may be very hard to achieve for others. It is important to consider the 

high mobility of cetaceans and the driving forces (mainly prey availability) which affect their 
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distribution. In case of trends over time, appropriate statistical tools and analytical framework, 

such as density prediction modelling and power analysis, should be applied.  

Aerial surveys proved to be a very cost-effective methodology to collect significant data, to 

obtain robust abundance and density estimates for cetaceans and other large marine 

vertebrates, and to provide preliminary evidence of population trends over time. 

Several protocols are available using different monitoring platforms and approaches such as: 

● dedicated ships or aerial surveys,  

● beached and stranded specimens monitoring,  

● opportunistic data,  

● tagging (capture-mark-recapture – artificial tags & photo-identification),  

● passive acoustic data collection, 

● automatic infrared cameras. 

Most of the species selected as indicator species in relation to this common criterion are 

migratory species, whose range extends over wide areas in the Black Sea. It is therefore 

recommended to consider monitoring these species at regional or sub-regional scales for the 

assessment of their population abundance. 

Estimates of density of abundance relate to a specific time and area, and may vary on annual, 

or seasonal basis. Ideally, seasonal monitoring programmes should be conducted, although 

winter and summer campaigns should provide enough information. Temporal scale is largely 

affected by the conservation questions and expected outputs. International regulation suggests 

a six-years interval between large scale monitoring programmes, but smaller intervals are 

recommended. Long-term projects provide robust indications on trends over time and space in 

selected areas with important complementarity by photo-identification programmes. 

Values of density and abundance of cetaceans and other large marine vertebrates can be 

estimated using design-based and model-based methodologies. Both methods present very 

similar and comparable results. Power analysis for detecting trends in density or abundance 

should be also applied. 

Demographic characteristics of a given population may be used to assess its conservation 

status by analysing demographic parameters as the age structure, age at sexual maturity, sex 

ratio and rates of birth (fecundity) and of death (mortality). These data are particularly 

difficult to obtain for marine mammals, thus relying on demographic models, which imply 

several assumptions which may be violated. 

The populations of long-lived and slow reproducing cetaceans are among the most critical 

conservation units; a demographic approach can be therefore very useful for their 

management and conservation. 
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Monitoring effort should be directed to collect long-term data series covering the various life 

stages of the selected species. This would involve the participation of several teams using 

standard methodologies and covering sites of particular importance for the key life stages of 

the target species. 

The preliminary classical tools for demographic analyses are life tables, accounting for the 

birth rates and probabilities of death for each vital stage or age class in the population. A life 

table can be set out in different ways:  

1. following an initial age class (i.e. cohort) from birth to the death of the last individual; 

this approach allows to set out a cohort life table and is generally applied on sessile and short-

lived populations;  

2. counting population individuals grouped by age or by stages in a given time period; 

this approach allows to obtain a static life table, that is appropriate with long-lived or mobile 

species;  

3. analysing the age or stage distribution of individuals at death; this approach allows to 

develop a mortality table, using carcasses from stranding data. 

The monitoring effort to address this Criterion is expected to provide data allowing the 

assessment at regional or sub-regional scales of the selected species. The main outputs of the 

monitoring will be data about: 

- Age structure 

- Sex ratio 

- Fecundity 

- Mortality 

Photo-identification is one of the most powerful techniques to investigate cetacean 

populations. Information on group composition, area distribution, inter-individual behaviour 

and short and long-term movement patterns can be obtained by the recognition of individual 

animals. Long-term datasets on photo-identified individuals can provide information on basic 

life-history traits, such as age at sexual maturity, calving interval, reproductive and total life 

span. The mark-recapture technique can also be applied to obtain estimates of population size.  

Age, sex and body length at death may come from stranded and bycaught animals. This 

information may be uneven, since in many cases sex and exact size measurements may be 

unprecise due animal decomposition. Collecting and archiving samples (teeth) for age 

identification from all the carcasses recovered ashore and in fisheries interactions is crucial 

for reconstructing age structure, population demography and specific bycatch mortality. 

Sampling pelvic bones and genetic samples provides reliable sex estimates by expert in lab 

conditions. Therefore, each program of stranding monitoring should consider sampling of 

teeth, pelvic bones and tissue for genetic analysis. 



 

D2.2.2. Detailed Report on cetacean populations distribution and abundance in the Black Sea,  

including proposal for threshold values              88 | P a g e  

 

Dealing with stranded data implies several assumptions; the main one being that stranding 

data represent a faithful description of the real mortality by different life stages. This 

assumption, however, is true only if the probability of stranding is equal in all life stages. 

Monitoring effort is important in getting enough data samples. Optimal sample sizes for 

estimating life history parameters usually exceed 100 specimens of each species. 

Estimating age and length from free-ranging individuals may be rather difficult and increase 

the uncertainties in the models. Long-term data sets on known individuals through photo-

identification may overcome some of the biases. 

Demographic studies on marine mammals, which are long-living species require long-term 

projects, to allow robust indications on trends in population size and demographic parameters 

over time. 

Simple demographic models based on the pre-defined life-tables can be used to create a 

complete mortality table for the population under examination. Continuous age distribution 

and constant mortality rates within each stage, under the assumption of population stationarity 

(i.e., the population is assumed to be constant in number and age structure over time) can be 

used. Also, more complex models can be helpful or necessary: e.g., Bayesian inference is 

desirable to use for incomplete data (small sample sizes). 

Demographic studies can supply useful tools to the management and the conservation of 

threatened and overexploited species. Population models, based on life-history tables and 

transition matrices, allow to assess population performance, to project population trends 

overtime and thus to foster the conservation of the studied populations, suggesting specific 

measures for their protection. 

 

5.3. THRESHOLD VALUES FOR D1C4  

D1C4 the species distributional range and, where relevant, pattern is in line with prevailing 

physiographic, geographic and climatic conditions. 

Current spatial distributional range of marine mammals in the Black Sea is largely affected by 

available data, due to the uneven distribution of research effort during the last decades. In 

particular, offshore deep waters are amongst the areas with the most limited knowledge on 

cetacean presence, occurrence and distribution. Priority should be given to the less known 

areas, less studied seasons, using online data sources, such as Obis SeaMap or EMODNET 

and published data and reports as sources of information. 

Differences and shifts in distribution may reflect changes in the occurrence of suitable 

habitats, availability of food resources, selective pressures from human-related activities, as 

well as climate change and related changes in seasonality and migrations. With increasing 
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concern about species conservation, quantitative descriptions of species‟ range structure and 

extent of geographical distribution - both for single species or groups of species - together 

with detailed information on the location of breeding/feeding/migration areas, can provide 

crucial information for management purposes. 

This criterion is aimed at providing information about the geographical area in which marine 

mammal species occur. It is intended to determine the species range of cetaceans that are 

present in Black Sea waters. 

The range of a given species is commonly represented by a distribution map. The main 

outputs of the monitoring under this common Criterion will be therefore maps of species 

presence, distribution and occurrence. 

The use of Geographical Information Systems (GIS) is required for the compilation of the 

monitoring data collected and the elaboration of the species distributional range maps. 

Information on distribution of marine mammals may be obtained through dedicated ship and 

aerial surveys, acoustic surveys and passive acoustic monitoring stations, platform of 

opportunities (e.g., whale watching operators, ferries, cruise ships, military ships), collecting 

citizen science data. 

Distribution maps are generally qualitative. It is important to consider the high mobility, 

seasonal migrations of cetaceans and the driving forces (mainly prey availability) which affect 

their distribution. In case of trends in distribution over time, appropriate statistical tools and 

analytical framework, such as habitat prediction modelling, should be applied. As an example, 

standard regression methods (simple linear regression, generalized linear or additive models, 

etc.) provide estimates of uncertainty (standard errors and confidence intervals of estimated 

trends). Such uncertainty estimates should accompany all reported trends. 

 

5.4. PROPOSALS OR INTERPRETATION OF TVS  

Considering the general maps based on the CeNoBS aerial survey, a concentration of harbour 

porpoise in the western part and common dolphins in the south has been observed. 

It still needs to be determined, with further surveys and correlations, if this is a singular 

situation, that coincides with the timing of the aerial survey (June/July 2019), or it is a trend 

of both populations to change areas due to other factors. In the second case, further definition 

of distribution is recommended.  

Most of the species selected as indicator species in relation to this common criterion are 

migratory species, whose range extends over wide areas in the Black Sea. It is therefore 

recommended to consider monitoring these species at regional or sub-regional scales for the 

assessment of their population abundance. 
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Estimates of density and abundance relate to a specific time and area may vary on annual, or 

seasonal basis. Ideally, seasonal monitoring programmes should be conducted, although 

winter and summer campaigns should provide enough information. Temporal scale is largely 

affected by the conservation questions and expected outputs. International regulation suggests 

a six-years interval between large scale monitoring programmes, but smaller intervals are 

recommended. Long-term projects provide robust indications on trends over time and space in 

selected areas and are important for photo-identification programmes. 

Values of density and abundance of cetaceans and other large marine vertebrates can be 

estimated using design-based and model-based methodologies. Both methods present very 

similar and comparable results. Power analysis for detecting trends in density or abundance 

should be also applied. 

Also, we propose to check the densities recorded in the last years‟ survey efforts and second 

to search for abnormalities in cetacean movement. 

Looking at the prediction maps of the 2019 survey, a rather strange distribution of the animals 

in the Black Sea appears, which could be one of the reasons to explain the different 

abundance estimates, in comparison with the 2013 data.  

 

5.4.1 COMMON DOLPHINS- DELPHINUS DELPHIS PONTICUS 

According to the results of these aerial surveys, Black Sea common dolphins are quite 

abundant in the southern part of the Black Sea, along the transects off the coasts of Turkey, 

and Bulgaria. They seem to be rather scarce in the north-western part, as only few sightings 

have been reported from the Ukrainian waters and Romanian waters. The number of sightings 

increases with a gradient from North to South in the western part of the Black Sea, with a 

higher number of sightings starting from the border between Romania and Bulgaria (Fig. 

5.4.1.1). 
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Fig. 5.4.1.1. Predicted groups size /100km
2
 of common dolphin and modelled distribution 

5.4.2. BOTTLENOSE DOLPHINS - TURSIOPS TRUNCATUS PONTICUS 

Black Sea bottlenose dolphins present a rather uneven distribution pattern throughout the 

study areas, with an even distribution in Ukraine, Romania and Bulgaria (Fig. 5.4.2.1). In 

these countries they showed marked preference for shallower and coastal waters, as expected 

for this species. Along the coast of Turkey, this species has been observed in coastal areas in 

the western part, while no sighting occurred east of longitude 34° E, including the waters of 

Georgia. Numbers of sightings in the CeNoBS area were lower if compared with the other 

Black Sea cetacean species, with sightings characterised by shallow depths. The shallow 

depth preference generally concurs with some historical evidence (Kleinenberg, 1956). There 

are data available from earlier surveys in Georgian waters: abundance of bottlenose dolphins 

was found to be low, 100 to 150 individuals, and they were unevenly distributed (Kopaliani et 

al., 2015) This well explains absence of finding during the CeNoBS surveys. 

Georgian specialists reported bottlenose dolphin sightings in summer too, so again probably 

density is very low and availability bias could occur. Turkish surveys from 1980s also 

reported 0 sightings in Eastern part. That high density in Russia suggests there could be also 

high density in waters that were not covered by the survey. 
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Fig. 

5.4.2.1. Predicted groups size /100km
2
 of bottlenose dolphin and modelled distribution 

5.4.3. HARBOUR PORPOISES - PHOCOENA PHOCOENA RELICTA 

Black Sea harbour porpoises were the most observed cetacean species during the CeNoBS 

survey and by contrast were the least observed cetacean during the ASI/Emblas-Plus survey. 

Sightings of harbour porpoises peaked in Bulgarian waters, where the highest number of 

sightings was recorded. Sightings frequency then decreased as the transects moved towards 

the north and the south-eastern section of the Black Sea. Lesser sightings were recorded 

towards the eastern part of the study area, off Turkey and in Georgia. Similarly, the number of 

sightings decreased towards Ukraine, even if some sightings occurred in the northern part of 

the Ukrainian study area, in relatively shallow waters. 

 

 

 

 

 

 

 

 

Fig. 5.4.3.1. Predicted groups size /100km
2
 of harbour porpoise and modelled distribution 
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5. RECOMMENDATION FOR FURHER CETACEAN ASSESSMENT AND DEFINITION OF 

BASELINE AND THRESHOLD VALUES 

1. Adoption of harmonized monitoring protocols, methodologies and analysis methods is 

crucial for future coordinated regional assessment of marine mammals‟ descriptors in 

the Black Sea  

2. For further development, better support and re-assessment of the proposed baseline, 

threshold value of criteria, continuous monitoring efforts and integrated analysis is 

needed. It is recommended to implement a second stage of the CeNoBS project, that 

will add more data and will support the re-assessment of the baseline.  

3. Annual monitoring programme should include at least seasonal data collection, a wide 

variety of monitoring methods, common data bases and data availability among 

countries. 

4. Perform coordinated surveys between all riparian countries, to establish the trend of 

harbour porpoise and common dolphin distributional range. Considering the general 

maps resulted based on the CeNoBS aerial survey, a concentration of harbour porpoise 

in the Western part and common dolphins in the South has been observed. It still 

needs to be determined, with further surveys and correlations, if this is a singular 

situation (completely different from past assessments), that coincides with the timing 

of the aerial survey (July 2019), or it is a trend of both populations to change areas due 

to other factors.  

5. The general recommendation is to lunch a seasonal monitoring effort in the frame of 

MSFD for better refine, update and establish the trends of the three species inhabiting 

the Black Sea. If data are lacking the precautionary principle should be applied in 

setting limits.  
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