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1. Brief introduction 
 
The coastal waters of Greece still harbour a remarkable diversity of cetacean fauna 
compared to other parts of the Mediterranean. Yet, this richness is decreasing due to 
degradation of the marine environment. Research and conservation activities 
conducted, since 1991, by Tethys Research Institute (hereafter Tethys) in close 
cooperation with SPA/RAC, in the coastal waters of Western Greece within the frame 
of the Ionian Dolphin Project with the support of SPA/RAC, aim at identifying 
measures to slow-down, halt or reverse such trends. 
 
In 2001 Tethys started a study in the semi-closed waters of the Gulf of Ambracia 
(also known by its Greek name of the “Amvrakikos” Gulf), where the common 
bottlenose dolphin Tursiops truncatus (Figure 1), hereafter referred to as bottlenose 
dolphin, is the only cetacean species encountered. In the Mediterranean Sea this is 
the most common cetacean over the continental shelf, where its distribution appears 
to be scattered and fragmented into small units. Identifying those population units 
and assessing their boundaries is crucial to implement effective conservation 
measures to protect small resident populations and ensure the survival of this 
species across its range. 
 

 
Figure 1: Common bottlenose dolphins photographed in the Gulf of Ambracia showing the 
characteristic morphology of the species. Bottom-right image shows an adult bottlenose 
severely affected by a skin condition firstly reported by Gonzalvo et al. (2015). Photos by 
J.Gonzalvo/Tethys Research Institute. 



 

Cetaceans living in coastal areas, and particularly in semi-closed inshore habitats, 
such as the Gulf of Ambracia, are exposed to risks from a variety of anthropogenic 
sources and are especially vulnerable because they often have restricted geographic 
ranges, disjoined distributions and limited movements. In this increasingly degraded 
Gulf, where bottlenose dolphins are found at an average density of 0.37 animals km2, 
one of the highest observed densities in the Mediterranean for this species (Bearzi et 
al., 2008a), dolphins may be suffering significant physiological stress caused by 
anthropogenic activities (Gonzalvo et al., 2015). Research on dolphin abundance, 
population trends, site fidelity, as well as conservation activities (i.e., education and 
public awareness initiatives) are presented here, to document how the local dolphin 
community interacts with its environment and how human activities may influence 
its conservation status. 
 
 
2. Methodologies used for the collection and analysis of the data  
 
The Gulf of Ambracia is a shallow, semi-closed embayment of 405 km2 whose only 
communication with the open Ionian Sea is through the Preveza Channel, a narrow 
(minimum width of 370m) and shallow (2–12 m) 3 km-long corridor (Figure 2). On 
average, the depth of the Gulf is approximately 30 m (maximum 60 m), and its 
bottom consists mostly of mud or sand. It is characterized by abundant wildlife and, 
in addition to providing a key habitat for bottlenose dolphins, it is an important 
foraging ground for loggerhead sea turtles Caretta caretta and a breeding site for 
Dalmatian pelicans Pelecanus crispus. Its northern side, a complex ecosystem, is 
composed of a double delta from the rivers Arachthos and Louros and their 
associated marshes and lagoons are of particular importance for bird diversity. 
 

 
Figure 2: Map of the Gulf of Ambracia. 

 



 

After the initial years of irregular research effort, since 2016, boat surveys have been 
conducted on predefined routes designed to guarantee monthly uniform effort 
coverage of the whole Gulf of Ambracia. Survey conditions were considered as 
“positive” under daylight and good visibility, sea state ≤3 Beaufort (large wavelets, 
crests beginning to break and scattered whitecaps) and with, at least, two observers 
scanning the sea surface looking for dolphins. When spotted, dolphin groups were 
approached at low speed, progressively converging with their routes and avoiding 
sudden changes of speed and directionality to minimize potential disturbance. 
 
During each dolphin sighting, photo-identification effort was conducted to obtain as 
many good images as possible of every individual present throughout the duration of 
the observation, using digital SLR cameras equipped with a zoom lens, avoiding bias 
toward any particular individuals. Photo-identification was consistently based on 
long-term natural marks such as notches and nicks in the dolphins’ dorsal fins as 
well as on any additional marks in other body parts (Franzosini at al., 2013). 
Identifications were used to construct individual sighting histories. In most cases, 
calves were recognized in the field primarily based on their regular association with 
an identifiable adult dolphin (i.e. mother). This non-invasive method was used to 
provide information on site fidelity (i.e. how often individual animals use the Gulf) 
and by applying mark-recapture techniques, dolphin abundance was estimated and 
look at possible population trends between 2006 and 2015. 
 
 
3. Results of the Indicator Assessment  
 
Across 10 years of research in the Gulf of Ambracia, with 74 months spent in the 
field and a total of 770 daily surveys, more than 13,000 km of survey effort were 
covered under positive conditions, resulting in 631 bottlenose dolphin sightings, a 
total of 185 dolphins identified and almost a thousand hours spent with dolphins. 
Throughout 2006 and 2007 monthly surveys were also conducted in the 
neighbouring open waters of the Ionian Sea to look for bottlenose dolphins in the 
vicinities of the mouth of the Gulf, where a total of 667 km of survey effort under 
favourable conditions produced only one sighting in which 15 bottlenose dolphins 
were photo-identified; none of them were ever found inside the Gulf prior to or after 
that.  
 
The rate at which new individuals were photo-identified during the 10-year study 
period is shown in Figure 3. This discovery curve rose sharply in 2006, coinciding 
with the start of the photo-identification work, and then increased more slowly 
followed by an asymptotic pattern from 2007 onwards. The progressive flattening of 
the discovery curve and the high site-fidelity shown by the dolphins (Figure 4) 
indicate that the population was effectively geographically closed (i.e. confined to 
the Gulf of Ambracia) during sampling seasons across the study period. 
 
The population estimates over the 10-year study mostly fell between 130 and 170 
with CVs (coefficients of variation) averaging about 10%. We are therefore confident 
that the true size of the population lies within this range. Our most recent estimate 
based on photographic mark-recapture resulted in 134 animals (CV = 0.11) residing 
in the Gulf in 2015. The estimated trend in population size over the 10 years indicated 
a decline of 1.6% per year; nevertheless, this was not considered to be statistically 
significant. These dolphin numbers are particularly relevant if we bear in mind that a 
population size estimated to number fewer than 250 mature individuals can be 



 

classified as Endangered under criterion D (IUCN, 2012) and our most robust 
estimates of the total number of bottlenose dolphins in the Gulf of Ambracia never 
exceeded 170 individuals. 
 
 

 
Figure 3: Discovery curves, taking into account the degree of 
distinctiveness (from D1-highly marked to D4-poorly marked), for 
individually identified bottlenose dolphins across 2006-2015 in the 
Gulf of Ambracia. 

 
Before appropriate conservation and management actions for threatened species 
and their habitats can be developed, it is necessary not only to obtain information on 
trends in abundance and status, but also to identify anthropogenic factors 
responsible for their decline and degradation. In this regard, fishermen’s ecological 
knowledge, accumulated over the course of their fishing careers, can be invaluable 
and significantly help marine researchers and resource managers by providing 
information critical for improving management of fish stocks and rebuild marine 
ecosystems. In the Gulf of Ambracia, the local active fishing fleet totals about 360 
boats and is composed exclusively of small-scale fishing boats working primarily 
with set nets (i.e., trammel and gill nets), targeting mainly small pelagic/epipelagic 
fish (i.e., sardines) and shrimp. The activities and interactions of this fishing fleet 
with dolphins have also been the subject of our studies. In recent years, research 
work was complemented by numerous local public awareness and educational 
initiatives, which led to the establishment of a relationship of trust between the 
research team and the local community and, particularly, with fishermen. This 
prompted, in summer 2011, to interview 50 fishermen of the Gulf of Ambracia to gain 
their insights into past abundance of fish and changes in ecosystem status and 
quality, dolphin–fisheries interactions as well as dolphin population trends and 
status, and to ask them about the main management measures needed in the Gulf. 
This initiative also helped to increase the marine conservation awareness of 



 

fishermen by inviting them to reflect on issues that traditionally have been largely 
ignored by their community, and to gain their collaboration and support promoting 
adequate ecosystem-based management measures for the conservation of this 
increasingly fragile coastal ecosystem.  
 

 
Figure 4: Residency pattern of marked (i.e., D1+D2) individuals in the 
Gulf of Ambracia. Grey cells indicate presence documented through 
digital photo-identification. Months included in the mark-recapture 
model are shown with white letters on black background. 

Our interviews confirmed that local fishermen unanimously believed that fish stocks 
have declined significantly during the last two decades. However, they did not have a 
clear opinion about dolphin population trends. Despite most fishermen reporting that 
dolphins caused them significant economic loss through net and fish damage, they 



 

described dolphins as ‘special’ animals and defined them as intelligent and beautiful. 
This was a considerable change in the attitude of these fishermen, who in the early 
years, when work started in this area, were suspicious, and claimed that dolphins had 
to be killed. It is noteworthy that not so long ago, until the early 1970s these 
fishermen would be rewarded by the Greek Government for each dolphin killed; a 
strategy shared by other Mediterranean countries at that time. Fortunately, public 
opinion has changed from one of no apparent concern for dolphin suffering and 
death, to genuine sadness and compassion. Moreover, the intentional killing of 
dolphins by fishermen as a form of retaliation or culling was never reported; however, 
almost half of the respondents were aware of the incidental capture of dolphins, 
primarily in trammel and gill nets. 
 
Fishermen of the Gulf of Ambracia advocated the introduction of measures to curtail 
habitat degradation as a top management priority. It is well known that due to the 
isolated character of the Gulf of Ambracia, its water quality is strongly influenced by 
man-made processes; input of organic matter and pollutants comes from various 
sources, with the rivers Louros and Arachthos as the main pathways bringing 
agricultural runoff. Fish farms, agriculture, livestock and discharges of domestic 
sewage from coastal towns and villages contribute to the nutrient enrichment of the 
Ambracian waters, which are rather murky and highly eutrophic, leading to bottom 
anoxia (oxygen depletion); a phenomenon especially acute in the Eastern side of the 
Gulf. Failure to take action in a timely manner may lead to irreversible environmental 
damage coupled with the need for harsher regulatory measures. 
 
The conservation status of dolphins reflects ecosystem changes and degradation 
over time. In fact, the increasingly degraded conditions of the Gulf of Ambracia may 
be influencing the dolphin’s epidermal integrity or causing them physiological stress, 
as suggested by the prevalence of different skin conditions in this dolphin population 
observed during the processing of hundreds of images derived from our extensive 
photo-identification efforts (Gonzalvo et al., 2015).  
 
Since 2004, in addition to the work mentioned above with local fishermen, numerous 
educational and public awareness initiatives have been conducted, which have so far 
reached a total audience of almost 4,000 people with lectures at local schools and 
presentations open to the general public, to inform the local community about the 
work done by Tethys in the area and to raise awareness about dolphins and marine 
conservation.  
 
 
4. Lessons learnt and/or recommendations  
 
This long-term monitoring co-financed by SPA/RAC indicate that bottlenose dolphins 
density in the Gulf Ambracia is among the highest recorded anywhere in the 
Mediterranean Sea, even if this species is reported abundant throughout the 
Mediterranean coastal waters.  This viability in the Gulf of Ambracia may be at risk 
due to their likely reproductive isolation, small population size and small extent of 
occurrence, as well as acute and growing anthropogenic impacts in their semi-closed 
shallow habitat. Management of human pressures is an obvious way of reducing 
such a risk, consistent with national and regional commitments to protect this 
coastal area and cetaceans generally. These charismatic cetaceans may be used to 
trigger and sustain protection of the marine environment; as flagship species they 



 

can play a crucial role in raising public awareness, to convey a clear conservation 
message and to gain the collaboration of stakeholders.  
 
The natural beauty and potential for ecotourism activities in the Gulf of Ambracia, 
together with an already well-developed and fully operational tourism industry in the 
adjacent areas of the Ionian Sea, pose a favourable scenario for developing 
complementary activities that may help local fishermen. Both the fishing community 
of the Gulf and visitors have shown great interest in the possibility of developing 
fishing tourism (i.e. hosting people – which are not boat crew – in professional 
fishing boats for recreation, demonstration of fishing methods, and provision of 
tourism services linked to fishing). Such an activity, if properly managed, could be a 
significant tool for the harmonious coexistence between fishermen and the natural 
environment through the emergence and protection of the natural, historical, cultural 
and traditional values of the region. 
 
In 2008, the Gulf of Ambracia was designated as a ‘National Park’ in accordance with 
Greek national legislation (11989/08 KYA). In addition, the northern side of the Gulf, 
characterized by its marshes and lagoons offering an important nesting area for a 
large diversity of birds, is included in Natura 2000 and Ramsar sites and is protected 
by national, European, and international legislation. These different recognitions are 
in progress to be translated into direct action to ensure the conservation of locally 
abundant marine megafauna (i.e., bottlenose dolphins and sea turtles).  
 
In light of this long-term monitoring of the Common Indicator 4, a proposal of 
extension of the coverage of the existing Natura 2000 Area of the Gulf of Ambracia 
(to include the totality of the Gulf) was announced in June 2016 to the Greek Ministry 
of Environment, Energy and Climate Change. 
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Common Indicator 3: Species distributional range 
 
Case Study title: Cuvier’s Beaked whale, Ziphius cavirostris, distribution and 
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1. Brief introduction 
 
The Cuvier’s beaked whale (Ziphius cavirostris) is considered among the eight 
cetacean species occurring in the Mediterranean sea. Its presence is confirmed for 
the whole Mediterranean basin, particularly in the Alborán Sea, Ligurian Sea, central 
Tyrrhenian Sea, South Adriatic Sea and the Hellenic Trench (Podestà et al., 2016). 
This typical cetacean of the pelagic deep slope habitat is particularly associated with 
special topographic features as submarine canyons. Sightings of this deep-diver 
species in the Mediterranean area was mainly inferred by using stranding data 
(Podestà et al., 2006, 2016) since its elusive behaviour, with short surfacing and quite 
inconsistent blows, makes this species very difficult to study at sea (Heyning, 1989). 
 
A high degree of genetic differentiation was observed between Atlantic Cuvier’s 
beaked whales and the Mediterranean population (Dalebout et al., 2005). Haplotype 
diversity was lower in the Mediterranean Sea than in the North Atlantic, suggesting 
that this population may be isolated and relatively small and it should be considered 
as a separate Evolutionarily Significant Unit, distinct from other populations. This 
beaked whale Mediterranean sub-population is classified as “Data Deficient” 
(Canadas, 2012) by the International Union for the Conservation of Nature (IUCN) 
Red List and a proposal to change the current listing to “Vulnerable” or “Threatened” 
is currently under review. The change of classification is prompted by the multiple 
mass stranding of Cuvier’s beaked whales which occurred in the Mediterranean 
basin during recent decades, causing the death of at least 100 animals, related to 
seismic surveys and naval exercises using mid-frequency active (MFA) sonar 
(Frantzis, 1998, 2015; Podestà et al., 2006, 2016). 
 
In order to gather information about distribution, habitat preferences and population 
size of Cuvier’s beaked whale in the Pelagos sanctuary (NW Mediterranean Sea), 
CIMA Research Foundation started a long-term initiative to assess the distribution of 
this species through the Ziphius Project. The monitoring began from 2004 with the 
aim to collect data on the species using different types platforms increasing the 
temporal and spatial coverage thanks to many collaborations with Italian institutions 
as the University of Genova (2004-2009), the whale watching company BluWest 
(2004-2007), WWF Liguria (2005-2006), and also ongoing cooperation with Golfo 
Paradiso snc (since 2011), Consorzio Liguria ViaMare (since 2011) and Corsica 
Ferries (since 2008). 
 
The present case of study analyzes the Cuvier’s beaked whale dataset over 10 years 
(2005-2014) in order to assess the status of the Common Indicator 3 “Species 
Distribution Range” of the “Ecological Objectives” (EO) 1 “Biodiversity” in the 
framework of the implementation of the ecosystem approach roadmap, particularly 
the IMAP. 

http://www.cimafoundation.org/


 

2. Methodologies used for the collection and analysis of the data 
 
CIMA Research Foundation committed itself to monitor and assess this deep diver 
species distributional range since 2004. Dedicated sea surveys were carried out in 
the Pelagos Sanctuary in the framework of three main projects, as the Ziphius 
Project. All along the Ziphius Project, survey design was conceived in order to 
maximize the probability of encountering the species. At this end, research effort 
was more concentrated in the preferred habitat for the species (Moulins 2007, 
Tepsich, 2014). Surveys were conducted all-year round, with more effort during 
spring-summer months.  
 
Since 2005, CIMA Research Foundation colleaborated with local whale watching 
companies, in order to increase data collection. Every year during the whale watching 
season (from April to September), one researcher from CIMA Research Foundation 
embarked on whale watching vessels in order to collect survey data. Observers on 
whale watching vessels use both binoculars and the naked eye. 
 
The monitoring Protocol for data collection differs slightly according to the vessel 
restrictions. The vessel position is always recorded along the survey with a tablet 
(equipped with a GPS) using smartphone application Locus Map Free - GPS Outdoor 
at 1 second resolution. The associated information collected along the track (as 
marks) is also collected using Locus Map Free. It includes weather conditions 
(recorded every half an hour), vessel traffic (together with meteorological data and 
every time there is a sighting), cetacean sightings (species identification, number of 
animals, distance sampling data, behaviour, immersion/emersion and real position 
when possible) and associated species sightings. 
 
A 10x10km grid1 was used for performing distribution analysis, a combined file from 
the European Environment Agency grids2 available for Italy and France and cut in 
order to cover only the Pelagos sanctuary area (with an extra buffer outside of the 
Pelagos Sanctuary of 15km). The native projection system of the grid is Lambert 
Azimuthal Equal Area projection (ETRS89-LAEA), as indicated in the EU INSPIRE 
Directive. The 10x10km resolution is preferred to coarser ones indicated in the 
Indicator Factsheets considering the specificity of the species. This grid was used to 
plot track and sighting data in order to produce respectively effort and distribution 
grids. Considering the difference in sampling design, for analysis purposes 
dedicated/whale watching data have been grouped together (see Moulins, 2007; 
Tepsich, 2014) while Ferry data have been analyzed separately. Grids were produced 
at an annual temporal resolution as well as at global, with data from the entire 
considered periods. Species distribution range were investigated considering all the 
cells containing in at least one confirmed sighting of the target species.  
 
As the aim of the analysis is to investigate the distributional range of the species, all 
the available sighting data was used, regardless of the weather condition. 
Considering the ecology of the species, no differences in winter/summer 
distributions were expected, so only annual maps have been produced. Trends were 
investigated by comparing annual maps, using effort grids to discuss inter-annual 
differences (to take into consideration effects of effort bias occurring year by year). 
 

                                                           
1 The grid can be visualized using www.seawetra.org with the login “Guest” and the tag 

“Reference grid”  
2 http://www.eea.europa.eu/data-and-maps/data/eea-reference-grids-2#tab-gis-data. 

http://www.seawetra.org/
http://www.eea.europa.eu/data-and-maps/data/eea-reference-grids-2#tab-gis-data


 

3. Results of the Indicator Assessment 
 
In 10 years (2005-2014), 203 sightings of Cuvier’s beaked whale were collected (with 
a total number of animals of 471-498). The quantity of data obtained with this 
dataset is particularly high considering the difficulties to collect data on this 
particular species. As indicated during the Meeting of the Correspondence Group on 
Monitoring (CORMON) Biodiversity and Fisheries in March 2017 (UNEP/MAP, 2017) 
the spatial distribution of marine mammals is largely affected by the research effort 
thus, it is necessary to precise that the 203 sightings were collected with a research 
effort covering about 72000km on-effort (Table 1 in Annex). 
 
The distribution map3 of the sightings is presented in Figure 1 (left). Cuvier’s beaked 
whale was observed in 48 cells with a range of sightings per cell of 1-18. Considering 
the grid resolution, the species is distributed on about 4800km2, with a main area 
located in the north of the Pelagos Sanctuary and two small clusters (both of 
200km2) located off north-west of Corsica (off Saint Florent) and off the north-east of 
Sardinia (off Olbia). This result needs to be considered according to the spatial 
distribution of the research effort during the 10 years. The total research effort is 
distributed over 343 cells (cells with a minimum of 2km on-effort), covering 
34300km2 thus about 40% of the Pelagos Sanctuary area (Figure 1 right). This 
distribution is not even over space, with some cells more sampled than others, thus 
the distance per cell is ranged from 2 (the minimum to consider the cell sampled) to 
2,532km. 
 

 
Figure 1: Sighting (right) and research effort (left) distributions in the Italian waters of the 
Pelagos sanctuary, over the 10-year of study, represented on the 10x10km grid. Coordinate 
system: ETRS89 / LAEA Europe - EPSG:3035. 

 
Over the years, the number of sightings (indicated in Figure 2 and Annex-Table 1) 
shows a high variability (minimum of sightings: 3 in 2010; maximum of sightings: 69 
in 2005), with a global average of 20.3 sightings per year. The quantity of sightings is 
largely affected by the variability of the research effort per year. Indeed, the 
maximum of sightings is reached in 2005, year with highest research effort 
(minimum of covered distance: 1’490km in 2008; maximum of covered 
distance:20107 km in 2005; see Figure 2 and Annex-Table 1). Similarly, the lowest 
sighting records (3 in 2010) is obtained with a relative low research effort (similarly 
to 2008, 2009).  
 

                                                           
3 The maps can be visualized using www.seawetra.org with the login “Guest” and the tag 
“Cetacean distribution range”. 

http://www.seawetra.org/


 

 
Figure 2: Surveyed distance in kilometer (km) and number of sightings per year during the 10-
year study period. 

 
 

 
Figure 3: Number of years for which at least a sighting of Cuvier’s beaked whale has been 
done on the cell (left) and number of years for which the research effort was higher than 
2km on the cell (right). Coordinate system: ETRS89 / LAEA Europe – EPSG:3035. 

 
Considering the strong influence of the sampling variability on the species 
distribution range, it is not possible to detect any trends over time. There are some 
variations of distribution of the species over time (Figure A1), even though 



 

observations in the north of the Pelagos sanctuary are regular over the year. The 
range of the species distribution is strongly influenced by the range of the research 
effort distribution. Indeed, Figure A1 displays the different areas prospected over 
time. Some areas are regularly surveyed, other are surveyed once. For instance, only 
in 2012, surveys were realized off the north-east of Sardinia, allowing collecting 
sightings in this specific area but obvious the absence of the species there, the other 
years, is only a consequence of the absence of effort. 
 
The maps4 presented in Figure 3 support the information about the high 
heterogeneity of research effort over space per year. They highlight the difficulties to 
establish a trend of species range distribution over space and time. The cells more 
surveyed over year are the cells more surveyed over year. 
 
 
4. Lessons learnt and/or recommendations 
 
This study reports 10 years of surveys in the Italian waters of the Pelagos sanctuary, 
gathering a huge dataset of Cuvier’s beaked whale: 203 sightings. Considering that 
the species is not well studied, this dataset gives strong evidence about the regular 
presence of the species in the north of the sanctuary. Indeed, this dataset proves that 
the canyon of genoa area is one of the few Mediterranean hotspots for Cuvier’s 
beaked whale. This area should be thus taken into account for the identification of 
the Critical Habitat of the species.  
 
Monitoring and assessment of the Cuvier’s beaked whale distribution range is 
absolutely essential for the conservation of this species. Despite the recent results of 
surveys on cetaceans in this area, no systematic sampling by boat was executed. 
Aerial survey is unsuitable for determination of the distribution of deep divers such 
as the sperm whales, and a fortiori the Ziphius, due to the proportion of their time 
spent under the surface, and the speed of the aircraft, only a small minority of 
ziphiids can be detected.  
 
This case study pointed out the spatial distribution and characteristics of the suitable 
habitats of the Cuvier’s beaked whale in the Mediterranean Sea, particularly the 
Italian waters of the Pelagos Sanctuary. Observation rate is highest for depths 
between 1400 and 2000 m, but they are frequent at 750 m in depth with slope range 
between 11 and 31m/km.  
 
The main issue regarding the analysis of the species range distribution is the strong 
influence of the research effort variability over time and space. This influence is 
obvious looking the total dataset over the 10-years period, but also with the dataset 
cumulated per year or with dataset distributed over space per year. This makes it 
impossible to assess differences between summer range and winter range 
distribution. Indeed, winter months are not representatively sampled (due to adverse 
weather conditions). However, the species range is more likely affected by 
seasonal/monthly changes. Such changes could be partially related to anthropic 
impact such as vessel traffic. Especially in the Pelagos sanctuary, marine traffic is 
one of the major sources of impact on cetacean species. Changes in traffic 
composition and distribution (that effectively occur between seasons) could then 
influence changes in species range (Coomber, 2016). 

                                                           
4 The maps can be visualized using www.seawetra.org with the login “Guest” and the tag “Cetacean 

distribution range”. 

http://www.seawetra.org/


 

 
Information on species presence in other areas of the Italian waters is very limited. 
Except for data in the northern Sardinia (Arcangeli, 2015Bittau, 2017; Gannier 2011) 
and stranding data from southern regions, species presence outside the Pelagos 
sanctuary is almost unknown. Given the complexity of the habitat inhabited by the 
species and its inter-species overlap, for example, with sperm whales (Tepsich, 
2014), it is not advisable to perform prediction models in un-surveyed area. Applying 
predictive models where not enough information is available could result in an over 
estimation of species distribution range. For this reason, it is a priority to organize 
dedicated surveys on areas with low effort or no effort at all. Thus, CIMA Research 
Foundation plans part of its surveys in areas of the Italian waters with gaps of 
information as in the Tyrrhenian sea and in the Ionian Sea. 
 
Given the species short time at the surface and its difficult-to-sight profile, further 
considerations about vessel speed, observer’s height above sea level, weather 
conditions (especially sea state) should be taken into account when analyzing data 
coming from different sources. Given the lack of data on species presence it is 
advisable to increase survey effort by applying all possible methods, differences in 
survey coverage and methods should be strongly included in any trends analysis. 
 
Considering the high fidelity for the species towards specific areas (Rosso, 2010), the 
distribution range of Cuvier’s beaked whale might be coupled with the Common 
Indicator 4 ‘’population abundance‘’ and 5 ‘’ population demographic 
characteristics‘’for better conservation status of the species. 
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1. Brief introduction 

 
The coastal and marine area in Montenegro encompasses a territory of six coastal 
municipalities – Herceg Novi, Kotor, Tivat, Budva, Bar and Ulcinj – with the total 
surface area of 1.591 km2 as well as the inland waters and territorial sea of 
Montenegro with a surface of 2.500 km2 and shoreline of 300 km. As a result of a 
number of project activities conducted in cooperation of the Ministry of Sustainable 
Development and Tourism of Montenegro with the Italian Ministry of Environment, 
Land and Sea and SPA/RAC, marine habitats distribution mapping was conducted in 
Montenegro by applying different methodologies.  
 
ithin the framework of CAMP Montenegro which was realized in period 2011-2014, 
the assessment of the general vulnerability of the coastal zone was carried out. All 
available historical data on distribution of habitats until 2013 were collected in the  
GIS data base. It serves as the basis for the vulnerability assessment of terrestrial 
and marine biodiversity. Results and available data from the field surveys at selected 
locations and the limited data archive available in the official documents (e.g. 
military map of sediments of sea bed in the former SFRY, reports for the Barcelona 
Convention and its Protocols, analysis with regard to application of requested IUCN 
standards and requirements of the EU directives) served as the basis for evaluation 
of the marine biodiversity vulnerability. 
 
In order to improve knowledge on habitat distribution additional detailed mappings 
were conducted in Boka Kotorska Bay (Kotorsko–Risanski part of the Bay) along 26 
transects or points during 2013. Similar surveys were conducted for Platamuni area 
and Ratac within the framework of MedKeyHabitat project during 2014 and 2015. In 
the period 2016-2017, the Ministry of Sustainable Development and Tourism initiated 
a small pilot project in Boka Kotorska Bay with the aim to test the EcAp indicators 
application (including the assessment of gaps in present data availability for EcAp 
indicators); to assess the status of and impacts on the marine environment; as well 
as to undertake thevulnerability assessment for the purpose of applying MSP in 
regulation of the activities and uses of marine environment. 
 
The aim of this Case study is to give a brief overview of the results of the above 
specified project activities that can be used for the purpose of making relevant 
assessments for EcAp Common Indicator 1: Habitat distributional range (EO1), 



 

presenting also identified gaps and possible improvements, but also to make 
interface with all other common indicators under EO1 and EO3. 
 
 
2. Methodologies used for the collection and analysis of the data 

 
Remote sensing analysis was carried out acquiring a set of WorldView-2 scenes in 
April 2012 (under the project “Start-up of Katič MPA in Montenegro and Assessment 
of marine and coastal ecosystems along the coast” (DFS 2012). The remote sensing 
analysis covered the entire coastline of Montenegro, including the Bay of Kotor, 
encompassing the sea area of depth up to 25 m of a total surface of approximately 
212 km2. The final results of the project were as follows:  

• Orthorectified satellite data: panchromatic (resolution of 50 cm) and multi-

spectral (resolution of 2 m); 

• Pan sharpen orthorectified satellite data obtained from the fusion of 

panchromatic and multispectral satellite data, with a high-resolution image 

(50 cm), keeping the "color" information contained in the multispectral 

satellite image; 

• ArcGIS project of elaborated data; 

• A technical report on remote sensing application with a final set of maps of 

seabed types and underwater vegetation coverage (depth from 0 to max 25 

m) along the coast of Montenegro obtained from the elaboration of the 

satellite images (A3 sheet at scale 1:10.000 and A1 sheets at scale 1:25 000).  

 
In addition, field surveys were also conducted in 4 chosen transects (2 in Katic area 
and 2 from Crni rt to rt Skocidjevojka – Petrovac area) in order to verify and obtain 
more detailed data for the chosen areas. 
A rapid assessment survey of coastal habitats was carried out by SPA RAC in order 
to facilitate the prioritization of the new areas suitable for protection and enhance 
development of a network of marine and coastal protected areas in Montenegro. The 
methodology used consisted of the analyses of existing data available in the 
literature and three different survey missions of marine biodiversity conducted in 
2008, 2011 and 2012.   
 
In order to gather additional information and improve knowledge on habitat 
distribution in Boka Kotorska Bay, different methodologies were applied, including 
gathering of all existing relevant data from literature, additional data collection by 
side scan sonar and single beam survey (at locations Kotorsko Risanski zaliv 
(MEDMPAnet project), Platamuni and Ratac (MedkeyHabitat project)) as well as 
surveys with underwater camera along 26 transects or points and scuba diving. All 
available data for Boka Kotorska bay on Habitat distributional range were collected in 
one GIS data base by combining all available data obtained from field surveys for 
Kotorsko-Risanski part of the Bay with satellite data and GIS modeling, for the 
purpose of development of the methodological framework for marine spatial 
planning in the Boka Bay through application of EcAp. 
 
 
 
 
 



 

3. Results of the Indicator Assessment  

 
According to the study on the status of coastal biodiversity conducted as part of 
CAMP Montenegro and rapid assessment survey of coastal habitats carried out with 
the aim to contribute to the prioritization of the new areas suitable for protection and 
to develop a network of Marine and Coastal Protected Areas in Montenegro, the 
following 23 benthic assemblages were selected a priori in Montenegro: 
 

1. Barren = encrusting coralline algae and sea urchins Arbacia lixula and 
Paracentrotus lividus; 

2. Boulders_barren = same as above plus large boulders; 

3. Caulerpa racemosa assemblage; 

4. Cladocora caespitosa reefs = Cladocora caespitosa assemblage; 

5. Coralligenous assemblages = Large boulders and vertical walls with 
dominance of Halimeda tuna, Parazoanthusaxinellae and sponges; 

6. Infralittoral algal turf assemblages; 

7. Infralittoral gravel assemblages; 

8. Infralittoral mud assemblages; 

9. Infralittoral mud and gravel assemblages; 

10. Infralittoral pebble assemblages; 

11. Infralittoral sand assemblages; 

12. Large sponge assemblage with Geodia, Aplysina and Petrosia; 

13. Mussel bed assemblage; 

14. Photophilic algae assemblage with Cystoseira spp. and Halopteris spp.; 

15. Photophilic algae assemblage with Cystoseira spp.; 

16. Photophilic algae assemblage with Padina pavonica; 

17. Posidonia oceanica; 

18. Rubble and turf assemblage with Codium sp.; 

19. Sciaphilic algae assemblages on hard substrata = Rocky substrates 
dominated by Codium bursa and Flabelliapetiolata; 

20. Sciaphilic algae assemblages on hard vertical/subvertical substrata with 
Flabellia petiolata and Halimeda tuna; 

21. Sciaphilic algae assemblages on hard substrata with Flabellia petiolata and 
Peyssonnelia spp.; 

22. Submerged canyon; 

23. Submerged caves. 

 
According to the rapid assessment survey of coastal habitats that summarizes all 
available data until 2013, the benthic assemblages surveyed along the Montenegrin 
coast are diverse and typical infralittoral of Mediterranean hard and soft substrates, 
with the notable exception of those in the Bay of Kotor, which is unique. All the 
assemblages seem to be in a good state of health, with the exception of the upper 



 

infralittoral in the offshore sites, where fisheries has provoked a profound change in 
both the physical structure of the substrate and the biological composition of the 
benthic communities. The barren stable state characterizes the upper rocky 
infralittoral at all the sites of the open sea visited, except for Mamula, Seka Albaneze 
and Seka Kočište. Some of the areas surveyed were the object of study by 
algologists in past decades (Ŝ So and Antroliċ, 1983), who reported a luxuriant algal 
canopy with several species, brown algae in particular. Sea urchin grazing hassled to 
the disappearance of photophilic algal assemblages from a large part of the 
Montenegrin coast. These assemblages have now been substituted by a coralline 
barren area.  
 
Posidonia beds are recorded in the Montenegrin coast at a number of sites. The 
results demonstrated that the upper depth limit of meadow is about 6-7 feet deep. 
Only at the site near underwater caves Mikovič upper limit was found at a depth of 12 
m. Among the best preserved communities of this type are those in locations in front 
of Petrovac and Buljarica, and in the bay Trašte. These habitats are common also in 
the Bay of Kotor, but are widespread at lower depths because low water 
transparency. In some places in Kotor and Risan Bay the underwater sea-grass 
meadows are in the state of regression or have completely disappeared. Probably in 
some places on the high seas the regression has started but there is not enough data 
to compare and record these changes.  
 
Inside Boka Kotorska at Dražin Vrt Strp and Sopot,a Coralligenous assemblage was 
found between 12 and 30 m depth. At Dražin Vrt, impressive Cladocora coespitosa 
reefs were present and were associated with a rich assemblage of large-sized 
sponges and cnidarians, notably massive colonies of the false black coral, Savalia 
savaglia, the gorgonian Leptogorgia cfr sarmentosa and the yellow cluster anemone 
Parazoanthus axinellae.  
 
Based on conducted remote sensing analysis within the project "Start-up of Katič 
Marine Protected Area in Montenegro and Assessment of Marine and Coastal 
Ecosystems along the coast - Analysis of Coastal Features to Assess Natural Values” 
map on seabed composition was produced (Figure 2). This map represents a good 
overall basis for modelling and indication on habitat distribution. This Map was also 
used with other available data for the purpose of analyses of vulnerability 
assessments of habitats along the coast within the CAMP project. Following the 
vulnerability assessment results (Figure 3), the more and less suitable zones for 
certain activities were identified by applying MSP. The conflict uses of the marine 
space were also identified what guided the spatial planers to recognize the most 
suitable zones for the activities that may be acceptable with regard to the present 
status and adaptive capacity of marine environment, but also to recognize those 
zones and activities that may not take place in marine environment or only within 
limited capacities. As a result of gathering of all available data for the purposes of 
the implementation of CAMP Montenegro, 7 areas (Figure 1) were identified as some 
possible important areas for future mapping and examination.  
 



 

 
Figure 1: Sample of a seabed map obtained through remote sensing elaboration along 
Montenegrin coast 

 

 
Figure 2: Map of suitable areas for establishment of future Marine Protected Areas in 
Montenegro 



 

 

 
Figure 3: Vulnerability of the marine biodiversity (vulnerability assessment for two 
types of habitats: Posidonia beds and underwater caves). 
 
 
Pilot project “EcAp/MSP testing in Boka Kotorska (Kotor) Bay which is aimed at 
development of a detailed methodological framework for marine spatial planning in 
the Boka Bay through application of EcAp was implemented from December 2015 to 
July 2017. Data sets gathered from already mentioned projects and other relevant 
sources were analysed by applying GIS tools. As one of the projects results, map of 
distribution of habitats in Boka Kotorska Bay was produced by using all available data 
and modelling methodology (Table 1 and Figure 4). The map gives an overview on the 
surface and percentage of coverage of biocenosis and assemblies in Boka Kotorska 
Bay.  
 
The present status of habitats was then assessed by applying relevant EcAp status 
indicators and later on it was expressed through the value index. The pressures were 
also assessed by applying relevant EcAp pressure indicators and after that they were 
expressed through the exposure index. Having the values of exposure and value 
index the appropriate sanitation and protection measures were proposed as to 
improve the present status of marine environment. In the next phase the vulnerability 
of the marine ecosystem on different activities that may be placed in marine 
environment was assessed. It was done by combining the value and exposure 
indexes with the expert assessed the adaptive capacity of the marine environment 
for acceptance of new pressures once when future sea uses and related activities 
will take place. The Project was a good example of how data gaps can be overcome 
with modelling technique and how important is to have detailed data in order to have 



 

more reliable conclusions on vulnerability as a basis for appropriate MSP 
development. 
 
 
Table 1: Habitat distributional range in Boka Kotorska Bay. 

5 Habitat type 
Surface 

(ha)5 

Percentage 
(%) 

Biocenosis of coastal terrigenous muds 5172.92 61.5 

Biocenosis of Instable soft bottoms 55.46 0.66 

Biocenosis of muddy detritic bottoms 77.95 0.93 

Biocenosis of muddy sands in sheltered waters 14.69 0.17 

Biocenosis of Sciaphilous algae 14.58 0.17 

Coralligenous biocenosis 15.34 0.18 

Cymodocea nodosa meadow 0.15 0.00 

Deep holes with possible presence of Cladocora 
species 

4.74 0.06 

Hard beds and rocks 102.61 1.22 

Mixed meadow composed by Cymodocea nodosa, 
Nanozostera noltii and Zostera marina 

0.83 0.01 

Mixed meadow composed by Posidonia oceanica and 
Cymodocea nodosa 

0.09 0.00 

Mosaic of BS and C 24.79 0.29 

Mosaic of BS and MS 0.39 0.00 

Mosaic of BS and VTC 8.13 0.10 

Mosaic of Facies with Savalia savaglia (dominant) and 
Facies with Leptogorgia sarmentosa 

0.51 0.01 

Mosaic of Infralittoral stones and pebbles, BS and MS 1644.74 19.6 

Mosaic of MS and VTC 8.45 0.10 

Mosaic of Photophilous and Sciafilous Biocenoses 1.75 0.02 

Mosaico of C and VTC 15.69 0.19 

Posidonia oceanica meadow 145.12 1.73 

VTC with abundant presence of dead Cladocora 18.88 0.22 

VTC with indication of instable conditions 1080.92 12.8 

 
 
 

                                                           
5 Area calculated GIS based on existing data on the distribution of habitat at the Bay of Kotor. 



 

  
Figure 4: Habitat Distribution in Boka Kotorska Bay 

 
 
 
4. Lessons learnt and/or recommendations  

 
It may be concluded that present data show significant gaps with the view to 
organization of the monitoring assessments based on the application of all EcAp 
indicators, including data of relevance for habitat distributional range in Montenegro. 
Significant efforts are needed as to ensure reliable data for future assessment 
products that will be based on application of the EcAp indicators.  
 
owever all present available data can be used as the basis for overcoming data gaps 
by using sophisticated GIS tools and modelling techniques (combining different 
levels of data and methodologies). Despite that field surveys for collection of 
missing data remain the optimal approach. As the field surveys methodology side 
scan sonar may be strongly recommended for mapping the large areas, while for 
some smaller areas, as well as for specific habitats and more detailed investigations 
of the habitat’s structure, diversity and condition, SCUBA diving is necessary. In 
cases that data are missing, available data such as satellite maps can serve as the 
basis and indication of possible habitat composition and can be used for the purpose 
of GIS modelling.   
 
n the EcAp/MSP pilot project, the assessment of the status of and pressures on the 
marine biodiversity was carried out by elaboration of the data which were available 
for calculation of Common Indicator 1: Habitat distributional range (EO1) and 
Common Indicator 10: Fishing effort (EO3). Other indicators were not calculated due 
to significant lack of data as explained above. It has to be emphasized that even 
historical data usage for this purpose requires data quality assurance.  
 
s a step towards improvement of data availability, the need to redefine the existing 
monitoring programme of marine environment in line with the Guidance Factsheets 
has to be recognized. It will require redefinition of monitoring locations, survey 



 

methods, elaboration of collected data, and implementation of risk based approach 
etc. After that field surveys should be organized in accordance with the improved 
monitoring programme for collection of new data. 
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1. Brief introduction 

 
WThe Biodiversity and Marine Biotechnology laboratory of the Institut National des 
Sciences et Technologie de la Mer (INSTM) – (National Institute of Marine Sciences 
and Technologies) launched a research programme, at the beginning of the 1990s, to 
implement the Action Plan for the Conservation of the Mediterranean Sea turtle. In 
line with this objective, prospections for potential nesting beaches of the sea turtle 
were carried out from 1993 to 1996 with the collaboration of the Specially Protected 
Areas Regional Activity Centre (SPA/RAC). This prospecting showed the relative 
nesting importance of the loggerhead sea turtle Caretta caretta in the Kuriat islands 
where monitoring was started in 1997.  
 This monitoring programme is the result of close collaboration between INSTM, 
ANPE (Agence National pour la Protection de l’Environnement – National Agency for 
the Protection of the Environment) substituted then with APAL (Agence de Protection 
et d’Aménagement du Littoral – Agency for Coastal Protection and Management) 
with the guidance and support of the SPA/RAC. This collaboration is now celebrating 
the twentieth anniversary with success for the protection of sea turtles in Tunisia. 
This was crystallized by a regular and improved nesting phenomenon thanks to the 
seasonal presence of the monitoring team at the science camp. This plays a very 
important role for the following reasons: 

i. Research (an important database pertaining to the biological and ecological 
parameters of the reproduction of Caretta caretta and specific studies of 
genetics, sex ratio and satellite monitoring);   

ii. Training (including a diploma course);  
iii. Awareness creation; and 
iv. Conservation.   

 
Training and awareness creation have been further strengthened through the 
involvement of civil society and mainly the NGO “Notre Grand Bleu” (NGB) in the 
monitoring activities of the Kuriat islands. 
 
Even if the beaches of the Kuriat islands represent a minor nesting site compared 
with other Mediterranean beaches, its role could still be quite appreciable especially 
from the genetic diversity point of view. In this case study we shall focus on the 
collected data, its analysis and the results of the nesting monitoring indicator.   
 
 
 
 
 



 

 
2. Methodologies used for the collection and analysis of the data  

 
Study area: The Kuriat islands consist mainly of two small islands: the Great Kuriat 
island (with a surface area of almost 2,7km2) and the small Kuriat island (nearly 
0,7km2). They are located East-North-East from Cap Monastir at approximately 18km 
and separated from each other by approx. 2,5 km (Figure 1).  

 
Figure 1: Map of the geographical location of Kuriat Islands 

 
Several species of flora and fauna surveyed are extremely rare and vulnerable. As for 
terrestrial biodiversity, there is a great variety of vegetation which is important for 
some birds for whom the Kuriat islands are a nesting place and an important stage 
of migration. Marine biodiversity is characterized by the presence of Posidonia 
meadows, maërl beds, the pen shell Pinna nobilis and the loggerhead sea turtle 
Caretta caretta whose presence there is one of the main reasons for the protection of 
the Kuriat islands. Its nesting was established for the first time in 1988 on the beach 
of the great Kuriat island close to Monastir (Laurent et al., 1990) and that of the small 
Kuriat island in 1993 (Bradai, 1995). 



 

 
Monitoring of nesting and data collection (plank): The scientific camp (Figure 2) is 
generally on the great Kuriat Island during the summer season, from June until the 
end of August. Daily visits are made both upstream and downstream of the camp in 
order to: i) locate any possible first nests; ii) monitor the emergence of the 
hatchlings; and iii) open the last nests.        
 

 
Figure 2: Scientific camp on the Great Kuriat ©SPA/RAC, Imeb JRIBI 

 
During the teams stay (researchers and volunteers), nocturnal surveys were carried 
out to detect any new nests which had been made. In case of doubt in locating the 
nest, a probe was used very carefully. The nests thus detected are protected by 
cages in order to identify them and avoid them being trampled on by visitors. The 
observed nesting females were measured and tagged. Nests made in areas which 
are deemed to be at risk of flooding were transferred into thermos containers and 
taken to safer areas. Once the hatchlings are out, the nests were opened in order to 
count the eggs and their different stages, hatched, fertile not hatched, (early or late 
mortality) dead hatchlings in the nest or in the eggs and eventually any live 
hatchlings in the nest. This data was recorded on an Excel spreadsheet and used to 
determine the number of eggs and the levels of fertility, hatching and the emergence 
of the hatchlings. A sample of hatchlings was sometimes used to determine the 
metric and meristic characteristics.     
 
To estimate the sex ratio of the hatchlings, a recording thermometer was placed with 
the eggs in the nests at the time of egg-laying and withdrawn after the hatching. The 
recorded temperatures were then analyzed and the sex ratio estimated.       
 
To establish the migration routes of the nesting sea turtles on the Kuriat islands, a 
female turtle was monitored via satellite within the framework of collaboration 
between SPA/RAC and the Naples Zoological Station (SZN - NZS). 
 



 

3. Results of the Indicator Assessment 

 
Egg-laying period: The loggerhead sea turtle nests in the Mediterranean at the 
beginning of June and up to the beginning of August, but rarely in May and 
September (Margaritoulis et al., 2003). This parameter is to be taken into 
consideration in the conservation strategies especially when the egg-laying coincides 
with the frequentation period of the beaches (Jribi et al., 2002). The data collected 
over a period of 20 years of nesting monitoring on the Kuriat islands made it possible 
to pinpoint the egg-laying of Caretta caretta mainly in June, July and August of each 
year with a peak during the first half of July (Figure 3). It should be pointed out that 
from 2002 onwards, the frequency of egg-laying in August was observed only from 
2002 on with an ever-increasing frequency.            
 

 
Figure 3: Importance of Laying by Period of Season (1997-2016) 

 
Importance of nesting: Even though it is a minor site compared with other sites in the 
Mediterranean, the nesting phenomenon of the sea turtle Caretta caretta on the great 
Kuriat Island is a regular one. This regular and durable phenomenon is due to, 
amongst other things, the surveillance activities of the nests by the monitoring team. 
Poaching of nests had been recorded before the regular surveillance programme was 
established. The number of nests made annually is indicated in Figure 4. The 
analysis shows a clear increase in the number of nests dug by the turtles and this is 
thought to be connected to the protection efforts deployed since 1997. This number 
increased from 11 nests/year (n=10; SD= 4,8) for 1997-2006 to 24,1 nests/year 
(n=10; SD= 6,0) for the 2007-2016 period. On the small Kuriat island which is thought 
to be highly frequented by bathers, the nesting rate has declined over the years, then 
recovered and became regular since 2007.       
 
Nesting females: On the Kuriat islands, the carapace curve length of the nesting 
females varies between 70 and 85 cm average = 76,03cm; n= 34; SD=4,07) and the 
curve width varies between 60 and 74 cm (average = 66,65cm; n= 34; SD=3,61). This 
size is similar to that in Turkey and Libya (Margaritoulis et al., 2003) and is thought to 
correspond to an age of approx. 20 years according to the study of Casale et al. 
(2009). The presence of primiparous females, or neophytes, which were relatively 
small in size and were laying a small number of eggs, was also recorded (Bradai and 
Jribi, 2008; Jribi and Bradai, 2011 and 2013).  
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Figure 4: Number of nests deposited annually on the Kuriat Islands (1997-2016) 

 
 
Egg-laying cycle and inter-nesting interval: Sea turtles undergo cyclical migrations 
between the nesting sites and the feeding areas and the females do not deposit their 
eggs each year. These migrations vary with cycles of 2-3-4 years with a 
predominance of 2 and 3-year cycles (Miller, 1997). The nesting inter-season 
intervals can vary even with the same female. This variation depends on several 
factors such as the quantity of food and energy accumulated during the year, the 
environmental conditions and the availability of males. Furthermore, during an egg-
laying season, the turtle does not lay just once. The frequency of egg-laying is the 
number of nests made per season per female. The determination of these 
parameters is based on the tagging of the nesting females. On the Kuriat islands, the 
egg-laying cycles is estimated at 2 years whereas the inter-egg-laying interval varies 
between 13 and 21 days. When the tags are lost then this becomes one of the 
factors which limit the successful identification of a turtle and consequently this 
hampers the determination of these two parameters. This situation could be 
obviated to a certain extent by double tagging the turtle as in our experience the 
metal tags are better than the plastic ones.  
 
Clutch size: Clutch size is determined during the egg-laying or when the nest is dug 
out after the emergence of the hatchlings. On the Kuriat islands and after 20 years of 
monitoring the beaches, the clutch size varied from 25 to 164 eggs/per nest with 
annual averages varying from 58,6 to 107,32 and a general average of 88,41 (SD= 
10,48; N= 20) (Table 1). The frequency of the clutch sizes out of 299 nests which had 
been studied is illustrated in Figure 5. Compared to other Mediterranean sites, the 
clutch size on the Kuriat islands seems to be similar to what has been recorded in 
Cyprus and in Turkey but the clutch size is smaller than that recorded in Greece 
which has the largest clutch sizes (Margaritoulis, 2003). 
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Figure 5: Frequency (%) of the different spawning sizes on the Kuriat Island 

 
Table 1: Egg size, hatching and emergence rates on the Kuriat Islands (1997-2016) 

Year Clutsh size range 

SD 

(clutch size) Hatching rate Emergence rate 

1997 107,36 64-150 23,29 91,9 90,57 

1998 81,5 70-104 15,8 75,97 46,48 

1999 89,42 59-122 20,75 66,29 65,26 

2000 82 49-110 18,4 62,22 62,22 

2001 102,33 65-130 24,89 63,64 59,59 

2002 58,6 25-82 20,73 63,48 61,77 

2003 84,75 52-143 34,61 70,98 65,73 

2004 94,56 61-134 21,12 63 63 

2005 92,89 67-129 22,64 68,97 68,66 

2006 89,93 74-112 13,95 70,64 69,37 

2007 83 55-111 18,77 55,02 54,23 

2008 84,08 57-114 13,5 67,43 67,43 

2009 87,89 44-146 30,79 59,06 57,90 

2010 84,85 48-145 22,02 46,91 44,99 

2011 97,06 27-147 28,58 72,43 71,60 

2012 99,33 57-164 34,88 71,57 70,87 

2013 90,45 56-123 20,28 60,10 59,39 

2014 74,58 60-98 10,29 62,72 62,62 

2015 94,00 58-135 22,76 75,76 74,28 

2016 89,68 36-161 27,74 54,77 53,99 

Mean 88,41 25-164 22,29 66,14 63,50 

SD 10,48  6,61 9,56 10,08 
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Duration of incubation: The egg incubation duration depends partly on the nature, the 
humidity and the temperature of the soil.  It is very important to know how long this 
duration is as it can provide information on the sex ratio of the hatchlings. In fact, the 
incubation duration is inversely correlated with the incubation temperature. Long 
incubation periods imply cool temperatures producing more males and shorter 
periods imply warm temperatures producing more females. The incubation duration 
on the same site varies from one year to the next depending on the thermal 
conditions. The average figures recorded on some of the Mediterranean sites vary 
from 47,3 to 48,7 days in Cyprus (Alagadi), from 57,6 to 62,3 in Greece (Zakynthos) 
and from 55 to 56,9 in Turkey (Fethiye). On the Kuriat islands this duration varied 
between 57 and 68,33 days (6 seasons) with an average of 60,5 days.   
 
Rate of hatching and emergence: The rate of hatching and of emergence on a beach 
are different as sometimes some hatchlings die just after hatching or do not manage 
to get out of the nest. These rates depend on several intrinsic factors such as the 
fertility rate of the eggs and also on extrinsic factors such as the physico-chemical 
conditions of the incubation linked to weather conditions, the destruction and the 
disturbance of the nests, flooding, erosion and predation. On the Kuriat islands and 
over a period of 20 years of monitoring, these rates have varied between 46,91 and 
91,9% for the hatching rate and 44,99 and 90,57% for the emergence rate with 
respective average figures of 66,14 and 63,50% (Table 1). Even though some of the 
nests may be disturbed or flooded, these rates show that the site is favourable for 
nesting.     
 
Sex-ratio: With sea turtles there is no sexual dimorphism in the hatchlings. The sex 
ration is estimated in the egg-laying sites by measuring the temperature in the nests 
as the sex determination depends on the incubation temperature. In general, the sex 
ratios are biased in favour of one of the two sexes in the TSD species (Temperature 
Sex Determination) like the sea turtles whose sex ratios are biased in favour of the 
females in most cases (Wibbels, 2003). 
On the Kuriat islands and in contrast to what is generally observed, the sex ratio is 
biased in favour of the males. The sex ration was estimated on the basis of the 
temperatures recorded in the middle of the nests and varied between 2% of females 
(in 2013) and 84, 5% of females (in 2007). 
 
Predation: It seems that the yellow-legged gull Larus cachinnans which is present in 
great numbers, may be a potential predator of the hatchlings especially for those that 
emerge during the day or early in the morning. The black rat Rattus rattus which has 
been present on the small Kuriat island for a long time and which has infested the big 
Kuriat island in 2013, is also thought to be a predator on the site. This rodent has 
been observed in attacking the hatchlings (Figure 6). To get rid of this rodent, a de-
ratting action was successfully carried out in both islands in collaboration with the 
NGB association.  Furthermore, even if human predation had been observed in the 
past (Laurent et al., 1990), our presence since 1997 has greatly limited this human 
predation. However, disturbances of nests have reported during our absence.     
 
 



 

 
Figure 6: Newborns attacked by the black rat Rattus rattus on the Kuriat Islands ©SPA/RAC, 
Imeb JRIBI 

 
Other sources of nuisance: The Kuriat islands are highly suitable for the nesting of 
the loggerhead turtle but there are still some problems to be dealt with and the 
biggest problems are as follows:   

• Human frequentation (Figure 7): the Kuriat islands, and especially the small Kuriat 

Island, are highly frequented during the summer by tourists and holidaymakers 

especially during the nesting period. The nests may be disturbed particularly during our 

absence. In order to reduce the negative effects of this frequentation, we have 

increased our presence on the small Kuriat island, set up awareness creation boards 

and even awareness creation booths with the help of civil society.  

• Fishing activities (Figure 8): there is intensive fishing activity around the Kuriat islands. 

The fishing nets laid out close to the coast disturb the nesting females and form 

barriers for the hatchlings which can end up in the meshes of these fishing nets once 

the hatchlings emerge from their nest. To give the hatchlings a better chance of 

reaching the sea, sometimes they were retained and then released once the fishing 

nets have been withdrawn and the fishermen had left.  

• Banks of dead Posidonia leaves (Figure 9): the Posidonia banks which end up on the 

beach sometimes constitute impenetrable barriers for nesting females. However, they 

may find their way out between these banks. The hatchlings manage to cross through 

the phanerogam deposits and reach the sea but it takes more time for them to do so 

and thus they are exposed to predation by birds in case they emerge late at night and 

sometimes they even die through exhaustion.  



 

 
Figure 7: Small Kuriat attendance by tourists and summer visitors ©SPA/RAC, Louis-Marie 
PREAU 
 
 

 
Figure 8: Fishing activity near the Kuriat Islands ©SPA/RAC, Louis-Marie PREAU 
 



 

 
Figure 9: Posidonia oceanica dead leaves benches ©Mohamed Nejmeddine BRADAI 

 

 
Figure 10: Herd of goats on the Great Kuriat ©Mohamed Nejmeddine BRADAI 

 
It should also be pointed out that a herd of goats (Figure 10) which had been kept for 
several years on the great Kuriat Island had caused considerable damage to the 



 

terrestrial ecosystems and had been taken back to the mainland after several 
interventions with the local authorities.  
 
Hatchlings: A metric and meristic study of the hatchlings (Figures 11 and 12) has 
yielded the following results: an average length of 4,13 cm (n=627; standard 
deviation =0,17; range: 3,5 cm to 5 cm) and an average width of 3,21 cm (n=627; 
standard deviation =0,19; range : 2,6cm to 4cm). This data is comparable to that of 
other Mediterranean regions   (Margaritoulis et al., 2003). The average recorded 
mass is 14,26g. Generally, the carapace of the hatchlings of the Kuriat islands is 
made of 5 vertebral plates, 5 pairs of costal plates, 13 pairs of marginal plates and 3 
pairs of inframarginal plates.  
 

 

 
Figure 11and 12: Photos of hutchlings on the Kuriat Islands ©Nicolas FAUQUE 



 

 

Satellite Tracking: In 2010 a nesting female was equipped on the great Kuriat Island 
with an Argos transmitter fixed to the carapace (Figure 13). The turtle had travelled 
approx. 5741 km over a period of 378 days. The emission of signals stopped when 
the turtle was to the South-West of the island of Lampedusa (Italy). The trajectory of 
this turtle is available on the following link: 
http://www.seaturtle.org/tracking/index.shtml?tag_id=60669a&full=1 (Figure 14).  
 

 
Figure 13: Nesting female on the large Kuriat equipped with an Argos beacon on the carapace 
©SPA/RAC, Louis-Marie PREAU 
 

 
Figure 14: track of the sea turtles tagged in the framework of the monitoring programme on 
the Kuriat islands 

http://www.seaturtle.org/tracking/index.shtml?tag_id=60669a&full=1


 

4. Lessons learned and/or recommendations 

 
The wealth of ecological characteristics of the Kuriat islands gave them the status of 
a sensitive coastal area (SCA) and since 1995 it is one of the areas being studied in 
order to be raised to the status of a Marine and Coastal Protected Area with a 
considerable contribution from the monitoring of the nesting beaches.        
 
Even though there are several threats to the species and the ecosystems (i.e. too 
much seasonal frequentation of the beaches, anarchical fishing activity, pollution) 
the state of the terrestrial and especially marine ecosystems of the Kuriat islands is 
at present of good quality.  
 
As there is a lack of effective protection of the Kuriat islands due to material and 
legal problems, the management of the Kuriat islands by the nesting turtle 
monitoring team could be further strengthened in order to monitor other ecological 
aspects until this archipelago is promoted to the status of a Marine and Coastal 
Protected Area (MCPA).   
 
Since its creation in 1997, the nesting monitoring centre on the great Kuriat island 
welcomed over 100 Tunisian and foreign students from different higher education 
establishments (Figure 15). Furthermore, there were at least 2 Diplomas of Advanced 
Studies and 2 theses pertaining either totally or partially to the nesting activity on the 
site. As for research work, there were at least twenty national and international 
communications, 5 articles in international newspapers and two chapters in two 
books.  
 

 
Figure 15: internship students on the Kuriat islands ©SPA/RAC, Imed JRIBI 

 
Awareness creation activities (Figure 16) were carried out in collaboration with civil 
society associations and were highly successful. These awareness creation activities 
were carried out mainly within the framework of two projects financed by the Critical 
Ecosystem Partnership Fund (CEPF). 



 

 

 
Figure 16: Awareness activities dedicated to visitors of the Kuriat Islands ©SPA/RAC, Imed 
JRIBI 
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