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ACTION A2 - GENERAL INTRODUCTION 

The action A2 aims at reviewing the best practice / state-of-the-art methodologies to assess N2000, PA 
connectivity integrity and species status assessment as preparatory actions for the data collection activity 
(Action C1.1 and E2.2) and to set the context for the final protocol for data collection and analysis in line with 
the legal framework requirements. To this aim the action tackle three aspects such as: A2.1) review of visual, 
eDNA and stable isotope approaches, A2.2) identification of indicators and related methodology, and A2.3) 
revision of the legal framework (Deliverable A2.3 Synthesis of available indicators, approaches, potential 
thresholds and data needed for the different legal frameworks for CEPTU species). The different actions are 
detailed below.  

A2.1 Review of FLT Net approach for the long-term surveillance of CEPTU species, and synoptic 
monitoring through eDNA technique 

The methodologies applied by the FLT Net since 2007 and implemented within the MEDSEALITTER-JRC 
activity, the IMPEL EU MTT projects, and the eDNA approach experimented since 2018, have been revised in 
particular for what concern the protocols for visual monitoring of a) CEPTU species (based on FLT/IMPEL 
approach), b) Maritime traffic (FLT approach), c) Floating Marine Macro Litter (FMML, MEDSEALITTER/JRC 
approach), and for d) eDNA and e) stable isotope sample.  

A2.2 Apply the FLT Net dataset since 2007 to assess the status of CEPTU species, identify 
appropriate conservation status indicators and sites of significant ecological processes, to finally 
evaluate the coherence and effectiveness of the spatial protection 

Main aims of this action is to support the analytical approach for the development of suitable indicator to 
identify: a) core areas of biological significance, and main migratory/movement trajectories of CEPTU species, 
b) aggregation hotspots of ecological processes (e.g. integrity of food webs on which they rely on; factors
supporting ecological connectivity at different spatial and temporal scales; dispersal and meta-population
dynamics; detrimental external driving factors of human nature which have a potential to conflict with healthy
status of species etc.), c) any possible overlap of elective habitats of these species with human activities (i.e.
maritime traffic, marine litter). This sub-action chooses to test different methodologies of analysis, develop
and test suitable indicators for the assessment of species conservation status, in line with the legislative
requirements and indications (i.e. HD, MSFD, OSPAR, IUCN indicators).

Common Geo-database 

The previous FLT collected data have been gathered, homogenised and formatted when necessary, and upon 
them, a common Geo-database structure has been built. The existing data and the upcoming ones will be 
integrated in this database.  

A2.3 Review the legal frameworks - Synthesis of available indicators, approaches, potential 
thresholds and data needed for the different legal frameworks for CEPTU species 

This sub-action aims at reviewing the EU Directives, paying specific attention to the “Habitat” Directive 
92/43/CEE (HD) requirement, to evaluate surveillance protocols and approaches for the identification of 
important areas for CEPTU species in order to draw guidelines to efficiently support decision-making across 



Europe and respond to HD and the other EU environment directives and Regional Agreements in the sea 
biodiversity compartment. It highlights synergies and equivalences between required criteria, parameters and 
indicators of EU Nature Directives (i.e the HD parameters of range, abundance, species’ habitat, future 
perspectives requested to assess the favourable conservation status -art. 17- and to carry out the surveillance 
of the conservation status of habitat and species and the progress status of the implementation of the 
conservation measure under art. 11), MSFD 2008/56/EC (e.g. JRC) and Regional Sea conventions (e.g. UNEP-
MAP 2017 Integrated Monitoring and Assessment Programme of the Mediterranean Sea and Coast and Related 
Assessment Criteria – EcAp/IMAP Ecological Objective 1, Common Indicators 3&4) will be evaluated. Available 
indicators, approaches and guidelines developed within Policy related and Intergovernmental Organizations 
(e.g. OSPAR, IUCN, Member State National Guidelines) will be reviewed to assess the state-of-the-art on 
methodological approaches for the implementation of the Directives and to evaluate the coherence and 
suitability of methodological approaches with the legal framework compliance. 

The collection of useful data for measuring the parameters required by the UE for the legal implementation of 
art. 11, 17 of the Habitat Directive, is complicated by biological and ecological features being CEPTU essentially 
wide range vagrant species. The variability of species and related threats constitutes a further challenge for 
correctly assessing the species conservation status, the appropriate conservation measures, and for evaluating 
conservation measures effectiveness in the long term. Notwithstanding the significant advancement of 
assessment approach, still important gaps exist for the implementation of the Directive due to lack of 
appropriate data to fill the required parameters. The review of available indicators, approaches, potential 
thresholds and the related data needed will guide the successive actions for the fine tuning of appropriate 
methodological approaches for data collection, analyses and identification of conservation measures. 

This document comprises the Deliverable of Action 2, with the two components A2.1, A2.2. The 
Deliverable of A2.3 constitutes a per-se document.  

All the contents of these two deliverables constitute the baseline starting points for the further 
implementation and fined tuning of indicators and analytical approach due by the Action C.1 
and in particular for the Deliverables C1.2 - Development of indicators for CEPTU status 
assessment and C1 - Identification of important offshore CEPTU areas and risk areas in WMED 
and ADRION marine regions assessment (due in May 2025). 

The Geo-database constitutes the baseline tool for the Milestone C1.1b Data acquisition on 
CEPTU species, food web, marine litter and maritime traffic (due in December 2024). 
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1. Introduction

All cetacean and sea turtle species within the Mediterranean basin, whether resident or migratory, are 
protected by a national and international legislative framework. To manage potential threats to cetacean and 
sea turtle populations, the legislative framework (e.g., EU Habitat & Marine Strategy Framework Directives, 
IMAP/EcAp from UNEP/MAP Barcelona Convention) requires the initial evaluation and the monitoring of 
cetacean and sea turtle populations to assess their conservation status and the effect of potential threats, and 
to plan effective conservation measures. Population monitoring is therefore a key pillar to early detection of 
any significant change that requires a definition or re-definition of conservation efforts. An understanding of 
the cause of significant change is also needed and can be obtained in part by relating the distribution and 
abundance of the species to environmental and/or anthropogenic factors. 
A combination of large-scale surveys to be taken at a regular but longer interval (e.g., 10 years) in 
combination/complementarity with more regular, cost effective, smaller scale surveys have been suggested 
for a few decades. Fixed Line Transect (FLT) can be monitored on a regular basis on platforms of opportunities 
like ferries. Fixed line surveys from commercial ships allow a systematic and unbiased sampling design, fulfilling 
the main requirements for the effectiveness of a monitoring plan: representativeness, reproducibility, and 
repeatability over time. These surveys can provide large data sets of fine‐scale data covering long‐term periods 
and may be the first step for assessing the geographical and temporal distribution of species in areas that are 
not typically included in sampling designs, where major knowledge gaps have been identified, and would help 
identify key important or critical areas, which could be further studied in detail through refined survey 
methodologies. 
Fixed Line Transect (FLT) method, using ferries as research platforms, has been used in the Atlantic since 
2001 by the Atlantic Research Coalition (Kiszka et al. 2007, MacLeod et al. 2009, Brereton et al. 20111), in the 
Mediterranean since 1989 (Marini et al. 1997; Monestiez et al. 2006; Cottè et al. 20092) and in other parts of 
the world (i.e., Viddi et al., 2010, Correia et al., 20143). The method has been used by the Joint Nature 
Conservation Committee (JNCC) to respond to the requirements of the Habitats Directive with respect to 
cetaceans. In the Mediterranean Sea, within the project Fixed Line Transect Mediterranean monitoring Network 
- FLT Med Net (Arcangeli et al. 20194), a network of research bodies coordinated by ISPRA, regularly monitor
cetaceans, sea turtles, other macro-fauna and main threats (maritime traffic, marine litter) since 2007 along
trans-boundary fixed transects mainly distributed in the western and central Mediterranean and the Adriatic
and Ionian region.
The approach presented here is implemented on the basis of the experience of the consolidated Network of
Research bodies that, since 2007, consistently monitor a large number of fixed routes distributed in the
Western Mediterranean Sea and ADRION Region applying the same protocol.

1 Kiszka J, MacLeod K, van Canneyt O, Walker D, Ridoux V. (2007). Distribution, encounter rates, and habitat characteristics of toothed cetaceans in the Bay of Biscay and adjacent waters from platform-of-opportunity 
data. ICES Journal of Marine Science 64, 1033–1043. 
MacLeod C.D., Brereton T., Martin C. (2009). Changes in the occurrence of common dolphins, striped dolphins and harbor porpoises in the English Channel and Bay of Biscay. Journal of the Marine Biological Association 
of the United Kingdom, 89 (5), 1059–1065 
Brereton T.M., MacLeod C., Wall D, Macleod K., Cermeño C., Curtis D., Zanderink F., Benson C., Bannon S., Osinga N., Martin C., Pinn E. (2011). Monitoring cetaceans in UK and adjacent waters: current and potential 
uses of Atlantic Research Coalition (ARC) data. Report for the JNCC., Aberdeen. 
2 Marini L., Consiglio C., Angradi A. M., Catalano B., Sanna A., Valentini T., Finoia M. G. and Villetti G. (1997). Distribution, abundance and seasonality of cetaceans sighted during scheduled ferry crossings in the central 
Tyrrhenian Sea: 1989-1992. Italian Journal of Zoology, 63, 381-388. 
Monestiez P, Dubroca L, Bonnin E, Durbec JP, Guinet C (2006). Geostatistical modelling of spatial distribution of Balaenoptera physalus in the Northwestern Mediterranean Sea from sparse count data and 
heterogeneous observation efforts. Ecological Modelling 193 615–628  
Cotté C, Guinet C, Taupier-Letage I, Mate B, Petiau E (2009). Scale-dependent habitat use by a large free-ranging predator, the Mediterranean fin whale. Deep-Sea Research I 56: 801–811 
3 Viddi F.A., Hucke-Gaete R., Torres-Florez J., Riveiro S. (2010). Spatial and seasonal variability in cetacean distribution in the fjords of northern Patagonia, Chile. International Council for the Exploration of the Sea. 
Oxford Journal. 
Correia, A. M., Tepsich, P., Rosso, M., Caldeira, R., & Sousa-Pinto, I. (2014). Cetacean occurrence and spatial distribution: Habitat modelling for offshore waters in the Portuguese EEZ (NE Atlantic). Journal of Marine 
Systems. 
4 Arcangeli S., Aissi M., Atzori F., Azzolin M., Campana I., Carosso L., Crosti R., David L., Di Meglio N., Frau F., Garcia Garin O., Giacoma C., Paraboschi M., Pellegrino G., Rosso M., Roul M., Sarà G., Scuderi A., Tepsich 
P., Tringali M., Vighi M. (2019). Fixed line transect mediterranean monitoring network (FLT Med net), an international collaboration for long term monitoring of macro-mega fauna and main threats fixed line transect 
mediterranean monitoring network. Biol Mar Mediterr, 26 (1): 400-401 
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2. Methodological approach for visual monitoring along fixed sampling
transects

The surveys involve systematic monitoring along fixed routes (sampling transects) which are 
repeatedly surveyed, with a predetermined range of platform types and speeds. The observation 
platform used is a large vessel (e.g., ferry) that allowed constant offshore monitoring in all the 
seasons. Data on meteorological conditions, cetaceans, sea turtles, other marine macrofauna in 
addition to maritime traffic and floating marine macro litter (FMML) are recorded by experienced 
Dedicated Observers (DO). 

2.1. Assumptions 

A summary of the covariates that can have an influence on the detectability of animals within time 
and space is summarized in Table 1, together with suggestions for settings tested within different 
conditions during previous experiences (e.g., FLT Med Net). 

Parameters Potential effect Correction 
Density gradient Transect design perpendicular to any density gradient (e.g. 

migratory movements, main current regimes, coastal-offshore 
habitats) for most of the transects.

Meteorological 
condition 

Change with sea state beyond 3 Beaufort 
scale.

Effort only under Beaufort scale ≤3 (≤2 for marine litter). 

Speed, type of 
ferries

Results show no significant change in 
sighting rates within a range of speed (17-
27kn) and type of ferries.

Grouping of types of ferries with the same characteristics. 

Experience of 
observers

A 50% difference in sighting rates 
between experienced and inexperienced 
observers was detected.

Only appropriately experienced and trained observers are used in 
the program.

Distance Detection probability changes with 
distance, and between species.

Estimation of effective strip width is undertaken for a single 
species/type of ferry, but it is constant between time and space.

Estimated distance Error or imprecision in estimation / 
measure.

Use of tools to measure, no estimation. Preliminary training for the 
observers using fixed points at a known distance to calculate 
personal error in the use of different methods to measure distance 
(e.g., measuring stick, graduate binoculars, clinometer).

Recount of animals Error in sightings, double count. Angle of observation 130° ahead each side; communication at 
each sighting between observers; analysis of correlation between 
outbound and return between two consecutive runs.

Species and group 
identification

Misidentification and precision of counts 
can potentially change with the 
experience of the observers.

Only trained experienced observers are used in the program; photo 
taken, when possible, to confirm species identification and group 
size; discussion and agreement between observers.

Responsive 
movement of 
species

Change of the g(0); may lead to under- or 
over-estimation of animals.

Limited by the range of speed of the vessels and the angle of 
observation.

Typing and 
transcription errors

Errors. Use of dedicated application; validation by an independent expert 
after data collection.

Table 1 Possible parameters affecting the detectability of animals and correction applied by the FLT Med Network. 

2.2. Advantages of the method 

In particular, the use of sampling fixed transects: 
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(1) enables extensive seasonal/year-round survey effort over a large spatial scale at low cost, (2)
makes it possible to repetitively survey offshore areas difficult to reach using standard research
vessels, (3) increases the precision of annual abundance estimates due to monthly repeat sampling,
(4) increases statistical power to quickly detect long-term trends due to a time-series of annual data,
(5) reduces bias due to spatial heterogeneity by repeatedly sampling the same transect,  and, as
the physiographic variables are fixed, allows the investigation of relationships between cetacean
occurrence and temporal environmental or anthropogenic variables (e.g. SST, Chl, maritime traffic);
(6) allows for collection of associated oceanographic or anthropogenic parameters (e.g. maritime
traffic, marine litter) as well as data on other taxa (e.g. seabirds, other macro-fauna), (7) enhances
the opportunity to detect rare species/rare events, (8) provides an indication of important areas and
seasons of concentration for specified species, (9) provides significant opportunity to enhance
networking among scientific organizations and collaboration with other organizations such as the
ferry companies (10) has the potential for building significant communication actions to involve the
general public in the work of cetacean researchers.

Main advantages are: 
● Sustainable, long-term monitoring program
● Consistency over space and time
● Repeatability and replicates all year round (also in seasons when data are scarce)
● Large geographic scale (including high sea areas)
● Simple standard common protocol
● Multidisciplinary data collection
● Facilitate collaborations among different organizations (research institutions, ferry

companies, institutions with different missions)
● Potential for increasing awareness on sea life conservation
● Cost-effectiveness

3. Protocol for visual data collection

3.1. Metadata, target species and objects 

Before the beginning of the work, the metadata of each trip are recorded: name of the ship, height 
of the platform of observation (command deck), date, names of observers and code of transect. The 
transect code must be structured in 4 capital letters corresponding to the route abbreviation (the 
1st or the 1st and 2nd letters refer to the port of departure and the rest to the port of arrival, e.g., 
Civitavecchia-Barcelona → CBAR, Cagliari-Palermo → CAPA, Palermo-Tunisi → PATU, etc.), and in 
the number of the transect separated by an underscore (CBAR_0001, CAPA_0071, etc.).  
The monitoring is a multi-target and multi-taxon survey. It targets mainly cetaceans and sea turtles, 
but also other megafauna (rays, sharks, specific seabirds, jellyfish), human activities such as marine 
traffic (vessels) and floating marine macro litter (FMML). The metadata also include information if a 
dedicated protocol is followed for the additional data (i.e., other species, sea bird, marine litter etc.). 
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3.2. Experience of observer 

Only experienced Dedicated Observers (DOs) are involved in the study to avoid bias due to 
differences in detectability. There are at least three stages for the observers: senior, experienced, 
in training. There is not a comprehensive method to evaluate the experience of the observers as it 
depends on a mix of personal characteristics, previous experiences, number of surveys already done 
specifically on ferries, and number of different species and in different conditions already sighted. 
So, the experience of the observer in training is established by the senior, who has the responsibility 
to decide the stage of the experience of the specific observer. The observer team encompasses at 
least one senior and maximum one in training. 

3.3. Placement of observers aboard the ship 

Dedicated Observers are located on the command deck of ferries, on both sides and collect data 
continuously. DOs rotate side each 1-2 hours. 

3.4. Methods and area of search 

Several protocols are implemented in parallel, listed below and detailed in the next paragraphs. 

1) Standard line transect in passing mode:
a. Cetaceans, sea turtle and other megafauna records (including two birds

species of conservation interest C. diomedea and P. yelkouan) are collected using the
standard line transect method in “passing mode” (continuous search effort,
with schools or animals not being approached);

b. Maritime traffic in situ data are collected following a ‘random/control’ approach,
counting all vessels by typology within a systematic scan sampling of 360° of the
horizon at regular random points along the transect (in absence of sightings) and at
each cetacean sighting. Report of collision or near collision events are also
standardize.

2) Fixed strip-width:
a. Floating marine macro litter (FMML) data are collected using the fixed strip-

width transect method with a 50 m strip width, based on the MedSealitter and JRC
protocol.

b. Sea Turtles records are also collected under the fixed strip-width transect monitoring
of Floating Marine Macro Litter (see below) to take into account sea turtle
detectability;

3) Seabird data on all the species are collected within a systematic protocol under development
based on fixed strip-width transect (not included in this document).
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At least two DOs are dedicated to the standard line transect monitoring on each side of the command 
deck, while one observer is dedicated to implement the strip-transect protocol on one side of the 
ship, in order to collect data on FMML and marine turtles. 

3.5. Frequency of sampling/trip 

The number of surveys could vary for each ferry route, according to ferry-company schedule, 
duration of the trip and general logistic organizations but should at least assure one survey per 
month. Five surveys for each season with at least one each month are required. The term “Season” 
is intended as the entire three-month period (i.e., Summer: from the end of June to the end of 
September).  
The trip is scheduled upon an agreement with the ferry company and according to the company 
requests. Generally, the proposed calendar is mailed directly to ferry companies or through ISPRA 
at the latest 15 days before the first trip of the season (especially for the summer season) or 5 days 
before the trip for the other seasons.  
Data collected are stored in a personal storage by the organization and uploaded in the shared ISPRA 
DB at the end of each season (e.g., by the end of October for data collected during summer season). 

3.6. Effort data 

All data concerning ferry track (position, speed and route) are recorded by the GPS all along the 
ferry route. GPS resolution should be set as the best possible resolution according to GPS memory 
capacity and trip duration. Associated local hours of the departure port are also recorded in the 
datasheet or in the App to be referenced with the UTC hour recorded by the GPS. In case of problems 
with the GPS, coordinates of marked points along the transect are recorded at least each 20 minutes 
and each time the route is changed. No coordinates are manually inserted in other cases, in order 
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to avoid transcription errors. Standard designation of waypoints (GPS position), that should be 
recorded, is presented in the ANNEX VI of the Guidelines. 

4. Standard line transect in passing mode for cetaceans, sea turtle, macro
fauna and maritime traffic data collection

Considering cetaceans, other megafauna and marine traffic, two or three observers are 
applying the line transect method, with at least one of them positioned at each side of the 
lateral wings of the ferry command deck and scanning the 270° ahead of the vessel 
(approximately 130º from the bow towards each side of the ship); the back of the route is scanned 
only occasionally to avoid risk of recounting of animals. Continuous scanning of the entire area 
of search is made by naked eye, and periodically with binocular scans. It is preferable that the 
binoculars used are fitted with a compass and a reticular scale, and have a magnification of 7x50. 
All data can be collected by means of electronic dedicated applications or data sheets, assuring that 
all data about weather, sightings, maritime traffic and other species are collected in the agreed 
standard way. 
Data on meteorological conditions are collected in the ‘weather conditions data sheet’ (see 
Guidelines) at the beginning of the “on effort” period, at the end and each time a change occurs. 
Data on meteorological conditions is recorded by one of the DOs for both sides of the command 
deck. 
Wind and Sea conditions are based on the standard Beaufort scale definition and put as “sea 
state” within the sheet. The cloud coverage is recorded as % of covered sky. If there is any rain, 
its type should be recorded (mist, fine, drizzle). The visibility is noted, from optimum (clear 
visibility up to horizon) to scarce (⅓ of the search area is not visible). Data could be collected 
under all weather conditions even if only data collected in good weather conditions (Beaufort ≤ 3) 
are used for the analysis. 

4.1. Sighting data of cetaceans 

During sightings, data are collected on the “cetaceans sightings data collection sheet” (see 
Guidelines). For each sighting, the time, GPS code, side of sighting, observer’s name, species, 
number of individuals, presence and number of juveniles, linear distance from the ship, angle 
between the detected group and the ship bow, direction of swimming, response to ship, surface 
behaviour are recorded. Sightings are noted by one of the DO avoiding double counting of same 
group of animals (e.g., large group sighted on both side of the command deck). Also, communication 
between observers when a sighting occurs is due to avoid double counting. A sighting done by a 
crew member or an observer under training or people other than DO is recorded only if confirmed 
by the senior DO. 
Count for number and type of vessel around the observation ferry is performed at each cetacean 
sighting and reported on the 'naval data collection sheet' (as explained below). In case of consecutive 
and very close sightings, naval must be repeated only if detectable changes occurred.  
Coordinates of sightings are marked in the GPS and the GPS code reported in the data sheet (see 
ANNEX VI for more detail on the GPS settings). 
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4.1.1. Species identification, group size, behaviour of individuals 

The identification of the species and approximate count of individuals are the minimum information 
that should be collected during a sighting. Common practice is that either the same or a second 
researcher use binoculars or photographic cameras to confirm sightings and assess species and 
group size a posteriori. Where species identification cannot be confirmed, sightings are either 
downgraded to unidentified dolphin/whale or unidentified small/large cetaceans or left in the 
unidentified category. When it is not possible to determine the exact number of individuals, a 
minimum and maximum number of animals are registered, as well as the most probable number of 
individuals according to the observer´s perception (best estimate).  
If mixed species are sighted in a single group, it will be recorded as a single sighting and all species 
are recorded. If multiple groups of the same species are simultaneously recorded over a large area, 
they will be recorded as a single sighting if they are assessed to be “sub-groups” (according to the 
definition of group).  
Further information regarding the general behaviour of the species is collected, often classified in 
categories, such as travelling, resting, socializing/playing, and feeding/foraging (e.g., Alves et al, 
20185). The group composition (i.e., presence of young individuals) and the response of the animals 
towards the ship are also registered (i.e., indifferent, escaping or approaching), as well as, for 
travelling animals, information on the direction of the group and swim speed. 

4.1.2. Distance and angle measurements 

Data on radial distance are measured using either a rangefinder stick or a binocular with reticle 
rangefinder, and the angle between cetacean sighting and the bow of the ferry is measured using a 
compass or a protractor/goniometer). Distance and angle annotated refer to the first animal/s 
observed. 
The maximum range considered for cetacean sightings is of approximately 4 km from the ship, as 
only large whales can be detected at a further distance (Arcangeli et al., 2014, 2017; Morgado et 
al., 2017)6. 

4.2. Sighting data of marine turtle 

Marine turtles are considered a high priority, and systematic data on their presence is collected 
according to the fixed-strip width methodology by the observer dedicated to marine litter monitoring, 
when present. The observer, positioned on the side of the command deck with the best visibility, 
scans with naked eye a 50 m wide strip and records all turtles encountered within it. Information on 
the estimated size of the turtles, their behaviour, life stage and interaction with litter is collected. 
During the cetaceans and other species survey, also individuals sighted outside the monitoring strip 
are noted, with all the associated information detailed in the ‘Sea turtles and other species sightings 
datasheet’ (see Guidelines). 

5 Alves, F., Ferreira, R., Fernandes, M., Halicka, Z., Dias, L., & Dinis, A. (2018). Analysis of occurrence patterns and biological factors of cetaceans based on long‐term and fine‐scale data from platforms of opportunity: 
Madeira Island as a case study. Marine Ecology, 39(2), e12499. 

6 Arcangeli, A., Campana, I., & Bologna, M. A. (2017). Influence of seasonality on cetacean diversity, abundance, distribution and habitat use in the western Mediterranean Sea: implications for conservation. Aquatic 
Conservation: Marine and Freshwater Ecosystems, 27(5), 995-1010. 
Morgado, C., Martins, A., Rosso, M., & Tepsich, P. (2017). Fin Whale presence and distribution in the pelagos sanctuary: temporal and spatial variability along 2 fixed-line transects monitored in 2009-2013. Int. J. of 
Marine and Environmental Sciences, 1(1), 1-14. 
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In case of contemporary monitoring (cetacean and other species, and FMML monitoring) all marine 
turtle recorded within the FMML monitoring are ‘copied’ in the general ‘Sea turtles and other species 
sightings datasheet’ compiled within the general cetacean and other species monitoring. 

4.3. Other species 

4.3.1. Sea birds 

Two species of seabirds, selected by considering their priority for conservation purposes, 
Yelkouan/Levantine shearwater (Puffinus yelkouan) and Scopoli's Shearwater (Calonectris 
diomedea) are recorded within the general ‘cetacean and other species’ monitoring. 
A specific protocol for recording all seabird species is under development based on a fixed-strip 
width approach and will be performed by a dedicated observer. 

4.3.2. Other megafauna 

Opportunistically data on the species listed in the ANNEX V of the Guidelines are also collected as 
presence-only information; this include five types of large fish, and jellyfish, for which identification 
at the specific level is recommended but not always required. 
Jellyfish data are also systematically recorded within the fixed-strip monitoring performed for 
Floating Marine Macro Litter. Data regarding these species are collected using a dedicated form, 
which includes fields similar to the data collection form for cetaceans. For species usually observed 
in large groups, groups are categorised into small (<10 individuals), medium (10- 100), and large 
(>100). 

4.4. Maritime traffic 

Within the FLT Med Net, a sampling protocol was specifically designed and is applied to all transects 
to provide real-time information on maritime traffic in the presence and absence of cetaceans. 
Sampling maritime traffic is carried out by counting all vessels visible by eyesight all around the ferry 
at the beginning and end of the survey effort, each time a cetacean sighting occurs (record in 
presence of cetaceans), and at approximately every hour (minimum distance of 45 minutes or 10 
NM) throughout the transects when animals are not sighted (random record at approximately every 
hour along the transect in absence of cetaceans). To avoid replication, a minimum interval of around 
15 min is defined between presence/random records to exclude re-sampling of the same vessels. In 
case of two very close consecutive cetacean sightings, information on marine traffic must be 
collected only if detectable change in the composition of vessels occurred; in case of two close 
sightings involving one rarer species (e.g., pilot, sperm or Cuvier’s beaked whales, or Risso’s 
dolphin), the traffic data should be primarily collected concurrently with that sighting. Under positive 
effort conditions, all the vessels up to the horizon are counted (about 18 km distance, calculated 
with onboard instruments), to include both vessels within the range of detection of cetaceans and a 
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buffer of potential influence, given that ships can cause physical and acoustic disturbance over a 
large scale. Vessels are divided into close (2nm from ferry) and far (> 2 nm from ferry) and classified 
as Small (<5m), Medium (between 5m and 20m, distinguished in: Motor, Sailing, Fishing), and big 
(>20m, such as cargos, tankers, passenger ships).  

4.5. Collision and “near miss event” 

Particular focus is given for recording possible events of collision or near collision in order to 
contribute to the comprehension and the definition of mitigation measure for ship strike. In case of 
collision or near-collision are clearly reported with details of the dynamic of the event. Is considered 
“near collision” when the animal is sighted at a minimum distance of 50 m in front of the bow and 
25 m on the side, unaware of the approaching ship, so not taking into account species that usually 
show an approach behaviour (e.g., bow-riding dolphins). The behaviour of the animals is an indicator 
DOs are required to warn ferry’s crew about cetacean presence in order to avoid ship strikes. Data 
on collision events need to be collected also concurrently with sea turtle sightings; although for them 
a slightly different assessment is done considering a “near collision event” when the animal is taken 
by the boat vortex but remains floating on the side, and a “likely collision event” when the animal 
disappears under the bow and doesn't emerge behind. 

5. Fixed strip-width for Floating Marine Macro Litter monitoring

Floating Marine Macro Litter monitoring from large vessels is based on the MEDSEALITTER/JRC 
approach (see for details). The monitoring is performed on a fixed-strip width, of 50 m defined at 
the beginning of the effort, and every litter item detected within this strip is recorded by a dedicated 
experienced observer according to the Joint list categories (2021). Litter monitoring should be 
performed from the side of the navigation bridge with better visibility and in the vicinity of the bow 
to avoid the turbulence generated by the bow itself and only in optimum weather conditions (≤2 of 
the Beaufort scale). 
The observer records the GPS coordinates, size class, colour, category of each item larger than 20 
cm detected within the defined strip according to the definition of the JRC/Medsealitter protocol. 
Details of the protocol and tool (e.g., how to measure the strip width) are given in the 
MEDSEALITTER final protocol and in Arcangeli et al. 20217 and in the Guidelines. 

7Arcangeli, A., Aissi, M., Atzori, F., Azzolin, M., Campana, I., Carosso, L., ... & Vighi, M. (2019). Fixed line transect mediterranean monitoring network (flt med net), an international collaboration for long term monitoring 
of macro-mega fauna and main threats fixed line transect mediterranean monitoring network. Biol. Mar. Mediterr, 26(1), 400-401.  
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6. Tools, apps and common shared database

Data are collected through datasheets and mobile apps. A dedicated App is under development to 
support the consistent collection of all data, avoiding typos or incongruence problems. In particular, 
the Networking with the IMPEL MTT 2022 will deliver a dedicated APP specifically designed for the 
fixed line visual data collection from ferries. Other practicalities for data collection are specified in 
the Guideline for data collection. 

6.1. Data quality control, storing and accessibility 

Data for each ferry trip are stored in the “Data storing” files as .SHP and excel. After being collected 
in the field, data are usually first stored in individual project-based repositories or national databases. 
Indeed, separate databases are kept by each institution involved, and then combined in the common 
shared database for the purpose of large scale/regional analyses. 
Data are shared also through large scale or regional repositories such as: GEOOS, EMODnet, the 
European Marine Observation and Data Network (https://emodnet.eu/en), OBIS SEAMAP, the Ocean 
Biogeographic Information System Spatial Ecological Analysis of Megavertebrate Populations 
(https://seamap.env.duke.edu/), INTERCET is a Mediterranean Web-GIS platform (www.intercet.it). 

6.2. Common shared database 

During the first 9 months of the Life CONCEPTU MARIS, a common geodatabase was built based on 
the fields and baseline structure of the previews collected data of the FLT Med Net. These data are 
now available for the analysis performed within the CONCEPTU MARIS Project, encompassing the 
entire dataset collected by the FLT Med Network since 2008. Each partner of the Network is 
responsible for data collection and data storing, using a common and shared template.  
After a two-step validation process performed by the organizations in charge for collecting data and 
by an independent validator, all data are stored in the common Geo-Database (Biodiversity DB) in 
ISPRA. The system hosts the infrastructure is the National Biodiversity Network and will comply with 
OGC and INSPIRE standards for the geographic component, and Open-API standards for aspects 
related to interoperability. 
The following figures show four screenshots of the shared Geo-database: 

https://emodnet.eu/en
https://seamap.env.duke.edu/
http://www.intercet.it/
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The Database structure was designed as a relational database, with different tables all connected 
through common fields. Specifically, all data are related according to: 
• COD_Effort, unique code identifying a survey
• Date
• Time effective, identifying the local time of the port of departure.
The final databases foresee ‘data’ tables, that will be updated constantly by data provider with the
new datasets, once checked, and ‘info’ tables, which contain static information regarding as an
example the data provider, the features of the ferries etc.

The data table are as follows: 
Table name Description Data stored 
Main Data General data referred to 

each survey trip 
Cod_Effort, Outbound/Return, Date, ship, Observers, Data 
collected (cetacean, associated species, naval traffic, litter, 
eDNA) 

Track Track of ship used for 
the monitoring 

COD_Effort, Date, Time, Lat, Lon, Speed, Heading 

Weather Weather data COD_Effort, Date, Time, sea state, wind speed / direction / 
state, rain, visibility, cloud cover 

Naval Traffic Presence of naval traffic COD_Effort, Date, Time, number of vessels according to 
dimension/type and distance from monitored area 

Sightings Data on cetacean 
sightings  

COD_Effort, Date, Time, distance sampling data, species, 
behavior, response to ship, collision events  

Cc Data on sea turtles 
sightings 

COD_Effort, Date, Time, distance sampling data, species, 
behavior, response to ship, collision events 

Sightings_os Data on associated 
species 

COD_Effort, Date, Time, distance sampling data, species, 
behavior, response to ship, collision events 

The Info tables are as follows: 
Table 
name 

Description Data stored 

Provider Info on data provider and funding of the 
monitoring 

CODEffort, contact of data provider, funding, 
project name 

Ship Data on ship used for the monitoring Name, company, height of deck 

After completing the final check and correction on older dataset the common shared Database will 
be released and made available for consultation / data download to specific users. 
Further steps will include: 
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- Brief course to data provider on data check, data preparation and data upload to the new
database

- Brief course on data visualization and data download
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1. Introduction

1.1. Environmental DNA sampling from operating vessels 

The detection of genetic material left by organisms in the environment (environmental DNA, eDNA) 
has rapidly grown as a tool for monitoring aquatic animal communities. The possibility to 
simultaneously identify multiple taxa within a single seawater sample (metabarcoding), allows to 
detect the composition of the biological communities inhabiting or crossing the sampled area.  
Currently the real challenge is reaching sampling spots, as it is often economically/logistically 
infeasible to collect samples from everywhere across large geographical scales. Commercial vessels, 
such as ferries, typically follow specific shipping routes covering large spatial scales, making them 
effective platforms for replicable sampling transects. Preliminary studies have proved both its 
feasibility and accuracy for assessing biodiversity indexes (Valsecchi et al. 2021, Boyse et al. 
submitted). Water samples can be collected from the ferry engine room, via a derivation pipe 
intercepting marine cooling water upstream of the engine. 

1.2. BAG-IN-BOX Sampling system (BiBSS) 

Each sample consists of 13 litres of seawater collected from each sampling site and decanted directly 
from the derivation pipe into sterile foil laminated plastic “Bag-in-the-Box” (BiB) containers until 
sample processing (see below). The characteristics and advantages of the Bag-in-Box Sampling 
System (BiBSS) are illustrated in the work by Valsecchi et al, (2021) and are reported also here in 
Figure 1 for convenience. 

2. Sampling design

2.1. Sampling regime 

The kind of sampling regime adopted in the CM project is twofold: the samples are taken both in 
fixed sampling stations (FSS, see below) and on the occasion of the sightings of cetaceans apart 
from bottlenose, striped and common dolphins and fin whale reported by the visual census team 
(FLT team) especially if the sighting occurs not close to one of the prefixed FSS. The samplings 
carried out in conjunction with the sightings, will necessarily all be diurnal. 

2.2. Selecting fix sampling stations (FSS) 

Fix sampling stations are identified beforehand and agreed with the entire working team. The 
selection of the geographic positions where establishing FSSs, the fix-sampling stations invariable 
over cruises, should aim at: 1) sample spots of biological interest based on previous 
observational/literature data; 2) prioritize points on bathymetric maps indicating habitat changes 
(e.g. edge of continental shelf); 3) select roughly equidistant sampling sites (about 35-45 nautical 
miles apart) along the designated shipping lanes, in such a way of both covering the whole route 
and foreseeing the collection of night samples too. For the same reason, in order to sample adjacent 
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points at different time of the day, it is recommended to number the stations following the sampling 
chronological order, meaning that on the map they will not appear in a consecutive order. For 
example, if 6 fix sampling stations (FSSs) are selected, and 3 will be sampled on the outward journey 
and 3 on the return journey, the order along the route, on the map, will be: PortA-FSS6- FSS 1-FSS 
5-FSS 2-FSS 4-FSS 3-PortB, with the three underscored sampling stations surveyed in the return
journey (see Figure 2).
Note that each single FSS has a unique number. In other words, no FSS shares the same
identification number. Numbering is assigned the first time an FSS is sampled and consecutive
numbering will follow. Therefore, at the end of the project, low-numbered FSSs will be those that
have been tested for several years or for which the oldest data are available.

2.3. CONCEPTU MARIS Samples’ ID code 

In consideration of the large number of samples collected during the study and their subsequent 
long-term storage in the Marine eDNA Bank (MeDB), each sample collected must be labelled with a 
unique alphanumeric identification code. It is necessary to make a distinction between samples taken 
in fixed sampling stations (FSS) and those collected in conjunction with a sighting. 

FSS samples 
FSS samples are coded according to the following model: 

year-cruise number/route abbreviation/sample’s progressive number 
YY-nROUTEx 

(example: 21-3LiGA4) 

where: 
 YY= Year’s last two digits (es. year 2021 is abbreviated as “21”)
 n= Cruise number, i.e., the consecutive number referring to the number of times that specific

route was sampled that year (in the example, the third cruise of the LiGA route sampled in
2021)

 ROUTE= Route/loop abbreviation, i.e., 4-letter code, indicating the first two letters of the
port of departure and the first two of the port of docking (e.g., route Livorno-Golfo Aranci =
LiGA, route Palermo-Tunisi = PaTu, etc.) for route abbreviation. The code remains
unchanged for samples collected in the return trip (therefore, for example, the samples taken
in the lap from Golfo Aranci to Livorno will still be labelled as “LiGA” samples). In the case of
loop (as the Multidisciplinary Transect Loop, used to cover the Core Area) the initials of the
loop (e.g., MTL) are used instead of the route abbreviation.

 x = Sample’s progressive number. Here In the first case this sample identification number
coincides with the FSS number (in the example, 21-3LiGA4 indicates a sample collected in
FSS #4).

Sighting samples 
In the case of sighting of any cetacean species except for bottlenose, striped and common dolphins 
and fin whale, additional water samples will be collected from the engine room.  
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The code used to designate these extra samples will be as follow: 

year-cruise number/route abbreviation/sample’s progressive number 
YY-nROUTExS, FSS+/- 

(example: 21-3LiGA1S, 4+) 

where: 
 YY = year
 n = progressive number of that specific route/loop for that year
 ROUTE = abbreviation for the route/loop
 x = progressive number of sightings for that specific sampling cruise
 S = designate a Sighting related sample
 FSS+/- = it indicates the most proximate FSS (Fix Sampling Station) either preceding (+) or

following (-) the site of the sighting.
 So, the example “21-3LiGA1S, 4+“ would indicate the 1st sample taken during a sighting

in the third cruise LiGA of 2021, occurred immediately after having crossed FSS#4.
 It would be desirable for the same sample identification code to be shared among the

research partners and be annotated in the visual log sheet.

3. Gear preparation before getting on board

3.1. Bag preparation (in the laboratory) 

Bag-in-Boxes must be prepared in the laboratory, under the hood, before boarding. The three 
openings (on the bag, part of the cap that closes the bag and outlet from the tap) must be sealed 
with PARAFILM® sealing film (Figure 3). The bags, with the cap detached and sealed inside, should 
be rolled up tightly and closed with an adhesive tape to prevent reopening during transportation 
(Figure 3). This operation must be performed making sure not to let air into the bag during the 
aforementioned sealing maneuver, both for: a) avoiding possible contamination carried by the air 
entering the bag and b) preventing the folded bag becoming bulkier (if it contains air). 

3.2. Check list (before leaving the lab) 

Annex 1 shows the check-list for the items to be taken on board for both sample collection and 
sample filtration. Each item and its use will be explained in the following sections. It is advisable to 
print a copy of the annex and fill it in before departure for the sampling campaign. 
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4. On the ferry

4.1. Coordination with crew members and FLT Visual Team 

As soon as on board, share the selected sampling points with the captain and his crew so that the 
times when the ferry will be closest to each point selected as a "Fix Sampling Station" will be 
indicated. Note: this is extremely important especially the first time a certain route is sampled, but 
also in subsequent cruises, as the ferry never passes exactly on the same point, so the exact 
coordinates of each seawater sample collection must be corrected after the actual sampling. The 
exact sampling interval is the most important data for a faithful identification of the sea area affected 
by the sampling. For this purpose, it is useful to share a printed map of the rough points that we 
intend to sample as soon as we get on board (at least in the first sampling cruise on a specific route). 
Annex 2 shows an example (core areas sampling) of the map that should be shared and compiled 
by/with the crew members. 
N.B. do not forget to deliver the refrigeration blocks to the on-board attendants to put them in the 
freezers so that they are ready and frozen for the moment of disembarkation, to allow a cool 
transportation of the filters to the laboratory (this procedure is not necessary if the filtering does not 
take place on board the ferry). 

4.2. Forms to be filled in 

Annex 3 shows the sample collection/filtration sheet to be completed on board in all its parts. 
For the part relating to the collection of the sample (green), the start and end time of the seawater 
sampling from the engine room must be entered. In a second time, after a comparison with FLT 
members, the geographic coordinates relative to the beginning and end of the sampling will be 
entered, and the length of the sampled sea segment will be calculated. 
As regards to the part relating to filtering (blue), it will be indicated whether filtration occurs on 
board or later on land: filtering times will be indicated for each of the 3 filters. 

4.3. Water sample collection (in the engine room) 

Bring all necessary gear (first part Annex 1 check list) to the engine room. Figure 4 shows the phases 
of seawater sample collection: 

1. get to the engine room 15 minute before planed sampling time;
2. sterilize the area where BiB are handled;
3. open the dedicated pipeline for collection of sea water samples, and let the water run for 5

minutes (and the water is disposed) before the actual withdrawal (Figure 4A);
4. write on the BiB with the permanent marker:

a) the identification code of the sample (see above section 5) on both side of the BiB
(important especially if the BiB are not processed straight away on board and are
filtrated on land);

b) the date;
c) the exact time of starting filling the BiB;

5. wear gloves and surgical mask
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6. remove the PARAFILM® sealing film from the opening of the BiB and start filling it, until
completely full (about 13 litres) (Figure 4B);

7. when the bag is nearly full, remove the PARAFILM® sealing film from the lid, but NOT from
the tap opening: the PARAFILM® sealing film has to be maintained around the tap safety
secure (red plastic tab) until filtration! (Figure 4C);

8. take note of the exact time when the sample collection is completed (later it has to be
reported with permanent marker on the BiB);

9. the BiB is closed with the lid;
10. press tightly the lid on the opening of the BiB until the second stop (second “click”);
11. write with the permanent marker on the BiB the exact time when the sample collection is

completed;
12. transfer the filled-in BiB to the storage room or to the filtration cabin;
13. report ALL DATA on the sample collection/filtration form (Annex 3).

5. Seawater sample filtration

5.1. Introduction 

Preferably the water contained in the BiB bags should be filtered immediately after collection, also 
to facilitate the sample transportation and avoid the displacement of bulky water samples. However, 
if this is not possible, a sample storage time of up to 3-4 weeks between collection and filtering 
seems to be well tolerated, provided that the BiBs are kept in a fresh place and away from exposure 
to the sun during transport. It is important to note that water samples should never be frozen to 
avoid breaking of cellular components that would result in the release of extracellular DNA which is 
more easily lost in filtration. 
Despite many marine eDNA studies rely on small-volume seawater samples (e.g., 1 litre), we opt to 
filter large volumes (12L) of marine waters (up to reach the membrane saturation), in order to retain 
as much eDNA as possible, both to allow a greater number of current and future (storage of the 
samples in the MeDB, Marine eDNA Bank) analyzes. The whole volume is aliquoted in three 4-litres 
subsamples, each filtered through one filtering membrane. Such a volume is however variable, 
depending on seawater density/productivity (e.g., day-time samples saturate the filters quickly, 
being rich in phytoplankton). In these cases, filtration should be interrupted when the membrane 
reached saturation (i.e., no more water is passing through the filter despite the vacuum negative 
pressure), and the number of processed litres should be reported on the log sheet (Appendix 3). 
According to our experience, maturated in a pilot study (Valsecchi et al. 2021) and in the analysis 
carried out in controlled environment (Valsecchi et al. 2020), we suggest the processing of 4-5 litres 
of marine water per filter. 
In our pilot study we did not find any significant difference between the three tested NC 
(nitrocellulose) filter types with porosity 0.22 μm, 0.45 μm, 0.8 μm (Valsecchi et al. 2020, 2021). 
However, we suggest to exclude the 0.22 μm pore-size membrane, as filtration is very slow, and 
saturation is normally reached at the 2nd or 3rd litres, without providing a better quantity/quality 
eDNA. Between the two remaining filter types, we recommend the use of 0.45 μm pore-size 
membranes, in order to retain the smallest biological particles. 
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Sample replicas are necessary for both a) increase the total amount of eDNA retrieved from each 
single sampling station (useful for future analyses) and b) reduce the false positive and negative 
rate inbuilt in the metabarcoding technique. Thus, a minimum of 3 replicas per station is advisable. 
This is why we collect a total of 12-13 litres (single BiB capacity) from each sampling station.  

5.2. Getting ready 

In the provided space dedicated to filtration on board, get prepared with everything you need listed 
in the second part of the checking list in Annex 1 and assemble the filtering system as shown in the 
Figure 5. Prepare the filtration cylinder (BioSart® 100 filtration system, Sartorius) as shown in 
Figures 6 and 7. 

5.3. Filtration on board 

Before starting the filtration, remember to fill-in the sample collection/filtration data log (Annex 2). 
This is necessary both to keep track of the number of litres processed and to measure the filtering 
time (indicative of the amount of particulate in the sample). As soon as the vacuum pump is 
activated, start the timer to measure the filtering time of the first litre. 
When the level of the filtered water inside the flask reaches the 1-litre level mark, turn off the 
vacuum pump and stop the timer, reporting the filtering time value on the data log. Empty the flask 
and start again with filtering the second litre and repeat the operation until the 4th litre is completely 
filtered. 
At the end of the fourth litre, the filter (filter A) is recovered from the cylinder as shown in Figure 8, 
and stored in the onboard freezer until disembark. A new filter (filter B) is mounted inside the 
filtration cylinder to process from the 5th to the 8th litre of sample. Figure 9 shows how. The same 
operation must be repeated for filter C (from 9th to 12th litre of the sample).  

5.4. Filters’ storage and transportation 

Just prior to disembarkation, collect the samples from on the board freezer and prepare them for 
transport at low temperatures, as shown in Figure 10. If the samples were not filtered on board, the 
seawater bags are best preserved if kept vertically with the cap held on the top side, supported in 
pairs inside shopping bags inside plastic crates to facilitate transport Figure 11). 
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Figure 1 Advantages of the Bag-in-Box Sampling System (BiBSS) in marine eDNA surveys. 
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Figure 2 Example of Fix Sampling Station choice and sequence of selected points. 
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Figure 3 Bag-in-Box preparation. A) Bags as delivered by supplier; B) detail of lid on the bag when delivered; C) open 
the lid for wrapping all opening with PARAFILM® sealing film; D), E) and F) detail and order in which all the three 

opening should be sealed with PARAFILM®; H) how the three opening should be sealed before wrapping the bag; G) 
cover completely the red secure system, as this part needs to be protected from sample collection to sample filtration; I) 

way to place the two component (bag opening and lid), before wrapping up the bag; L) way the wrapped bag should 
look like; M) series of BiB ready to be boarded, 16-25 bags should be prepared per cruise. 
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Figure 4 Phases of seawater sample collection in the engine room. A) Dedicated pipeline for collection of sea water 
samples: the tap is opened and the water is run for 5 minutes (and the water is disposed) before the actual withdrawal; 
B) when the bag is nearly full the PARAFILM® sealing film is removed from the lid; C) the BiB is closed with the lid; D) 
note that the PARAFILM® sealing film is not removed from the tip until filtration; E) press tightly the lid on the opening 

of the BiB until the second stop. 
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Figure 5 BiB preparation for filtration. 
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Figure 6 Preparation of the filtering cylinder.  
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Figure 7 Filtering cylinder isolation. 
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Figure 8 Processed filter recovery. 
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Figure 9 Replacing a new filter.  



34 

Figure 10 Filters storage and transportation. 
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Figure 11 Seawater samples transportation (if filtration is not carried out on the ferry). 



36 

Annex 1. Check-list for the items to be taken on board for both sample collection 
(above) and sample filtration (section below) 
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Annex 2. Map of Fixed Sampling Stations, accompanied by a table with the 
relative geographical coordinates of each FSS 

This table should be filled in (“Expected Time” column) immediately after the ferry departure in 
order to identify the exact time of FSS sampling. 
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Annex 3. Sampling/filtration sheet 

For each sample (coded in the light-blue box) are indicated the geographic coordinates of the point 
in which water collection started, its duration and data collected during filtration (i.e., filtering 
duration). 
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1. Introduction

Spatial distribution of Stable Isotope (SI) values, also called “isoscapes”, are now being used 
increasingly in marine environments. Isoscapes provide data on the SI baseline, which is needed to 
assess the relative trophic position of higher trophic levels. Furthermore, because δ13C and δ15N 
levels tend to represent varying phytoplankton production rates, they can provide information on 
the relative productivity of different regions (Rolff, 2000; Casu et al. 2009). This would be attributed 
to phytoplankton cells preferentially absorbing molecules with lighter isotopes, resulting in relatively 
low ratios in non-limiting situations and comparatively high ratios in limiting environments. Finally, 
isoscapes can be used to track animal migration within the isoscape's coverage region (Trueman, 
MacKenzie, & Glew, 2017). 

2. Sampling design

The sampling is carried out simultaneously to the eDNA water collection, along the same ferry routes 
and sampling points (Fig. 1). 

Figure 1 The sixteen sampling sites of the Multidisciplinary Transects Loop 

This will allow the isotopic and eDNA data to be interpolated to create a more complete picture of 
the selected study areas, fitting the classical methods commonly used in SI analysis and used in 
many companion studies (see reference list). 

3. Filter preparation

Before sampling, filters must be sterilized at 450°C for 4h. 
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4. Water isotopes sampling from operating vessels

Water sample collection must be done using the same dedicated pipeline setup in the engine room 
that is used for the eDNA analysis (Fig. 2). This system is feasible and allows to collect multiple 
samples (for both eDNA and Isotope).  

Figure 2 Water samples collection in the ferry’s engine room (the orange square underpins the water pipeline) 

For the Isotope analysis, 3 replicates of at least 3 litres of water should be collected within a clean 
container. The use of a water splitter will allow to obtain 3 independent sample replicates, essential 
for obtaining reliable statistical results.  
Then, water samples should be filtered through the glass microfiber filter (GF/F) at low pressure 
(not more than 300 mbar) (Fig. 3). 

Figure 3  Water filtration in the ferry’s engine room. 

The amount of water required will depend on the particulate content in the water. If the filter 
becomes clogged the amount of water filtered must be noted. After filtering and rinsing, samples 
should be prepared for storage.  
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5. Filters’ storage and transportation

After the filtration process, each filter must be folded in two with the help of a tweezer, wrapped in 
an aluminium foil, labelled and stored in an onboard freezer at -20°C. 

5.1. Samples preparation 

In Lab, after defrosting, samples for C isotope analysis should be rinsed thoroughly with distilled 
water in the lab for 10/15 minutes to remove carbonates, whereas samples for N should be rinsed 
thoroughly with only distilled water. The samples are then dried (overnight at 60 °C) and ground. 4 
mg of the obtained powder will be placed in Tin Capsules (for example, Elemental Microanalysis) 
and stored in a multiwall plate until analyzed. 

Ashed 47 mm GFF filters 

Filter forceps 

Nitex screen (100-200 mm mesh) 

Filtration apparatus with filtration ramps and vacuum pump 

1 N HCL 

Squeeze bottles 

Spatula spoon, stainless steel 

Glass vials 

Automatic laboratory ball mill 

Latex or vinyl gloves 

Aluminum foil, heavy duty 

Distilled/Deionized water 

Tin Capsules Pressed 

Drying oven 

Dessicator 

-20oC Freezer

Table 1 Supplies required for natural abundance stable isotope analyses 
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1. Introduction

These Guidelines are intended as a practical Guide to apply the protocol developed under the Life 
CONCEPTU MARIS using the ferry as a platform of observation for monitoring cetaceans, sea turtles, 
other macrofauna and main threats (maritime traffic and Floating Marine Macro Litter). The protocol 
and guidelines for visual monitoring presented here are based on the methodological approach 
developed within the Fixed Line Transect Mediterranean monitoring Network and the IMPEL 
transborder monitoring project. 
The information here summarises and implements what has been described in the      Protocol - 
data collection and the following technical reference documents: 

• Fixed Line Transect using ferries as platform of observation - Monitoring Protocol I and II:
Marine litter & Marine macrofauna Protocol. Ver. Dicembre 2020;

• Final common monitoring protocol for marine litter. MEDSEALITTER Project, 2019;
• Floating marine litter protocol on ferry. Implementation TUTORIAL. MEADSEALITTER Project,

2018;
• Il Manuale del Giovane Osservatore. Accademia del Leviatano.

2. Visual Monitoring activities

Each sample consists of 13 litres of seawater collected from each sampling site and decanted directly 
from the derivation pipe into sterile foil laminated plastic “Bag-in-the-Box” (BiB) containers until 
sample processing (see below). The characteristics and advantages of the Bag-in-Box Sampling 
System (BiBSS) are illustrated in the work by Valsecchi et al, (2021) and are reported also here in 
Figure 1 for convenience. 

Surveys are performed by a team of a minimum of 4 dedicated observers (DOs), of whom at least 
one is an expert (Senior) and maximum one is under training. Two DOs are responsible for 
monitoring mega and macro fauna and only one DO is dedicated to floating macro marine litter, 
while the presence of a fourth observer allows for a turn of rest by rotating the observer positions. 
Data is collected on the presence of cetaceans and other marine fauna, maritime traffic and floating 
marine litter, following standard protocols developed within the FTL MED Net and MEDSEALITTER 
projects and described in detail below. 

2.1. Checklist 

BEFORE THE DEPARTURE the Senior DO prepare and check all the material to take on board. 
Material listed below are intended for the whole team:
€ Binoculars (one for DO);
€ Range stick/rule (one for DO) to measure the

distance from the observer to the animal (or 
binoculars with integrated grid for distance 
calculation) 

€ 1 portable GPS;

€ Extra batteries/charges for GPS;
€ 1 clinometer to fix the width of the monitoring

strip for marine litter; 
€ 1 measuring tape;
€ 2 goniometers, one for each ship side;
€ Camera;
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€ Stickers/masking tapes;
€ Datasheet “Cetaceans”;
€ Datasheet “Sea Turtles and other sightings”
€ Datasheet “marine litter”;
€ Datasheet “Meteo”;
€ Datasheet “Traffic”;
€ 3 clipboards, one for marine litter and two for

macro-fauna (one for each ship side); 
€ Permanent marker, Pens, pencils and a

sharpener; 

€ Photo-catalogue Marine Litter (Annex VIII);
€ Photo-catalogue Cetaceans and Sea Turtles

(Annex V); 
€ Joint List of Marine Litter categories authored by

the TG-ML (updated to 2021); 
€ Excel spreadsheet for range stick self-production

and for strip width calculations; 
€ Mobile App, if used for the data collection (i.e.,

AtSea, iLogWhales, ecc.).

Each team member is then responsible for bringing on board the following personal material: 

● IDENTITY CARD;
● A valid identity document or a passport in case of international travels;
● Other specific documentation if required;
● Food and water for the duration of the monitoring;
● Appropriate clothing;
● Personal camera and/or binoculars (optional).

2.2. Preparatory activities 

The team usually meets at the ticket office of the departure port, presenting themselves at the 
check-in before boarding operations with the required documentation. 
Once the team gets on board, the Senior DO will: 

• Go to the RECEPTION DESK with tickets and identification documents, introduce the team
to the crew’s members and arrange the access to the command deck;

• In case of first boarding, check with the crew the deck height and record it together with the
name of the ferry;

• Give a quick BRIEFING to the team members, testing if everyone is familiar with datasheets,
codes and data recording procedures;

• Check GPS settings, charge and time synchronisation, as detailed in the ANNEX VI;
• In case binoculars with graduated grid are not provided, make sure each DO carries the

personal RANGE STICK, produced following the instructions in ANNEX III (Range stick).
• Organise a rotation schedule for DOs positions.

2.3. Beginning of monitoring effort and description of activities 

Once the team has accessed the command deck and prepared the material, the activities can be 
started through the steps listed in paragraphs 2.4.1 and 2.4.2, respectively for cetaceans, sea turtles 
and other fauna monitoring and for floating marine litter monitoring. It is worth reminding here that 
the two monitoring activities respond to different data collection protocols and therefore need to be 
considered independent.  
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When the two monitoring activities are performed simultaneously, the observers must ensure that 
the information reported in different datasheets is consistent and communicate to the other 
observers any change in weather conditions worthy of recording. The roles of DOs usually rotate to 
keep their concentration high, possibly including a rest-turn whether the number of DOs allows for 
it. 

NOTE: As guests, it is essential to maintain appropriate and respectful behaviour towards the crew 
throughout the monitoring activities. It is a good custom to greet politely upon arrival, interfere with 
the crew as little as possible, and maintain the space tidy. Also, it is important to speak quietly and 
use moderate tones to alert the other observers in case of sightings. 

3. Mega e Macro fauna monitoring

3.1. Beginning of monitoring effort: 

In the early phase of mega and macro fauna monitoring, the two dedicated observers, will: 
▪ Compile datasheets with general information (Transect code, date, ship’s name, observers

etc.)
▪ Turn on the GPS and wait for the detected signal;
▪ Arrange themselves on the two sides of the command deck with all the equipment (range

stick, goniometer, binocular etc.). If floating marine litter monitoring is simultaneously
performed, GPS is located on the side of the command deck where litter monitoring is
conducted and is maintained there throughout the monitoring.

The observer located on the ship’s side with GPS, then will: 
▪ Start recording a new GPS track.
▪ Mark the location at the beginning of the “on effort” period (BEG) with the GPS

ANNEX VI and compile the “Weather condictions” datasheet with information about weather
conditions, vessel speed and route.

▪ Record the first data on maritime traffic by marking GPS location (NAV) and compiling
the “maritime traffic” datasheet.

▪ Set an alarm clock to remember to randomly collect traffic data in the absence of
cetaceans (i.e., every 60 minutes). For details on the method check the relative paragraph
in these guidelines.

3.2. Description of the activity 

Each observer focuses primarily on a 130° arc ahead of the ship and continuously scans the area 
with the naked eye and periodically with binoculars. The back of the route is scanned only 
occasionally to avoid the risk of re-counting of sightings. When a cetacean or another animal is 
sighted, the observer immediately alerts the DO positioned on the side of the GPS to mark the 
sighting location by pushing MARK on the GPS (code AVV for cetaceans and OS_SIGHT for other 
sightings). Then the observer who first sighted the animal will keep watching at it and, with the 
help of other team members, will:  
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▪ COUNT THE NUMBER OF INDIVIDUALS and assess the SPECIES and BEHAVIOUR;
▪ Memorise data on DISTANCE and ANGLE between the animal and the ship’s bow.

Only when the animal hid out of sight, the observer will: 
▪ COMPLETE THE POSITION RECORDING by pressing SAVE on the GPS screen (ANNEX

VI);
▪ MEASURE the exact DISTANCE AND ANGLE by using the “Range stick” or goniometer

(ANNEX III).
▪ Report on the specific sheet all the information including time, longitude and latitude,

species and behaviours (for more details on sheet compilation, refer to Annex I).

IMPORTANT: the data sheet to be used will differ whether the sighted animal is a cetacean (sheet 
“Cetaceans”) or a sea turtle/another animal (Sheet “Sea turtles and other sightings”). The list of 
considered species is reported in the ANNEX V. 
Binoculars and cameras are used to confirm species identification or validate it later. Data on 
weather conditions and maritime traffic is collected throughout the monitoring activity, as 
detailed above. 

3.3. Maritime Traffic 

In CONCURRENCE with CETACEAN SIGHTINGS, a 360° scanning of the horizon is undertaken 
from both sides of the command deck, in order to quantify the number of detectable vessels by 
naked eyes and report it in the datasheet “. In case of multiple consecutive sightings of cetaceans, 
to avoid replications of data, marine traffic assessment must be repeated only if significant changes 
in traffic composition occurred. If a rare species such as a pilot, sperm or Cuvier’s beaked whales, 
or Risso’s dolphin is detected, the traffic data should be collected primarily with its occurrence, 
reporting the GPS Code of the rare sighting in the naval datasheet together with ships data. 
IN THE ABSENCE OF CETACEANS, scans are undertaken randomly at a minimum distance of 45 
minutes (usually every 60 minutes). An alarm clock should be set at the beginning of monitoring to 
ensure the data is acquired independently. 

PLEASE NOTE: To ensure the independence of data always keep at least 15 minutes between a 
sight and a random scan. For more details on the compilation of the “Naval traffic” 
datasheet, refer to ANNEX I. 
Weather 
Data on weather conditions are ALWAYS collected at the beginning and end of monitoring, or when 
it is paused or restarted (STOP and START) for different reasons (i.e., rain, break). Furthermore, 
every change in weather condition during the monitoring must be reported by marking the GPS 
location (code MET) and reporting related-information on the sheet (GPS code, time, sea state, wind 
direction, visibility, cloud cover, etc.). For more details on the compilation of the “meteo” 
datasheet, refer to ANNEX I. 
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4. Floating macro litter monitoring

4.1. Beginning of monitoring effort: 

In the early phase of floating marine litter monitoring, the dedicated observer will: 
▪ Move to the side of the command deck with the sun behind to have fewer reflections on the

water;
▪ Check the GPS signal;
▪ Measure the width of the fixed observational strip (50 m) on the window where

the observer is located. Depending on whether the observation is conducted on the side or
on the front, the observer measures the upper and lower limits of the strip using a range
stick or clinometer and mark them on the frontal/side window using scotch tape (see
instruction in ANNEX IV).

▪ Compile the specific datasheet with the general information (transect code, data, vessel
name, observers etc.);

▪ Mark the location at the beginning of the “on effort” period (BEG_lit) with the GPS
and compile the “marine litter” datasheet with weather data (i.e, sea state and % cloud
cover) and vessel speed.

4.2. Description of the activity 

The observer detects the presence of all objects larger 
than 20 cm passing within the fixed 50m-width strip. For 
each item, the GPS position is marked (Code LIT) and 
time and GPS codes are reported on the specific 
datasheet. Item-related information is also reported: 
source, sector, buoyancy, material, category, size, color 
and state. For more information on “Marine Litter” 
datasheet compilation, refer to ANNEX II. The 
observation is made with the naked eye and binoculars 
are used to confirm litter sightings if needed. With the 
exception of cetaceans, it is also recorded the presence 
of turtles, jellyfish or other marine organisms within the 

strip. In that case, the datasheet “Sea turtle and other sightings – ON EFFORT LITTER” must be 
compiled reporting GPS code and other information (see Annex IX).  

PLEASE NOTE: If the fixed strip-width marine litter monitoring is done in concurrence with the 
standard line transect fauna monitoring data on sea turtles and other species can be copied in the 
“sea turtles and other species sightings” already compiled within the fauna monitoring. In that case, 
specify in the field “note” whether the animal was sighted within the litter strip or not. 
Moreover, as for fauna monitoring, any change in weather condition (MET) or activity stops and 
starts (STOP_lit-START_lit) of monitoring should be recorded in the “Marine litter” datasheet.  
Depending on the sun’s position, it may be necessary to change the side of observation. 
In that case, monitoring should be interrupted (STOP) before side-changing occurs. 
Monitoring is carried out with weather ≤ 2 on the Beaufort scale. 

@ISPRA  - Medsealitter 
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4.3. End of monitoring effort and debriefing 

At the end of the transect, or earlier in case of bad weather conditions, the two monitoring shall be 
concluded, together or separately, following the steps below: 

• By marking the GPS location of “End effort” (Code END for fauna and END_lit for marine
litter monitoring), reporting time, coordinates and weather conditions in the specific
datasheets (“Weather conditions” and/or “Marine floating litter”).

• By stopping the GPS track recording with the dedicated GPS and SAVING IT.
Before landing, the team will meet to: 

• Take a closer look at the datasheets and check them for data/missing data;
• Check for equipment and tools being all recovered;
• Exchange the photo-material.
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ANNEX I – HOW TO COMPLETE THE DATASHEETS FOR FAUNA MONITORING 

• GENERAL INFORMATION (to be included in all the datasheets)

TRANSECT 
CODE 

Refers to the unique identifier effort code (transect code + number of survey). The 
transect code is composed by 4 capital letters and is an abbreviation of the route 
(i.e., Naples-Palermo: NAPA) and is followed by the number of the transect 
separated by the underscore (es. NAPA_0004). The code must be indicated by the 
Senior observer. 

DATE Date of activity 
SHIP NAME Specify the ship name 
OBSERVERS The first name refers to the Senior DO, followed by other DOs in order of decreasing 

experience (indicate the first three letters of the name and the first letter of the 
surname, i.e., Ful. M., Fra. P., Mar. F.) 

• WEATHER CONDITIONS DATA SHEET

GPS CODE The GPS alphanumeric code is automatically generated by pressing MARK on the 
instrument at the location and SAVING IT.  

TIME (local) Local time of the port of departure 
EFFORT Specify BEG at the beginning of the effort, STOP when the activity is temporarily 

suspended, START when the monitoring can be restarted after pausing, MET if any 
change in weather conditions occurs, and END when the monitoring activity ends.  

SEA STATE Indicate the level of the Beaufort scale based on true wind speeds and sea state 
appearance (waves height, swell, etc.). 

WIND 
DIRECTION 

The wind direction is determined as where the wind is blowing FROM and can be 
read on the displays situated on the command bridge; here, it is usually represented 
in the wind rose with an arrow. Pay attention to look at the BEGINNING of the arrow 
(the line), and not at the end (arrow) to determine the direction FROM which the 
wind is blowing; it can be reported as an angle (i.e., 45° -> North East) or as a 
cardinal direction (es. SW, WSW etc.).  

RAIN Indicate, in case of reduced visibility due to atmospheric precipitation, the type of 
rain: MIST, FINE; DRIZZLE. In case of heavy rain, monitoring activities should be 
interrupted. 

VISIBILITY Report OPTIMUS, GOOD, MEAN, SCARCE based on the visibility level. 
CLOUD 
COVER 

Percentage of estimated cloud covering. 

ROUTE Specify the ship’s heading; it can be read on the command screens, where it is usually 
indicated as HDG. Report the exact number without rounding. 
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SPEED Ship speed in knots (Kn) is indicated as SPD on the command screens, usually below 
the heading. 

LAT E LONG This space has to be filled with latitude and longitude just in case the GPS does 
not work. The information can be read at the command screens and reported here 
in the “degree and decimal minutes” format, rounding up to 3 decimal places. 

NOTE Any additional information worth recording. 
TYPE OF 
COLLECTED 
DATA 

Specify the type of collected data during the monitoring (i.e., marine litter, eDNA, 
birds). 

• CETACEANS SIGHTINGS, DATA COLLECTION SHEET

GPS CODE Identify the sighting on the GPS. A progressive alphanumeric number will appear 
on the screen by pressing MARK on the instrument: copy this code after saving it. 

TIME (local) Time of sighting as indicated in the GPS without rounding, referring to local data 
of departure point. 

SHIP POSITION 
(Lat, Long)  

It is recorded with GPS or, if GPS does not work, read at the command screens. In 
that case, report them in the “degree and decimal minutes” format, rounding up to 
3 decimal places. 

SIDE Specify the ship’s side where the animal is sighted, L (left), R (right) and 0 (front). 
OBS The first letters of the experienced observer who first sights the animal. Do not 

insert members of the crew. 
SPECIES Indicate the acronym based on the standard binomial nomenclature of the species 

(i.e., Sc is for Stenella coeruleoalba, Dd for Delphinus delphis etc.). Not identified 
species are registered using U.S. Unidentified Species followed by the indication 
“of size: S=Small dolphin species, M=Medium cetacean species and L=Large 
cetacean species.  

N° TOT Indicate the total number of sighted animals in the column BEST. In the case of 
large groups, indicate the minimum number of counted animals in the col MIN, an 
estimate of the maximum number in the col MAX, and the best estimate in BEST. 

N° JUV If juveniles are sighted, indicate the number; otherwise, leave it empty. 
DISTANCE Indicate the distance in metres between the ship and the animal measured using 

the “range stick” (ANNEX III) or the clinometer or other methods (i.e., binoculars 
with graduated grid) 

ANGLE 
(0-180°) 

Indicate the angle between the detected animal/group and the direction of the 
ship (0-180°). It is measured with the goniometer or, if available, with the internal 
binocular compass, as the difference between the ship’s heading and the sighting 
direction. 
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SWIMMING 
DIRECTION 
(0-360°) 

Indicate the angle of swim direction in relation to the ship’s bow. It is collected 
through the support of the goniometer. Write down just in case it is very sure; 
alternatively, write N.D. (not detectable). 

RESPONSE TO 
OBSERVATION 
PLATFORM 

Insert X in the APR (approach) column when the animal is approaching the 
platform, in the ESC (escape) column when escaping or quickly submerging, in the 
IND (indifferent) column when appearing unaware and maintaining the same 
behaviour. 

BEHAVIOUR Indicate the observed behaviour and refer to the list at the bottom of the datasheet 
and to the photo catalogue in the ANNEX V. In addition to the general behaviour, 
give as many details as possible: swim speed (slow, normal, fast, etc.), progress 
(straight, irregular, zig-zag) and whether or not the animal is maintaining the same 
direction. In the presence of boats at a distance <2Nm, take notes of any particular 
behaviour you can ascribe in response to these boats. 

PH Insert X when photos have been taken to confirm species identification. 
COLLISION OR 
NEAR 
COLLISION 

It is considered a “near-collision event” when the animal is sighted in front of the 
ship at a minimum distance of 50 m in front of the bow and 25 m on the side, and 
does not show evident approaching behaviour (i.e., bow-riding) but it seems instead 
not aware of the boat approaching. In that case, insert X here.  

eDNA Insert X if water samples for eDNA analysis are taken in concurrence with the 
sighting 

SHIPS (see 
sheet) 

Insert X when vessels are sighted in concurrence with sightings. 

• MARITIME TRAFFIC, NAVAL DATA COLLECTION SHEET

CODE GPS In concurrence with cetaceans’ sightings, copy here the GPS code of the sighting. In 
the absence of sightings, press “mark” on the GPS and copy the new alphanumeric 
code automatically generated (NAV). 

CETACEAN 
PRESENCE/ 
ABSENCE 

Insert P (Presence) when the data is collected concurrently with cetacean sighting. 
Insert A (Absence) when the scan is undertaken in the absence of sightings at regular 
time windows (i.e., 1h). Always keep at least a 15 min interval between sight and 
random scan (if the sight is done soon after the random data, delete the random 
data). In case of multiple consecutive sightings of cetaceans, marine traffic assessment 
must be repeated only if significant changes in traffic composition occurred. Traffic 
data should be collected primarily with the occurrence of rare species (see the protocol 
and the guidelines for more details). 

TIME Time should be reported as recorded in the GPS, without rounding. 
VESSELS The sampling scan of the horizon is undertaken on both ship sides to quantify the 

number of vessels (sailing boat, fishing boat, other, etc.) detectable from the observation 
platform within or beyond two nautical miles. Employ the following code: S (sailing boat), 
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M (motorboat), F(fishing), O(Other) Leave the field blank or put a line through in the 
absence of ships. N. B.: A sailing boat with lowered sails must be considered a 
motorboat. 

SHIP 
POSITION 
(lat, lon) 

recorded with GPS or read at the command screens. In that case, report them in the 
“degree and decimal minutes” format, rounding up to 3 decimal places. Remember that 
the points of “Presence” refer to the GPS code of the sighting. 

NOTE Any additional information worth recording. 

• SEA TURTLES AND OTHER SPECIES SIGHTINGS, DATA COLLECTION SHEET

GPS CODE, 
TIME, SHIP 
POSITION, 
SIDE, OBS, N° 
TOT, N° JUV, 
DISTANCE, PH 

The same as for the other datasheets 

SPECIES Indicate the name of the identified species, or at least the name of the order in 
case of not identifiable species (N.D.). 

LIFE STAGES For C. caretta only, report the life stage based on morphological features: EJ (Early 
juvenile): carapace with irregular and jagged margins, dark brown or reddish-
brown, dorsal plates with spines (jagged crest), reduced head size, carapace size 
approximately < 40 cm; LJ (Late juvenile): jagged crest reduced or absent, 
carapace size between approximately 40 and 70 cm. AD (Adult): large head size 
and well-developed musculature, approximately > 70 cm carapace size. 

SEX For adults of C. caretta only, indicate the approx. sex category. In case of a visible, 
prominent long tail extending well beyond the carapace, report M (Male); 
otherwise, report Un (unknown). 

DIRECTION OF 
SWIM/ 
ORIENTATION 
(0-360°) 

Report the main axis direction of the animal’s body (only for sea turtles) or the swim 
direction (for other species) in relation to the ship’s bow, from 0 to 360 degrees. It 
is collected through the support of the goniometer. Write down just in case it is 
very sure; alternatively, write N.D. (not detectable). 

BEHAVIOUR Indicate the observed behaviour and refer to the five categories (Swimming, 
Resting, Breathing, Mating, Unknown) also reported at the bottom of the datasheet 
and the photo catalogue ANNEX V. 

RESPONSE TO 
THE OBS PLAT 

Insert X in the ESC (escape) column when escaping or quickly submerging, in the 
IND (indifferent) column when appearing unaware and maintaining the same 
behaviour. 
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COLLISION OR 
LIKELY 
COLLISION 

It is considered a “near-collision event” (NC) when the animal is sighted close to 
the ship, taken by the ship generated vortex but remaining floating on the side. It 
is considered a “likely-collision” (LC) event when the animal disappears under the 
bow and does not re-emerge behind. 

ENTANGLEMEN
T 

Indicate if the sighted animal is entrapped/entangled in marine debris/FAD or if 
there is any interaction with anthropogenic factors (Y=Yes; N=No). 

NOTE Write down any additional information about the sighting, such as the type of waste 
with which the animal interacts or is trapped, the body parts involved and other 
details.  
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ANNEX II – HOW TO COMPLETE THE DATASHEETS FOR LITTER MONITORING 

DATE Date of activity. 
SPEED Ship speed in knots (Kn) is indicated as SPD on the command screens, usually 

below the heading. 
OBSERVER Name of the observer/observers in charge of marine litter monitoring 
SEA STATE Indicate the Beaufort Sea State (ANNEX VII); IMPORTANT: real wind speeds 

do not always correspond to sea state general appearance. In this case, it is 
good to report both apparent and real sea states. 

TYPE/ NAME Type of platform (i.e., ferry) and name 
CLOUD COVER Percentage of estimated cloud covering 
COD EFFORT Refers to the unique identifier survey code which is indicated by the Senior 

observer. 
BEG/END LAT 
LONG AND TIME 

Latitude and longitude are recorded at the beginning and end of monitoring 
with GPS, or read at the command screens. Report here the GPS codes and 
related times, or, in the case GPS is not working, latitude, longitude in the 
“degree and decimal minutes” format, rounding up to 3 decimal places. 

MINIMUM SIZE 
CLASS 

Minimum size class to be detected (usually size E, 20-30 cm) 

STRIP WIDTH Width in metres of the monitoring strip (50 m). 
HEIGHT OF 
OBSERVER EYE 

Height of the eye in metres of the observer above sea surface level (deck + 
observer height). 

SECTOR OF 
MEASUREMENT 
OF SIZE 

This field is filled with angle(s) of window limit sector(s) measured trough the 
clinometer and used for size measurements of litter using the ruler (see ANNEX 
IV for more details). 
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OBSERVATION ON 
THE SIDE 

The angle (in degree) read at the clinometer to define the limit of the 50 m 
strip at the window. Fill the field if the observation is done on the side of the 
ferry (see ANNEX IV for the formula). 

OBSERVATION ON 
THE FRONT 

Indicate the width of the strip in cm on the frontal window and the distance 
in cm between the eyes of the observer and the window in the case of an 
observation on the side of the ferry. The field is filled in the case of an 
observation on the front of the ferry (see ANNEX IV for the formula). 

COD GPS Identify the sighting code recorded on the GPS. It is usually the alphanumeric 
progressive code automatically generated by the instrument. 

BUOYANCY Indicate the buoyancy of the observed items: Positive (+) when detritus 
emerges whole or in part from the surface; negative (-) when the debris is 
completely submerged, absent (0) when the debris is aligned to the surface of 
the sea. 

USE The observer notes the probable source of the litter observed and at what 
industry sector is linked, indicating whether it is from Agriculture, Fishing, 
Sanitary etc. (see categories reported on the datasheet). For a shopping bag, 
use is undefined (NN), while for a box of polystyrene can trace, presumably, 
to the fishing industry (F). 

MATERIAL Indicate the material of the observed item (Polymer artificial, glass, wood, 
metal, rubber, paper and textile). Insert X in the corresponding column. 

COMMON ITEMS Insert X if the item belongs to one of the most common categories listed here. 
SPECIFY ITEMS & 
NOTES 

In case of sightings that do not fall into any of the categories listed, the type 
of object is specified here by referring to the Joint List of Marine Litter 
Categories (MSFD, 2021). Here are also noted if animal sighting occurs within 
the strip (es. Sea turtles). Moreover, any additional information related to a 
change in weather conditions, boat speed, or change of the observer 
(indicating initials of the new one) is reported in this field. In this field observer 
must report also the presence of Fishing aggregating devices (FADs, usually 
single buoy or floating material) or windrows (for the aggregations of seafoam, 
seaweeds, plankton and natural debris that appear on the ocean surface) or 
Sea snot (Marine mucilage). In the case of patch of litter, observers must also 
record its beginning and end points and the most common items. 

ORGANIC In the presence of organic material at the surface, such as logs or seaweed 
report in the corresponding column, indicating whether it is from “sea-based 
sources” (seaweed, carcasses of marine dead animals, etc.), or “land-based” 
sources (logs, plants, etc.). 

SIZE Specify the size category of the object starting from E=20-30 cm; F=30-50 
cm; G=50-100 cm; H=100-200 cm; X>200 cm. In the case of objects < 20 
cm, if items are clearly identifiable (i.e., smoking cigarettes, drinking can), they 
can be reported in the sheet. For some item categories, size can be reported 
to a standard size (refer to litter photo-catalogue -ANNEX VIII). Measures can 
be taken through the ruler. (see ANNEX IV for the method). 

COLORS Indicate the item appearance to light, whether it is O=Opaque, 
T=Transparent, or C=Coloured. If coloured specify the colour (Red, Blue, 
Green, Grey, Yellow, Brown, Black, Pink, Orange, Other).  

STATE State of the object: En=entire or Fr=Fragmented. In the presence of FAD 
(Fishing Aggregating Devices), report it in this column. FAD are floating items 
used by fishers to aggregate fishes and they are made of mixed materials, 
including plastics (i.e., plastic bottles, cork plates, inner tubes of car tires, 
polystyrene slabs, palm fronds). 
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ATTENTION! If the marine litter monitoring is performed alone (and not in concurrence with the 
standard line transect fauna monitoring), the presence of sea turtles and other sightings within the 
fixed litter strip, is reported in a specific sheet “Sea turtles and other sightings – ON EFFORT LITTER”. 
The sheet is almost identical to the one used for the standard fauna monitoring. Conversely, if fixed 
strip-width marine litter monitoring and standard line transect fauna monitoring are simultaneously 
performed, the “sea turtles and other sightings sheet” already used within the fauna monitoring can 
be used also for animals detected within the litter strip, BUT remember to specify in the NOTE that 
the sighting was “on effort litter”. 

Sheet TURTLES and other sighting ON EFFORT LITTER 
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ANNEX III – EQUIPMENT AND TOOLS 

Useful tools for measuring the detection angle, distances and swim directions of 
animals/objects. 

• Clinometer
A clinometer is a device used to measure the angle between a point on 
the sea surface and the horizon plane. The angle can be read on the 
scale when sighting the target through the instrument. Knowing the 
angle and the height above sea level of the observer and using basic 
trigonometric functions, the distance in metres between the target and 
the observer can be calculated. This instrument is used during the 
floating litter monitoring to measure the width of the fixed strip on the 
window (Annex IV). 

The general formula is the following:     width of the strip (m) = 𝐻𝐻𝐻𝐻 (𝑚𝑚)
𝑡𝑡𝑡𝑡𝑡𝑡  𝛼𝛼 (𝑟𝑟𝑡𝑡𝑟𝑟𝑟𝑟𝑡𝑡𝑡𝑡𝑡𝑡𝑟𝑟) 

Where Ho is the known height of the eye of the observer (height of the “ferry deck + observer”) 
and α is the angle read with the clinometer. 

• Range stick
The range stick is used as an alternative to the 
clinometer during the macro fauna monitoring to 
measure the distance between the sighting and the 
observer more immediately. It is made from a small 
wooden or plastic stick or paper-covered ruler on 
which horizontal lines corresponding to distance 
ranges are marked. In the case of a sighting, the 
observer keeps the range stick vertical and holds it 
in its stretched arm, lining the top of the range stick 
with the horizon and reading off the range that aligns 
with the target (800 m in the picture). Distance 
ranges are calculated by knowing the eye height 
above sea level, which is the sum of the eye height 
of the observer and the height of the observation 
platform, and the stretched arm's length to the eye. 
Indeed, every self-made range stick is specific to an 
observer and the observation platform. Instruction 

for making a range stick is provided by ISPRA and detailed below. 
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INSTRUCTIONS FOR SELF-MADE RANGE STICK: 

1. Take the following measures:
- Eye height of the observer (cm);
- Height of the observation platform (boat + observer eye above the sea level in metres).
- The stretched arm's length to the eye of the observer (cm), keeping shoulders straight

and lining the bottom of the range stick with the eyes.

2. Enter observer measurements into the range stick spreadsheet, which can be downloaded here.
Values are calculated automatically as distances in cm from the top of the stick to where a
horizontal line must be drawn. Make sure to put what distance the line corresponds. Next,
customise the personal range stick, adding the observer’s name and a string to keep it on hand.

Figure 1 Spreadsheet for the measuring of distance ranges (ISPRA). 

https://drive.google.com/open?id=14RMxWZ89xRpoLQVuanSvcmusXrEjnunw
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• Goniometer
The goniometer is used for measuring the angle between the ship’s heading and the sighted animal. 
An example of using a goniometer during fauna monitoring is reported in the picture below. The 
goniometer is fixed on both sides of the command deck near the observation point. The angle 0° 
should be aligned with the ship’s bow. (Fig. 2). Then, the mobile hand is rotated until it intercepts 
the sighting and reads the corresponding angle. Also, the goniometer supports the identification of 
the animal's swimming direction, as in the picture below (Fig. 3).  

Figure 2 Example of using a goniometer for measuring the angle of sighting during the fauna monitoring.  

Figure 3 Example of using a goniometer for measuring the swim direction: although the angle of sighting is the same in 
both the examples, the swim direction is around 100° for the left animal and about 280° for the one on the right 

(source: ISPRA).
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ANNEX IV – SPECIFIC MEASUREMENTS FOR MARINE LITTER MONITORING 
WIDTH OF THE STRIP 

For an observation on the front or the side, the measurement of the 50-width strip can be the 
following. 

• Observation on the side
The measurement is done using a clinometer, a measuring tape and scotch. Knowing the 
height of the eye of the observer above sea level Ho (deck + observer height) and having fixed 
the width of the strip to 50 m, the angle between the monitoring strip and the horizon is obtained 
through trigonometry, applying the formula reported below, and read at the clinometer. Remember 
that the measured value needs to be converted from radians to degrees before reading it on the 
clinometer. The upper limit of the strip is then marked on the window’s glass with scotch. Everything 
observed below the scotch is “in the strip”. 

𝑎𝑎 (𝑟𝑟𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎𝑟𝑟𝑟𝑟𝑟𝑟) = 𝑎𝑎𝑟𝑟𝑎𝑎𝑎𝑎𝑎𝑎𝑟𝑟 
𝑊𝑊𝑟𝑟𝑟𝑟𝑟𝑟ℎ 𝑎𝑎𝑜𝑜 𝑟𝑟ℎ𝑒𝑒 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑠𝑠 (𝑚𝑚)

𝐻𝐻0 (𝑚𝑚)

Figure 4 Using the clinometer to read the angle between the monitoring strip and the horizon corresponding to the limit 
of the monitoring strip (source: MEDSEALITTER). 

Observation on the front. The measurement is done using a measuring tape and scotch. 
Knowing the width of the strip (50 m), the distance to put the scotch on the frontal window is 
obtained through the below reported formula. Distance between eyes and glass is taken at the fixed 
point from which the observation occurs. 

 𝑆𝑆𝑟𝑟𝑆𝑆𝑒𝑒 𝑚𝑚𝑒𝑒𝑎𝑎𝑟𝑟𝑚𝑚𝑟𝑟𝑒𝑒𝑟𝑟 𝑏𝑏𝑒𝑒𝑟𝑟𝑏𝑏𝑒𝑒𝑒𝑒𝑟𝑟 𝑟𝑟𝑎𝑎𝑎𝑎𝑟𝑟𝑎𝑎ℎ (𝑎𝑎𝑚𝑚) =  
 𝑏𝑏𝑟𝑟𝑟𝑟𝑟𝑟ℎ 𝑎𝑎𝑜𝑜 𝑟𝑟ℎ𝑒𝑒 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑠𝑠  (𝑎𝑎𝑚𝑚) 𝑥𝑥 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑎𝑎𝑟𝑟𝑎𝑎𝑒𝑒 𝑏𝑏𝑒𝑒𝑟𝑟𝑏𝑏𝑒𝑒𝑒𝑒𝑟𝑟 𝑒𝑒𝑒𝑒𝑒𝑒𝑟𝑟 𝑎𝑎𝑟𝑟𝑟𝑟 𝑔𝑔𝑔𝑔𝑎𝑎𝑟𝑟𝑟𝑟(𝑎𝑎𝑚𝑚)

𝐻𝐻𝑒𝑒𝑟𝑟𝑔𝑔ℎ𝑟𝑟 𝑎𝑎𝑜𝑜 𝑟𝑟ℎ𝑒𝑒 𝑎𝑎𝑏𝑏𝑟𝑟𝑒𝑒𝑟𝑟𝑜𝑜𝑎𝑎𝑟𝑟𝑟𝑟𝑎𝑎𝑟𝑟 (𝑎𝑎𝑚𝑚)

The limits are then marked on the frontal window, possibly using colored scotch to differentiate 
among observers. Scotch is also fixed on the deck floor from which the measurements were taken. 
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Figure 5 Measurements of the strip limits in case of frontal observation. 

• Marine litter size
The size measurement is done with a transparent ruler and a clinometer. The first step includes 
fixing a place near the observer where each item will necessarily pass through before passing away. 
The angle (α) at this place should be measured with the clinometer, so the distance to sea surface 
can be known. Each marine litter should be measured with the ruler when passing at this place to 
get the apparent size in cm (a). Then, knowing the distance eye-ruler (X), and the height of 
the observation Y (deck + observer height), the following formula is applied to get the real 
size of the object (b). The observer may also refer to standard sizes reported in the marine litter 
photo-catalogue (ANNEX VIII). 

Figure 6 The formula is used for measuring the real size of floating marine litter knowing the apparent size read on the 
ruler (source: MEDSEALITTER).

Y
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ANNEX V – LIST OF SPECIES AND MATERIALS FOR THE IDENTIFICATION 

• List of cetacean species included in the monitoring

Species Eng name 
B. physalus Fin whale 
G. griseus Risso’s dolphin 
P. macrocephalus Sperm Whale 
S. coeruleoalba Striped dolphin 
T. truncatus Bottlenose dolphin 
Z. cavirostris Cuvier’s beaked whale 
G. melas Long-finned pilot 

whale 
D. delphis Common dolphin 
S. bredanensis Rough-toothed 

dolphin 
B. acutorostrata Common minke whale 
O. orca Killer Whale 

Emergence profiles of different 
cetaceans supporting the 

identification of the species 
(source: Gaia Research Institute Onlus). 

• Unidentified species classification (US)

LARGE “whale” species (L)
● Distinct Dorsal (DD)

● Fin whale (Balaenoptera physalus)
● Minke whale (Balaenoptera acutorostrata)
● Sei whale (Balaenoptera borealis) 
● Northern bottlenose whale (Hyperoodon ampullatus) 

● Indistinct Dorsal (ID)
● Sperm whale (Physeter macrocephalus)
● Humpback whale (Megaptera novaeangliae) 
● Northern right whale (Eubalaena glacialis)

MEDIUM "cetacean" species (M) 
● Large dorsal fin (LF)

● Bottlenose dolphin (Tursiops truncatus)
● Risso's dolphin (Grampus griseus)
● Long-finned pilot whale (Globicephala melas)
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● Killer whale (Orcinus orca)
● False killer whale (Pseudorca crassidens)

● Small dorsal fin (SF)
● Cuvier's beaked whale (Ziphius cavirostris)
● Sowerby’s beaked whale (Mesoplodon bidens) 
● Blainville’s beaked whale (Mesoplodon densirostris) 
● Gervais’ beaked whale (Mesoplodon europaeus) 
● Indopacific humpback dolphin (Sousa chinensis) 

SMALL patterned "dolphin" species  (S) 
● common dolphin (Delphinus delphis)
● striped dolphin (Stenella coeruleoalba)
● rough-toothed dolphin (Steno bredanensis) 
● dwarf sperm whale (Kogia simus) 
● harbour porpoise (Phocoena phocoena) 

• List of potential other species of marine mega fauna to be recorded

Other species (OS) 
● Mola mola Ocean Sunfish 
● Mobula mobular Devil fish 
● Xiphias glaudius Swordfish 
● Thunnus ssp Tuna 
● Fam. Istiophoridae Marlins 
● Shark Shark 
● Jellyfish Meduse 
● Puffinus yelkouan Yelkouan Sh (or Levantine shearwater) 
● Calonectris diomedea Scopoli's Shearwater 
● Other

IDENTIFICATION BIRDS: 

Scopoli's 
Shearwater 

Similar in size to a yellow-legged gull, brown 
upper parts and white under parts, yellow 
bill. Direct and powerful flight, low over 
water, slow beats alternated to long glides. 
In windy conditions almost no beats and 
may raise high on water with body rotated 
90° degrees respect to sea surface. Floating 
groups like small ducks and to other 
shearwaters (see under yelkouan 
shearwater). It can be mistaken with 
immature yellow-legged gulls. 
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Yelkouan 
Shearwater 

Similar in size to a pigeon, sharp contrast 
between almost black upper parts and white 
under parts, black bill, feet projecting out of 
the tail profile. Direct and rapid flight, low 
over water, fast beats alternated to glides 
with rigid wings. In windy conditions glides 
are longer and may raise higher on water. 
Floating groups like small ducks and to other 
shearwaters (check bill colour and size 
difference with yellow-legged gulls - if 
present). 
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PHOTO-CATALOGUE 

REFERENCES: 
- Riedl. Flora e Fauna del Mediterraneo. 2010. ISBN:978-88-7413-224-9;
- “Cetacei, FAI attenzione!” Project coordinated by the Tethys Research Institute. Website: cetaceifaiattenzione.it;
- IUCN (2012). Marine Mammals and Sea Turtles of the Mediterranean and Black Seas. Gland, Switzerland and Malaga, Spain: IUCN. 32 pages;

- Menkab Association, menkab.it
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SUPERFICIAL BEHAVIOR OF CETACEANS 
FLUKING 

Foto di Associazione Menkab 

FULL LEAP 

Foto di Associazione Menkab 

HALF LEAP 

Foto di Associazione Menkab 

DORSAL FIN 

©G. Calogero/Menkab

SURFING 

©Martina Bottaro/Menkab

BLOWING 

©G. Calogero/Menkab 
BREACHING 

©ilpianetaazzurro.it 

SPY-HOP 

©Barney Moss

BOW RIDING 

©Eugenia Pasanisi
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PHOTO-CATALOGUE SEA TURTLES 
Species Adult size Features 
Loggerhead Turtle 

©Roberto Crosti 

70-110 cm

©Roberto Crosti

- 5 costal scutes on the carapace; 
- 2 pairs of prefrontal scales;
- Curved rostrum;
- Carapace from dark brown to

red brown;
- Heart-shaped carapace.

Leatherback Turtle 

©Oceanomare Delphis 

130-183 cm

©Gabriella Motta 

- Carapace composed of a
mosaic of tiny bone plates with
7 dorsal and ventral ridges;

- No scutes on the carapace;
- Leathery carapace;
- Dark grey/black carapace;
- Occasionally spotted.

Green Turtle 

©Biagio Violi 

80-115 cm

©IUCN 

- 4 costal scutes on the
carapace;

- 1 pairs of prefrontal scales;
- Rarely spotted in the

Tyrrhenian Sea.

SURFACING BEHAVIOUR OF SEA TURTLES 
SWIMMING 

©Elia Biasissi/Menkab 

BREATHING 

©Biagio Violi/Menkab 

RESTING 

©G. Calogero/Menkab 

MATING 

©Vincent Legrand
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ANNEX VI – GPS CONTROLS 

GPS SETTINGS 
• Verify GPS batteries are fully charged and ALWAYS take the charger or spare batteries

ready to use.
• Before boarding, download a mobile app on the phone for track recording just in case GPS

does not work (i.e., Boating or OSM track).
• Synchronise all clocks (GPS, Tablet, mobiles if used to collect data with Apps and

cameras).
• The GPS needs to continuously track and record the position. Also, track recording must

be set to maximum possible resolution, depending on the battery runtime and the
activity duration (i.e., the optimal frequency is 15-30 seconds for an activity of approximately
10 hours).

• Set the automatic saving of the daily recorded track. Attention: depending on the type of
GPS, the device may lose part of the original data during the saving, reducing it to a polyline
instead of a series of points. Something similar was already experienced while exporting data
recorded with mobile Apps. Therefore, it is highly recommended to check saving settings
earlier to avoid information getting lost.

• In case of problems with GPS track recording, remember to record the position, time, speed
and route AT LEAST every 20 minutes or every time a change in ship’s heading occurs.

• Set coordinate as “decimal degree” format with more than 3 decimal values (i.e.,
41°,32557 N), DATUM WGS84.

• Use the alphanumeric codes automatically generated by GPS to mark waypoints.
• Use the following code for the points marked on the GPS:

Code Definition Explanation 
BEG Beginning effort fauna Beginning of survey on mega/macro fauna 
BEG_lit Beginning effort litter Beginning of litter survey 
STOP Stop effort fauna Break during survey on mega/macro fauna 
STOP_lit Stop effort litter Break during litter survey 
START Start effort fauna Restart of the survey effort on mega/macro fauna 
START_lit Start effort litter Restart of the litter survey effort 
END End effort fauna End of survey on mega/macro fauna 
END_lit End effort litter End of litter survey 
WP WayPoint Positions along track 
MET Weather conditions When a change in weather occurs 
AVV Cetacean sightings Position of sightings 
OS_SIGHT Other sightings Position of sightings 
NAV Naval data Position of systematic scan samplings in absence 

of cetacean sightings 
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1

2

Press MARK at the location. If 
necessary, select a field to edit the 
waypoint. Select Save 

Press ENTER to confirm the saving. 

ATTENTION: if this third step is not 
undertaken, data get lost!!!!
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ANNEX VII – BEAUFORT SCALE 

(source: Royal Meteorological Society) 

Wind 
Force 

Description Wind 
Speed 

Specifications Probable 
Wave 
Height 

Sea 
State 

km/h knots metres Max 
0 Calm <1 <1 Smoke rises vertically. Sea like a mirror -- -- 0 
1 Light Air 1-5 1-3 Direction shown by smoke drift but not 

by wind vanes. Sea rippled 
0.1 0.1 1 

2 Light Breeze 6-11 4-6 Wind felt on face; leaves rustle; wind 
vane moved by wind. Small wavelets on 
sea 

0.2 0.3 2 

3 Gentle Breeze 12-19 7-10 Leaves and small twigs in constant 
motion; light flags extended. Large 
wavelets on sea 

0.6 1.0 3 

4 Moderate Breeze 20-28 11-16 Raises dust and loose paper; small 
branches moved. Small waves, fairly 
frequent white horses 

1.0 1.5 3-4

5 Fresh Breeze 29-38 17-21 Small trees in leaf begin to sway; 
crested wavelets form on inland waters. 
Moderate waves, many white horses 

2.0 2.5 4 

6 Strong Breeze 38-49 22-27 Large branches in motion; whistling 
heard in telegraph wires; umbrellas used 
with difficulty. Large waves, extensive 
foam crests 

3.0 4 5 

7 Near Gale 50-61 28-33 Whole trees in motion; inconvenience 
felt when walking against the wind. 
Foam blown in streaks across the sea 

4.0 5.5 5-6

8 Gale 62-74 34-40 Twigs break off trees; generally impedes 
progress. Wave crests begin to break 
into spindrift 

5.5 7.5 6-7

9 Strong Gale 75-88 41-47 Slight structural damage (chimney pots 
and slates removed). Wave crests topple 
over, spray affects visibility 

7.0 10.0 7 

10 Storm 89-102 48-55 Seldom experienced inland; trees 
uprooted; considerable structural 
damage. Sea surface largely white 

9.0 12.5 8 

11 Violent Storm 103-117 56-63 Very rarely experienced; accompanied 
by widespread damage. Medium-sized 
ships lost to view behind waves. Sea 
covered in white foam, visibility seriously 
affected 

11.5 16.0 8 

12 Hurricane 118+ 64+ Devastation. Air filled with foam and 
spray, very poor visibility 

14+ --- 9 
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ANNEX VIII – LITTER PHOTO-CATALOGUE 
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REFERENCES: 
• Masterlistphotocatalogue_FERRY, ISPRA.
• Fleet, D., Vlachogianni, Th. and Hanke, G.,

2021. A Joint List of Litter Categories for
Marine Macrolitter Monitoring, 2021. Link.

• Online Photo Catalogue of the Joint List of
Litter Categories. Link.

https://mcc.jrc.ec.europa.eu/documents/202103260511.pdf
https://mcc.jrc.ec.europa.eu/main/photocatalogue.py?N=41&O=457&cat=all
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ANNEX IX - DATA SHEETS



81 



82 



83 



84 



85 



86 



87 

Practicalities the multidisciplinary monitoring - INDEX 

1. Introduction ........................................................................................................................................ 88 

2. Preparatory activities ...................................................................................................................... 88 

2.1. Dietary needs ................................................................................................................................. 88 

3. During the campaign ....................................................................................................................... 89 

3.1. Briefing ............................................................................................................................................ 89 

3.2. Rules of general conduct ............................................................................................................. 89 

3.3. On the command deck ................................................................................................................. 90 

3.4. In the engine room ....................................................................................................................... 90 

3.5. End of the campaign ..................................................................................................................... 91 



88 

1. Introduction

This document is intended to give a brief overview of the practical aspects before getting on board 
for the “Multidisciplinary” monitoring being developed as part of the Life project CONCEPTU MARIS. 
The activity onboard includes standard visual data collection, eDNA and isotopic water sampling and 
filtering, and measurements of biotic/abiotic parameters by ship sensors, performed simultaneously 
along the same fixed route by a team of partner experts. Moreover, this document could be a handy 
reference for standard visual monitoring activities on board the ferry. 

2. Preparatory activities

Before getting on board, prepare yourself mentally that you will be on board for a few days. 
Passenger ships may be very different from each other, being more or less comfortable, so you 
might be asked for a strong ability to adapt. You may share your cabin with people you first met so 
get ready for any eventuality.  
When preparing for the departure, try to pack light your suitcase, considering that you will also 
have the equipment and you will be restricted in movements to and from the port. 
You can use suitcase backpacks for the utmost convenience or a trolley, keeping in mind that the 
space in the cabin is not excessive. If you will be accommodated in a cabin for four people (the 
maximum number that can be accommodated), it is advisable to avoid bringing bulky luggage to 
save space for comfort.  
For the equipment used for the activities on board, especially for visual monitoring, it is advisable to 
arrange a few days in advance with the team to decide who will carry the equipment to avoid extra 
loads. If the route crosses different time zones, it is a good idea to take on board a wristwatch or 
a non-digital timer/alarm clock to avoid getting confused and presenting yourself early or late at 
appointments with the rest of the team. 
Considering that you will often be at sea and far from the coast, the phone will have no connection 
and no signal, so inform your relatives that you will be unreachable for a few days. If you need to 
connect to the internet, however, the ferry companies usually provide a Wi-Fi service, but this option 
is paid and expensive. 
Moreover, orienting yourself and memorising landmarks is important, especially on large ships. 
You might sometimes need to separate from the rest of the team, and you will need to know where 
to go when alone.  

2.1. Dietary needs 

Each of us may have food preferences determined by tastes, ethical choices, or allergies. You should 
be aware that meeting these needs on board is not an easy task. Therefore, you had better take on 
board food supplies from home, sweet or salty, at your preference, which can be kept in the cabin, 
considering that the fridge is not provided. 
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3. During the campaign

3.1. Briefing 

The initial briefing is one of the essential parts of the entire campaign, together with the final 
debriefing. After settling into your cabins, it would be the case to meet all together, possibly in a 
public space, to meet and be identified by the rest of the crew.  

The briefing allows for discussing the following points: 
● Welcoming and introduction of the whole team.
● Organization on the specific roles of each component on board, defining who is doing

what precisely. Working/rest timetables should be defined at this stage, especially for the
part of the team performing nocturnal sampling, which needs to rest to avoid errors and
distractions during the activity. Cabin arrangements should consider this point, keeping
together in the same cabin those with a similar work schedule.

● Highlighting the importance of communication among team components: every day,
the team should meet at the start and end of the day to take stock of the situation, the
scheduled/performed activities, time necessities, and issues to be solved.

● Providing instructions about rules of general conduct.
● Organization of lunch and dinner breaks (i.e, usually lunch and dinner for the staff are

at 11:00 or 12:00 and 18:00 or 20:00 on board the “Cruise Smeralda” Grimaldi ferry).
● Identification of precise meeting points for the entire duration of the campaign,

especially in case of a large ship (reception, bar, etc), and memorize the cabin numbers of
the whole team (if something happens, you need to know which door to knock).

3.2. Rules of general conduct 

On board, we should always remember that we are guests and have access to spaces that are 
normally off-limits. The crew kindly share rooms, food and drinks with us, so we should not impose 
ourselves too much, but always be respectful and grateful  
As soon as you board, you will meet the ship's purser who will check you in. Remember his or her 
face because he or her will be your contact if there are any problems with the accommodation or 
the cabin. 
The first place you board is the reception. Introduce yourself to the staff in an unpretentious way 
and explain who you are. State your name and try to remember the name of the person behind the 
counter so that you feel more comfortable the next time you are on board. 
Pay attention to every detail: the crew's uniforms, the surroundings, etc. The crew is 
hierarchical, but you should be cordial and friendly to everyone, regardless of their rank. Keep it 
formal and use the third person, especially at the beginning. You can change the language, and 
move to a more informal form if the person allows you.  
If the commander is present in the dining room, do not start eating before him: it is a sign of respect 
and education to wait for him to start first. Help yourself to the food you want, but always give 
priority to the crew: some food might be 'limited', in which case help yourself afterwards. Sometimes 
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you will be served by someone from the crew. In this case, you should politely express your wishes. 
Keep your voice and manner at the table light and friendly and do not use foul language. 

3.3. On the command deck 

To access the command bridge, you will have to cross the corridor with the officers' cabins. Stay 
quiet and careful; the crew have different schedules so everyone can sleep at any time of the 
day. You must be quiet and accompany the door until it closes so that it does not slam and make 
noise. 
Always knock before entering the command deck; officers always do this, so take it as an example. 
Once you have entered the command deck, take up positions on each side and start working. Keep 
your position clean at all times so as not to disrupt the operations on board. Remember that the 
bridge is a workplace, but also a place where officers let off steam, everything is recorded and you 
must be careful. There are many buttons and controls that must not be touched, so keep your 
eyes open at all times!!! 
During sightings, try to contain your excitement, do not shout and always try to maintain a calm 
tone of voice, especially if you receive calls or see that the crew is engaged in conversation or the 
commander is present. 
Avoid taking photos and videos of the entire bridge as the crew may sometimes become annoyed. 
Always ask permission from the on-board staff before doing anything (e.g. entering the toilet). For 
example, if you need water, ask the staff politely. In most cases, staff will offer you a coffee, but 
remember that the command deck is not a bar. If no one offers you coffee, do not ask for it! 
You must leave the command bridge a little earlier than the arrival time: manoeuvring is the most 
delicate moment and the captain and officers must not be disturbed. When the time comes, end the 
monitoring activity, greet politely and leave. Remember that you have to position a loaded GPS on 
one side of the bridge in order to track position during night time, if the ship is underway. This will 
allow the team to trace the exact locations of the water sampling points that will take place during 
the night. Take care to warn the crew of this initiative as well. 

3.4. In the engine room 

In the engine room, the situation is far different from the bridge and all the places where you 
previously had to be silent; now, you are in a very noisy place, so be ready to work in such conditions 
and protect your ear properly.  
Safety comes first; you need to wear suitable clothing, but overall, pay attention to every 
movement: grease could be on the ground, so you have to pay attention to not slip. Wear protective 
footwears and watch your head at all times, wearing a helmet to protect it. Finally, do not access 
the engine room alone; always be a couple of you, at least.  
In the control room, you will find the crew personnel: before starting and after finishing the sampling 
activity, always stop by to say hello to inform them you are there or you are leaving, and always be 
kind and polite. The control room is a safe resting place; you will find the bathroom, water, food, 
and coffee. All these comforts are at the ship's expense, so try not to take too much advantage! 
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3.5. End of the campaign 

At the end of the campaign, a debriefing with the whole team is necessary to highlight general 
positive outcomes, activities worked out as planned or requiring improvement, and to define useful 
recommendations for the next campaign. 
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INTRODUCTION 
Following two main meetings among Life CONCEPTU MARIS partners and the Advisory Board 
members, six case studies were agreed to analyse, summarised in the following Table 1: in red the 
existing indicators that were planned to test, in black the description of the analysis to be performed, 
and in blue the species and species-groups on which the study focus on (sea turtle, baleen whales, 
small-odontocetes, and deep-divers). All parameters were covered as well as all groups. Some of 
the proposed analyses were already tested and published (see references); in some cases the studies 
performed here upgraded and fine-tuned those already published, whereas others developed and 
tested new analytical approaches. All the analyses were performed using the previews collected FLT 
Med Network data (from 2007 to 2020). 
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Table 1 Study cases planned to be run for the Action 2.2, with parameters, indicators, analysis, groups or species focus 
on and the structure leader of the study 

The results of the case studies are presented in the following chapters, some studies 
tackling two parameters with the same species and area and dataset were grouped. 

3 Zampollo A., Arcangeli A., Costantino M., Mancino C, Crosti R., Pietroluongo P., Azzolin M. (2022) Seasonal niche and spatial distribution modelling of the loggerhead (Caretta caretta) in the Adriatic and Ionian seas. 
Aquatic Conservation: Marine and Freshwater Ecosystems.  https://doi.org/10.1002/AQC.3815 
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1. Introduction

Fin whale’s presence and distribution in the Mediterranean basin was investigated at different spatial and 
temporal scale. A first attempt in defining trends in species abundance, was implemented in Tepsich et al. 
(2021) . The authors defined a methodology to investigate trends in fin whale presence in the Mediterranean 
basin, using the dataset from the FLT Med Network, over the period 2008-2018. The methodology foresaw: 
- Use of Distance Sampling analysis, to identify the ESW (Effective Strip Width Parameter): 2ESW
measures the overall width of the strip which can be considered as effective.
- Analysis of correlation among outbound/return trip, single trips within the same week, and single trips
within 2 weeks.
- Computation of Density (number of individuals/ 100 km2) as a proxy for abundance estimate.
- Analysis of anomalous years.
- Use of GAMs to define trends over a 11th years period.
Results evidenced the presence of anomalous years, both at basin (North-western Mediterranean) and sub-
basin (Western Pelagos Area – Pelagos area – South-Eastern Pelagos Area) level. GAMs models though being
able to catch the strong interannual variability, lacked the needed precision in highlighting trends for the
reporting periods (2007-2012; 2013-2018), given the need of considering the entire time period to fit the
statistical models.
With this upgraded test we aim at improving the methodology and to propose an effective index to evaluate
trends in Abundance (to be intended as Relative Abundance, using observed density as an effective index) for
baleen whales.

2. Material and method

2.1. Area of study 

Study area encompasses the Western Mediterranean region as shown in Figure 1. Eastern basin 
and the Ionian Region were not included as no data on fin whale records were available. 

Figure 1 Area of study (DOI: 10.7717/peerj.10544/fig-1) 
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2.2. Data 

Data used in this test are the same used in Tepsich et al. (2021). For each monitored route, each 
trip, considering a single trip from port to port, is considered as the statistical unit as an independent 
transect. After eliminating points where weather conditions were not ideal and during which 
observers were not on-effort, the total length of each obtained transect was computed. Transects 
were grouped into Transect-Groups according to the route and the sea area covered. Consequently, 
routes along which sampled transects differ from outbound and return, thus not sampling the exact 
same transect, were divided into separate transect groups (Table 1). For each transect group, the 
maximum length recorded for a single transect was used in order to set a threshold value for 
assessing transect representativeness: within each transect group, transects not reaching the 30% 
of the maximum length were discarded from the analysis. Finally, for each transect, the total number 
of fin whale sightings and total number of individuals sighted was computed. 

Route 
Transect 
group Years 

N° transects 
[discarded] 

Maximum—Total 
Length (km) 

1 Toulon—Alcudia TAL 2018 1 287.2–287.2 

2 Toulon—Ajaccio TAJ 2011; 2014-
2018 

34 265.26–7,664.89 

3 Toulon—Ile Rousse TI 2018 2 159.9–294.3 

4 Toulon—Bastia TB 2018 1 195.8–195.8 

5 Nice—Calvi/Ile Roussea NC 2009-2018 193 [8] 165.71–26,409.85 

6 Nice—Bastia NB 2017-2018 7 217.33–1,286.85 

7 Savona—Calvi/IleRousse SC 2013-2015; 
2018 

52 178.01–7,954.03 

8 Savona—Bastia SB 2008-2018 260 [27] 189.32–38,127.85 

9 Livorno—Bastia N_LB 2008; 2010-
2016 

73 115.03–7,874.55 

S_LB 2008-2018 141 [1] 119.32–14,531.67 

10 Livorno—Golfo Aranci LGA 2012-2018 110 [1] 298.49–26,051.97 

11 Civitavecchia-Barcelona W_CVBA 2012-2018 61 [1] 529.29–26,793.5 

E_CVBA 62 [2] 537.17–24,698.46 

12 Catania-Civitavecchia CTCV 2010-2011 43 631.82–17,324.55 

13 Palermo-Tunis PATU 2014-2018 27 349.26–6,423.87 

14 Tunis-Civitavecchia N_TUCV 2014-2015 5 342.42–1,337.61 

S_TUCV 4 275.92–1001.96 

15 Cagliari—Palermo CAPA 2014-2018 52 [1] 396.59–13,577.55 

16 Ancona—Patras N_AP 2015-2017 11 [1] 439.83–2,785.84 

S_AP 9 [1] 410.01–2,635.21 

Table 1 Routes and years of data collected by FLT used in the test (https://doi.org/10.7717/peerj.10544/table-1) 

https://peerj.com/articles/10544/#table-1fn1
https://doi.org/10.7717/peerj.10544/table-1
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2.3. Method 

The Methodology foresees the application of a strip transect framework, which allows for the 
computation of observed densities. The overall procedures up to the identification of observed 
Densities was maintained, briefly: 

- Only data with effort conducted in sea-state <= 4 Beaufort were used, and equal probability
of observing fin whales from sea state 0 to sea state 4 was assumed

- For outbound/return trips performed within the same day, as a correlation in fin whale
observed presence was evidenced, one transect was randomly selected among the two
available.

- ESW was computed separately for each different type of ferry used in the monitoring
network, with types identified by height of main deck

- Density (D) was computed for each transect (t) as: [Dt=nt / 2ESWtypelt ∗100]. Where n is the
number of observed fin whales and l is the total length of the monitored transect (see Tepsich
et al. 2021 for further details)

The proposed upgrade applied a moving average on the computed yearly densities. One of the main 
advantages of using moving averages in the analysis of timeseries, is that they provide a smoothed 
analysis of the observed data, less prone to ‘random’ or punctual variation. Considering anomalous 
years as punctual variation in the observed trends, we applied a moving average in order to better 
define presence and direction of trends.  
We first ran some preliminary tests in order to define direction and width of the moving average.  
Given Y as the target year, moving averages can be computed as centred (considering from Y-n to 
Y+n, with n depending on the width of the moving window we are applying), left aligned (from Y to 
Y+n) or right aligned (from Y-n to Y).  
Considering the ecology of the target species, it has been demonstrated that baleen movements are 
guided by memory of the previous years. Keeping the aim as the understanding of trends over the 
6 years-period for HD and MFSD purposes, we applied a moving average left centred. We then 
tested two different widths for the moving window, a 2 and a 3 years window.  
As a consequence, yearly Densities were transformed into to ‘moved’ Densities, as for each year the 
observed density was averaged with the density observed during the previous or the two previous 
(respectively for the 2 and 3 years width) years.  
Trends were then computed by considering the two reference periods separately, and the statistical 
significance of the regression line were used as a proxy for trend significance.  
Analysis were performed using transects from all routes grouped together as representative of the 
Western Mediterranean Region. A sub-regional analysis was also performed on three different sub-
regions: the Pelagos Sanctuary (PEL), which includes the transect groups TI, TB, NC, NB, SC, SB, 
N_LB, S_LB, LGA, E_CVBA; the Western Pelagos (NWM), including the transect groups TAL and 
W_CVBA; the South-Eastern Pelagos (SWM), defined by the transect groups CTCV, PATU, N_TUCV, 
S_TUCV, CAPA.  
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3. Results

The following figure represent the changes in observed densities (black lines) when applying a 2 
year right-aligned moving average (red line) and a 3 years right-aligned moving average (green 
line).  

Figure 2 Yearly observed densities: Black line represent the original values, Red line the 2-year right aligned moving 
average, the Green line the 3-year right aligned moving average. 

Trends are represented in the following figures, for the 2-year (Fig.3) and 3-year (Fig.4) 

Figure 3 Trends for the two reference periods, identified 
on the 2-year moving average on the observed densities. 

Figure 4 Trends for the two reference periods, identified 
on the 3-year moving average on the observed densities. 
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Observed mean densities are 0.21 (0.05-0.37 95%CI) for the first period and 0.33 (0.22-0.44 
95%CI) for the second period considering the 2-year window. Similar results were obtained with the 
3 years window, with mean density 0.22 (0.01-0.42 95%CI) for the first period and 0.33 (0.26-0.4 
95%CI) for the second period. 
An increase in mean density of fin whales were observed from the first to the second period, but 
with a significative negative trend observed during the second period.  

Considering the sub-area scale, trends are represented in the following figures. 

Figure 5 Trends for the two reference periods, identified on the 2-year moving average on the observed densities at a 
subregional scale, respectively the Western Pelagos (nwm), the Pelagos Sanctuary (pel) and the South-Eastern Pelagos 

(swm) 
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Figure 6 Trends for the two reference periods, identified on the 3-year moving average on the observed densities at a 
subregional scale, respectively the Western Pelagos (nwm), the Pelagos Sanctuary (pel) and the South-Eastern Pelagos 

(swm) 

At sub-area scale, the comparison of mean density within the two 6-years HD referenced periods, 
as requested by HD, was available and computed only for the PEL area. Result shows that the mean 
density was 0.25 (0.06-0.44 95%CI) for the first period and 0.38 (0.31-0.45 95%CI) for the second 
period – applying a 2 years window.  Considering the 3year window, mean density in the PEL was 
0.26 (0.05-0.48 95%CI) for the first period, and 0.37 (0.33-0.42 95%CI) for the second period. So, 
a positive trend was highlighted, but with an increase trend during the first period and a 
stable/negative trend during the second. 

4. Comments

The 2 year-moving average methods performed better in smoothing peak events within the 
timeseries, but still catching the interannual variability, which characterize the presence and 
distribution of the species in the Mediterranean basin. Moreover, the 3 years moving average reduces 
the possibilities of analysing the dataset if not enough data are available (e.g. in this case, for the 
first reference period).  
Considering the Western Mediterranean Region, by grouping data from all monitored routes it was 
possible to highlight effective and statistically significative trends. The positive trend highlighted for 
the first 6-years reference period resulted in a higher mean value of densities measured during the 
second period.  This indicate that the proposed methods could not only be used to evaluate 
differences between consecutive periods but also to highlight trends within each reference period 
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that could give an indication on what to expect in the following reference period. This underlines the 
need for detecting trends also WITHIN each 6-years reference periods, as to have 
indication on how to interpreter the trend BETWEEN the reference periods. As for this 
case indeed, the trend between Reference periods was positive, but as a result of the positive trend 
of the first period, while the trend was negative within the second 6-years period.  
Looking at sub-areas, no significant trend could be highlighted confirming that the high variability 
at local scales could prevent to define trends by using dataset restricted to specific 
areas.  
Data collected within the CONCEPTU MARIS Project would allow to provide density estimates and 
trend evaluation over the third reference period (2019-2024), with a comparison with previous 
reporting periods and a possible trend for the following one. 
The proposed methodology is highly applicable also to other considered species, such as 
the small odontocetes (e.g. Striped dolphins).  
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1. Introduction

This exercise was made to verify if data collected along fixed transects on the Adrion Region (Adriatic 
and Ionian Sea) allow studying the abundance of a small odontocete species such as the striped 
dolphin (Stenella coeruleoalba), applying the strip-transect approach, providing valuable information 
about the Habitat Directive species indicator “population”.  

2. Material and method

2.1. Area of study 

The area of study is the Adriatic and Ionian Sea Region, an area that includes the central and 
southern Adriatic Sea as well as the north-eastern Ionian Sea. Figure 1 shows the effort along ferry 
transects and the location of each striped dolphin sighting. 

Figure 1 Area of study – ADRION Region: on the left effort on the right the location of striped dolphin sightings 

2.2. Data 

Table 1 summarizes effort and sighting data, and provides information about the mean values of 
encounter rate (number of sight/km of effort). 

2015 2016 2017 2018 2019 2015-2019 

N. Survey (total) 41 17 17 19 24 118 
KM Effort (total) 11540 5106 4146 5882 8107 34782 
N. Sighting (total) 36 13 9 27 12 97 
N. Animal (total) 171 46 34 298 58 607 
ER (mean) 0,003 0,002 0,002 0,004 0,001 0,003 

Table 1 N. of surveys, Km of effort, N. of sighting, Encounter rate, N. of animal. 
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2.3. Method 

Surveys were conducted from the ferries’ command deck by a team of at least three experienced 
MMOs (Marine Mammals Observers). Radial distance and angle between cetacean sighting and ferry 
course were measured for each sighting, then converted into perpendicular distances. A strip-
transect framework analysis was then applied to the dataset, and the Effective Strip Width (ESW) 
was calculated using the package RDistance (version 2.1.3) in R (version 3.6.1). A half normal model 
was chosen as detection function. Density of striped dolphin along the transect (Dt) was then 
computed as: [Dt = (nt /2ESWlt)∗100] (nt=number of animals observed along the transect; lt = total 
length of the transect). Dt was finally calculated for the total dataset and for each year of research. 

3. Results

118 surveys over five years of monitoring activity (2015-2019) and 34,782 Km of effort allowed for 
collecting data about 97 striped dolphins sighting. ESW for striped dolphins in the Adrion Region 
resulted 0.058Km. Dt for the whole period was then calculated as 15 animals/100 Km2. Values were 
slightly changing over the years, highlighting some differences in striped dolphin abundance in the 
short-term, the significance of which still need to be investigated (Table 2). Differences among years 
could be linked to the movement of animals across the whole Adrion Region, suggesting the need 
to carry out analysis on a sub-regional scale, Adriatic and Ionian Seas separated, instead of at a 
wider scale, also considering potential seasonal shifts and animal movements across the investigated 
area. 

Year Dt 
2015 12.77 
2016 7.77 
2017 7.07 
2018 33.38 
2019 6.17 

Table 2 Dt for each monitored year. 

4. Comments

The type of data collected along the FLT transect allowed the calculation of a density index value 
(Dt) applying strip transect methodology and calculating the ESW. Nevertheless, modelling is still 
necessary to convert this index into a final number of individuals for the whole Adrion Region. Since 
in this area FLT Network may account on just a single line, further analysis would be necessary to 
model Dt spatial variability for the whole region. A “variography” approach would be useful in that 
regards. 
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1. Introduction

Marine turtles occupy two very distinct environments during their lifetime: the marine environment where 
they spend most of their lives and the terrestrial environment for their nesting. If nesting beaches are 
monitored, what happen at sea is far less known. This study was launch in order to find an appropriate 
method fitting the FLT Monitoring Network data specificities, and giving first an estimation of the range of 
the species and secondly being able to compare the range from one reporting period to the other. Existing 
data on sightings of turtle collected aboard ferry were used to test the methodology on the most frequent 
species the loggerhead turtle (Caretta caretta) in the western Mediterranean Sea to provide maps and 
numbers for the parameter “range”. 

2. Material and method

2.1. Area of study 

This study focuses on the west Mediterranean basin (Figure 1) 

Figure 1 Area of study. 
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2.2. Data 

The dataset in this study comes from data collected on Caretta caretta species onboard ferries from the 
partners involved in the Fixed Line Transect project across the Mediterranean Sea, between 2011 and 2021 
(Table 1). 1,888 sightings in effort were pooled together from the different partners and years.  

Years of data 
collection 

Data providers and responsible of the route Turtle sightings 

2011-2021 Univ. Pisa/Accademia del Leviatano/ISPRA 

1888 

2011-2019 EcoOcéan Institut 
2012-2019 Univ. Pisa/ISPRA 
2012-2021 Accademia del Leviatano, Univ. Roma TRE, Univ. Tuscia/ISPRA 
2013-2021 Capo Carbonara Marine Protected Area 
2016-2021 Università di Palermo/Accademia del Leviatano/Ketos 
2018-2019 CIMA Research Foundation 
2018-2020 Université de Barcelone 

Table 1 Routes and years of data collected by FLT. 

The following maps (Figure 2 and Figure 3) represent the tracks of effort made aboard ferries for the two 
periods, one from 2011 to 2016 and the other from 2017 to 2021.  

Figure 2 Maps of the effort by ferries made for the first 
period (2011-2016). 

Figure 3 Maps of the effort by ferries made for the 
second period (2017-2021). 

2.3. Method 

2.3.1. Distance Sampling 

Among the 1,888 sightings of turtles, 673 sightings have been recorded applying a line transect method, with 
the measure of angle and distance required to apply the Distance Sampling (DS) analysis. The others were 
collected on a strip transect mode over a 50 m bandwidth. Thus, the DS analyses were performed with those 
673 sightings, processed with the standard R software (version 3.6.3) and Distance package.  
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Due to data specificity, a two-step method for performing model selection of distance sampling models in 
the face of overdispersion (Howe et al., 20191) was chosen, and the following equation was used : 

QAIC is the adjusted version of AIC, where log L is the log likelihood value, “theta” is a vector of maximum 
likelihood parameter estimates, and K is the number of parameters in the current model (Lebreton et al., 
1992). Burnham and Anderson (2001, 2002) clarified that ĉ should be included as one of the K parameters. 
The two-steps model selection procedure begins with a selection among models with the same general form 
(step 1), and then a goodness-of-fit statistic is used to select among models with different forms (step 2).  
Then, 6 covariates were added to fit the 25 different models from without covariables to combination of 
three of them: 

- Beaufort (Sea state)
- Mean speed of the ships (in knots)
- Year (as a covariate)
- Platform height (in meters)
- Name of the ships (as a covariate)
- Name of the partners involved in data collection (as a covariate)

The result of the fitting of the function give as results the effective strip width (ESW) as ESW = Pa * w (with 
Pa = probability of detection of a turtle, w = strip width) and also the mean group size (s). 

2.3.2. Poisson kriging 

Kriging is used to perform spatial interpolation, i.e., predict the value taken by a natural phenomenon at a 
site from specific observations of this phenomenon at neighbouring sites. Kriging is a multiple process; it 
includes the exploratory statistical analysis of the data, the modelling of the variograms, the creation of the 
surface and possibly the exploration of the variance surface. Not only does geostatistics provide an optimal 
prediction surface, but it also provides a measure of confidence in the likelihood of that prediction being 
true. So, kriging can generate prediction surfaces and surfaces that describe the prediction quality of the 
model. A specific geostatistical kriging has been developed (Monestiez et al., 20062) to consider the variability 
of the counting under the Poissonnian hypothesis, fitting better the data, and to be able to interpolate 
continuously (even where the effort is zero) the value.  
Here the value will be first the Encounter Rate (ER) as sighting/km in effort, in each cell of a regular grid. All 
the 1,888 sightings in effort were used. Input grids of 10 x 10 km and 50 x 50 km were tested, and the second 
was chosen to lower the noise due to low number of sightings in some areas resulting in a map with high 
spatial variability. The variogram was calculated with the whole dataset (2011-2021), and the specific Kriging 
system was then applied to assess counts variability under a Poisson distribution assumption and to 
interpolate encounter rates. A map of those predicted ER and an associated map of variance on an output 
grid of 10x10 km can be obtained. 

1 Howe, Eric J ; Buckland, Stephen T ; Després-Einspenner, Marie-Lyne ; Kühl, Hjalmar S. / Model selection with overdispersed distance sampling data. In: Methods in Ecology and Evolution. 2019 ; Vol. 10, No. 1. pp. 
38-47. 
2 Monestiez P., Dubroca L., Bonnin E., Durbec J.-P. & Guinet C., 2006. Geostatistical Modelling of Spatial Distribution of Balaenoptera Physalus in the Northwestern Mediterranean Sea from Sparse Count Data and
Heterogeneous Observation Efforts. Ecological Modelling 193 (3-4): 615-628. https://doi.org/10.1016/j.ecolmodel.2005.08.042 

http://examples.distancesampling.org/Distance-cameratraps/camera-distill.html#ref-howe_model_2019
https://doi.org/10.1016/j.ecolmodel.2005.08.042
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In a second step, the kriging was reprocessed with data of each period. 
Finally, in order to compare results, it was decided to work only with cells with effort that are common for 
both periods, and the kriging has been reprocessed with data only in those common cells. 

2.3.3. Density 

In order to know the density (D) of turtles, the effective strip width (ESW) and the groups size (s) obtained by 
the DS analysis are used and computed in each cell of the kriging as: [𝐷𝐷= 𝑛𝑛.𝑠𝑠 / (2. L. ESW)] where (𝑛𝑛) is the 
number of sightings, L is the transect line length, and ESW and s come from the DS analysis.  

2.3.4. Range and comparison 

The ’range’ was defined as the “areas where the density of turtle is not negligible”, corresponding to a 
threshold of the 90 percentiles of the density, as “absence” is not easy to define for marine animals that can 
dive. 
Cells with densities above this threshold were kept, and their number and surface were summed per period. 
In order to be comparable from one period to the other, this selection was made only in cells with effort 
common for both periods.  

3. Results

3.1. Global kriging 

The following figures (Fig.4; Fig 5 and Fig 6) presented the different steps of mapping for the kriging process. 

Figure 4: Map of the total effort per cell of 50x50 km for the whole period (2011-2021).  
Effort expressed in 
m travelled 
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Figure 5 Map of the kriging of the encounter rate of the loggerhead turtle from the FLT 
Med Mon Net database for the whole period (2011-2021). 

Expressed as 
number of sightings 
per km in effort 

Figure 6 Map of the variance associated to the kriging of the encounter rate of loggerhead 
turles (2011-2021). 

Expressed as 
number of sightings 
per km in effort 

As expected, the results were far less reliable were there has been no effort at all (areas in red). 

3.2. Kriging per period 

The whole process was done for each 6 years reference period too. Results are shown in Fig.7 and Fig 8. 
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Figure 7 Map of the Kriging of the encounter rate of turtle for the first period 
(2011-2016). 

Expressed as number of 
sightings per km in effort 

Figure 8 Map of the Kriging of the encounter rate of turtle for the second period 
(2017-2021). 

Expressed as number of 
sightings per km in effort 

3.3. Distance sampling 

A right truncation of 5% of the data was applied, and it was also decided to apply a left truncation 
(representing the data < 10 meters of perpendicular distance), because in most of the ferries the area directly 
near the hull is often hidden by maintenance installations, and this prevails any possibility to detect animals. 
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Figure 9 Histogram of perpendicular distance of 673 sightings of turtle made from efrries (2011-2021), with a right 
truncation of 5%. 

After the different tests, the models without covariables were always better (QAIC criterion) in each type 
(half-normal, uniform, hazard-rate) and the ĉ value highlighted the better fitted function to be the uniform 
key function with cosine (1) adjustments. 

Figure 10 Model selected after the two-step method and esw. 

The final results are the following: ESW = 68 m (with Pa = 0.4857143 and w= 150 - 10 = 140 m) and the 
group size (s) = 1.02 (SD = 0.17). 
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3.4. Range 

Kriged maps of encounter rates were transformed in maps of densities, using ESW and S. Based on the 
threshold of 90 percentile of density, cells (10 x 10 km) above and under it were selected. Results are 
presented below.  

2009-2016 2017-2021 

1,879 pixels (red) 2,695 pixels (red) 

187,900 km² 269,500 km² 

Table 2 Result for the estimation of the range of turtles for two periods. 

So, the method used allowed to calculate a range for each period. 

3.5. Comparison of ranges 

Only cells with effort in common for both periods were selected, a kriging was established for both periods 
with their specific kept data, and then the threshold allowed to determine “occupied” cells on which is based 
the range. A mask was then created, based on the cells with common effort, extended with a buffer of half 
the size of a cell based on the lowest variance, so 25 km buffer, to show and compare the kriging results only 
within the common sampled area in the 2 periods. 

period 2009-2016 2017-2021 
Effort in grid cells of 50 x 50 km common to both periods 
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Kriging of the encounter rate of turtle 

Results of the Kriging of the encounter rate of turtle within effort area common to the 2 
periods 

Range of turtle (red cells) based on densities (90 percentile) in the common area of effort 
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Range 605 cells (red) 
54,819 km² 

1,148 cells (red) 
106,366 km² 

Table 3 process to compare the range of turtles between two periods. 

Results can be expressed in different ways: 
● Number of cells:  1,148- 605 = + 543
● Surface in km²: 106,366- 54,819 = + 51,547
● Or difference in percentage: + 94% of the surface from period 1 to period 2.

4. Comments

This method, based on geostatistic has the advantages to take into account the spatial heterogeneity of the 
effort and to often gain in precision (lower variance). Based on the interpolation of a phenomenon (here 
encounter rate), this method infers the spatial structure, the covariance and the also variogram, helping 
estimation of spatial distribution of densities over areas with low knowledge. So, this test shows that this 
method can be used to infer spatial range of turtles from FLT datasets.  
This method is powerful also because following the first step used in this study, another step called block 
kriging (Bellier & Monestiez, 20083) integrates the densities over the entire domain of interest and obtain an 
estimate of the total abundance as well as an estimate of standard deviation provided by this block kriging 
(Bellier et al., 20134). So, the method allows us to answer the parameter “range/distribution” and the 
parameter “abundance”. 
Furthermore, during the Life Conceptu Maris this method will be improved by generalizing to Model Based 
Geostatistics using SPDE - INLA approach in a Bayesian framework. This will help integrate some co-variables 
(bathymetry, distance to the coast) in order to calculate a spatial “drift” which will improve even more the 
robustness of the predictions. 

3 Bellier, E., Monestiez, P., 2008. Model based block kriging to estimate spatial abundance of wildlife populations from count data. In Proceedings of the Eighth International Geostatistics Congress. Julian Ortiz & Xavier 
Emery (Eds.). GECAMIN, Santiago, pp 119-128. ISBN: 978-956-8504-18-2. 
4 Bellier E., Monestiez P., Certain G., Chadoeuf J., Bretagnolle V., 2013. Reducing the uncertainty of wildlife population abundance: model-based versus design-based estimates. Environmetrics, 24 (7), 476-488. DOI: 
10.1002/env.2240
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The weakness of all methods is potentially the effort. If the effort is not enough or not representative, 
whatever the possibilities of the method, the reliability of the results will be lowered. For example, in counts 
according to a Poisson law, the variability of the count is directly proportional to the expected number, thus 
to the effort independently of the density variations.  
Another important point is that the analysis should probably be run within subareas and not over a global 
area as the whole basin according to the data. Indeed, the results of the distribution of densities of turtles 
shows that the north part of the basin and the southeaster do not have the same importance for the species. 
Considering the need to compare, it seems important and obvious to stress that comparison is possible and 
meaningful only on common areas between both periods. This is a strong message for the strategy of 
monitoring, to ensure lines of ferry covering the same large cells used as input grid (here 50 x 50 km). Also, 
it could be more interesting to compare per subareas for marine turtles in the Mediterranean Sea. 
Once those “cells with no negligible densities of turtle” are selected, it could be possible to go further and 
calculate other indicators helping to describe changes in distribution pattern and shift. For example, OSPAR 
indicators for seals could be used, as:  

1) Δ distribution = (B/N – A/N) × 100
Where A is the number of grid cells in a geographical unit of evaluation occupied by turtles during reference 
period A; B is the number of grid cells occupied in a later period B, and N is the total number of grid cells in 
the geographical units of evaluation. Threshold value are defined as: If index > 10% = increase, if negative 
index and < -10% = decrease, otherwise = no change 

2) Shift can also be calculated as: 2(A&B)/ (A+B)
Where A is the number of spatial grid cells occupied by turtles during reference period A; B is the number of 
grid cells occupied in a subsequent period; A&B is the number of identical units occupied during the two 
periods. 
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1. Introduction

This exercise was realized to verify if the data collected along FLT fixed transects on the Adrion 
Region (Adriatic and Ionian Sea) allow investigating distribution, surface of range, and suitable 
habitat of a small odontocete species such as the Striped dolphin (Stenella coeruleoalba), providing 
valuable information about the Habitat Directive species indicators “surface range” and “habitat”. 
With respect to previous analyses (Azzolin et al., 2019; Azzolin et al., 2020 ), only FLT data were 
employed, more features were added to the modelling process, different models were tested, their 
performances were compared, and yearly and seasonal variability in the extension of suitable habitat 
(ESH) were investigated. 

2. Material and method

2.1. Area of study 

The area of study is the Adriatic and Ionian Sea Region, which includes the central and southern 
Adriatic Sea and the north-eastern Ionian Sea. Figure 1 shows the effort along ferry transects and 
the location of each striped dolphin sighting. 

Figure 1 Area of study – ADRION Region: on the left effort on the right the location of striped dolphin sightings. 

2.2. Data 

Tables 1 and 2 summarize effort and sighting data and provide information about the mean values 
of encounter rate (number of sight/km of effort) for the two investigated basins. Data are split 
among years and seasons. The seasonal data span a greater time period than the yearly one 
because, during the CONVID-19 pandemic, only some of the seasons allowed monitoring activity to 
be carried out. Thus, to compare the habitat suitability of different years, just the ones with all 
seasons sampled were considered (2015-2019). Differently, all available data from 2014 to 2021 
were employed to compare habitat suitability among seasons. 

Adriatic Sea Ionian Sea 
2015 2016 2017 2018 2019 2015 2016 2017 2018 2019 
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KM Effort 7096 2222 2213 3369 4860 2808 1531 2227 2928 3346 
N. Sighting 29 11 5 22 4 8 3 4 7 3 
ER 0,004 0,005 0,002 0,007 0,001 0,003 0,002 0,002 0,002 0,001 

Table 1 Km of effort, N. of sighting, Encounter rate for each year of the period 2015-2019. 

Adriatic Sea (2014-2021) Ionian Sea (2014-2021) 

Sprin
g 

Summe
r 

Autum
n 

Winte
r 

Sprin
g 

Summe
r 

Autum
n 

Winte
r 

KM Effort 6830 4444 6135 7159 5615 2631 5690 6415 
N. Sighting 33 26 15 10 11 10 7 4 
ER 0,005 0,006 0,002 0,001 0,002 0,004 0,001 0,001 

Table 2 Km of effort, N. of sighting, Encounter rate for each season of the period 2014-2021. 

2.3. Method 

Sightings data of striped dolphins were collected by experienced MMOs (Marine Mammal Observers) 
monitoring dolphin presence from the ferries’ command deck. Tracks and sightings were spatially 
organised employing QGIS 3.24.3.  

2.3.1. Distribution and range 

The dataset 2015-2019 was employed to investigate species’ distribution and range. A 10Kmx10Km 
cells grid was applied to the study area following HD guidelines. Monitoring effort (km) and the 
number of sightings were calculated for each grid’s cell. The binary presence-absence of the sighting 
was then computed only for cells with effort. A distribution grid was created considering all the cells 
with dolphin presence. The surface range was calculated following HD guidelines, creating an 
envelope around the distribution grids. This spatial calculation was done using the “gap closure” 
procedure (gap=90Km). Unsuitable areas, such as terrestrial ones, were then excluded from the 
envelope. A second approach for investigating surface range was also tested. The encounter rate 
(number of sightings/km of effort in a cell) was calculated for each cell, and a Kernel Density 
estimator (KDE) was used to spatially generalize the distribution of the species occurrence, 
identifying the extent and the core areas within the area covered on effort (real species distribution). 
KDE analysis was set with a resolution cell = 500m and search radius = 50000m. The 95% isopleth 
was used to define the extent of occupied area calculated in km². 

2.3.2. SPATIAL MODELLING – SUITABLE HABITAT 

A 1Kmx1Km cells’ grids was applied to the study area for spatial modelling. Monitoring effort (km), 
and number of sighting were calculated for each grids’ cell. Cells with effort less than 100m were 
considered without effort. The encounter rate (number of sightings/km of effort in a cell) was 
calculated for each cell. The binary presence-absence of sighting was then computed only for cells 
with effort. Fourteen features were considered for each grids’ cell: distance from coast, depth, slope, 
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longitude, latitude, distance from 40m bathymetry, distance from 100m bathymetry, distance from 
200m bathymetry, distance from 500m bathymetry, distance from 1000m bathymetry, distance from 
1500m bathymetry, distance from the nearest submarine canyon, yearly/seasonal mean Sea Surface 
Temperature (SST), yearly/seasonal mean Chlorophyll (Chl-a). The last two dynamic features were 
obtained from NASA Ocean Color (https://oceancolor.gsfc.nasa.gov), in a 1-km-grid square, with a 
yearly or seasonal temporal scale.  Different models from the seven following main algorithms 
categories were chosen to test their overall capability for predicting potential suitable habitat: 1. 
Ensemble: random forest (RF), gradient boosting decision trees (GBDT); 2. Regression:  Generalized 
additive model (GAM); 3. Logistic Regression: Logistic regression (LR); 4. Decision tree: Decision 
trees (DT); 5. Instance-based: K-nearest neighbours (KNN); 6. Support Vector Machine (SVM): SVM 
with radial kernel (SVMradial); 7. Deep Learning: Neural network (NN). The accuracy score, the 
AUC-ROC score and the log loss were calculated for assessing general performances of different 
models. First the encounter rate was employed, then the binary Presence-Absence of sighting was 
selected as targets for multiple classifiers to improve the models’ performance. 50% of data were 
used for testing, and another 50% for forming training dataset. Before the training process, Z-score 
normalization was used to rescale variables so that dissimilar features could be placed on the same 
scale. Two models were run on the whole dataset of each basin (2015-2019). The first (RUN1) 
included only the twelve static features, the second (RUN2) consisted of the static plus the dynamic 
ones (SST and Chl-a). 
MaxEnt (ver. 3.4.4), an algorithm commonly used in searching the maximum entropy for presence-
only data, was also tested. Unlike previous algorithms, MaxEnt models could involve all 
environmental data, regardless of their overlap with effort. The Linear, quadratic, and hinge 
distribution of the relationship between all the predictors at 1 km spatial resolution and the presence 
data were tested. Presence data were represented by cells with at least one sighting. The 
background sampling (cells without sightings, considered references for non-suitable habitat, was 
performed using a default random selection of 1,000 cells within each investigated basin. The 
importance of each variable to the prediction was estimated. As for previous models, two models 
were run (RUN1, RUN2) for each basin, the second including also dynamic features (SST and Chl-
a). The area under the curve (AUC) was used to assess the performance of the models. Predictive 
maps of suitable habitats were obtained. Suitable habitats within each basin were highlighted for 
the total dataset each year and each season. MaxEnt suitable output maps were reclassified in binary 
suitable-unsuitable predictions under the Equal training sensitivity and specificity logistic threshold 
after having also tested the “Minimum training presence logistic threshold” and the “Maximum 
training sensitivity plus specificity logistic threshold”. The outputs binary suitable-unsuitable 
predictions raster were converted into polygon layers, including the highest suitable class only, to 
count the Extension of Suitable Habitat (ESH) in km2 for each year and season. 

3. Results

Figure 2 illustrates striped dolphin distribution along the monitored transect in the Adriatic and Ionian 
Sea. 
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Figure 2 Striped dolphin 10Kmx10Km distribution Grid. 

Figure 3 shows the Surface of the Range calculated following HD guidelines. 

Figure 3 Striped dolphin Surface Range: each year and total dataset. From top right: 2015; 2016; 2017; 2018; 2019; 
2015-2019. 

Figure 4 illustrates the distribution of the species occurrence spatially generalized with Kernel Density 
estimator (KDE).  
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Figure 4 Striped dolphin KDE: each year and total dataset. From top right: 2015; 2016; 2017; 2018; 2019; 2015-2019. 

Both approaches employed for measuring range surfaces show changes over the years. Further 
studies will investigate if these yearly differences can be linked to animal movement across the two 
basins. 

Table 3 summarizes the Accuracy Score, the AUC-ROC score and the Log Loss calculated for 
assessing general performances of the different models, tested on the whole dataset (2015-2019) 
for predicting potential suitable habitat. 

Accuracy Score 

AdriRUN1 AdriRUN2 IonioRUN1 IonioRUN2 

Generalized Additive Models 0.99627 0.99627 0.99700 0.99700 

Random Forest 0.99378 0.99533 0.99550 0.99625 

Logistic Regression 0.99678 0.99678 0.99610 0.99610 

Support Vector Machines 0.99678 0.99678 0.99610 0.99610 

Neural Networks 0.99658 0.99533 0.99610 0.99459 

Gradient Boosted Decision Trees 0.99388 0.99523 0.99550 0.99489 

Decision Tree 0.99378 0.99388 0.99520 0.99489 

K-Nearest Neighbour 0.99627 0.99388 0.99700 0.99700 

ROC-AUC Score 

AdriRUN1 AdriRUN2 IonioRUN1 IonioRUN2 

Generalized Additive Models 0.73021 0.74287 0.64349 0.68096 

Random Forest 0.44190 0.43957 0.43527 0.43238 

Logistic Regression 0.28386 0.30672 0.43223 0.40430 

Support Vector Machines 0.27299 0.39892 0.42912 0.37397 

Neural Networks 0.30874 0.40436 0.49892 0.43290 

Gradient Boosted Decision Trees 0.32051 0.27671 0.20747 0.16471 

Decision Tree 0.50198 0.50120 0.35242 0.35151 
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K-Nearest Neighbour 0.48292 0.50120 0.35973 0.36143 

Log Loss 
AdriRUN1 AdriRUN2 IonioRUN1 IonioRUN2 

Generalized Additive Models 0.02321 0.02300 0.02145 0.02161 

Random Forest 0.13429 0.13315 0.13156 0.13128 

Logistic Regression 0.02089 0.02115 0.02720 0.02706 

Support Vector Machines 0.02165 0.02170 0.03050 0.02588 

Neural Networks 0.03890 0.04255 0.11578 0.12104 

Gradient Boosted Decision Trees 0.05166 0.03737 0.04532 0.03670 

Decision Tree 0.21576 0.21141 0.15716 0.17632 

K-Nearest Neighbour 0.12566 0.21141 0.07743 0.07799 

Table 3 Performance measures of the different tested models. 

Based on current metrics, the best model resulted GAM for both the Adriatic and Ionian Sea. 
Nevertheless, its performance was observed to be strongly related to the train-test split ratio. Figure 
5 displays the Generalized Additive Model curves for all the considered features. 
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Figure 5 GAM curves (Total dataset: 2015-2019; RUN2: all the features). Above: Adriatic Sea; Below: Ionian Sea. 

Table 3 lists AUC values for Maxent models of the whole dataset (2015-2019) with just static features 
(RUN1) or with static and dynamic features together (RUN2). 

Basin Model AUC 

Adriatic Sea (Total dataset: 2015-2019) RUN1 0.897 
RUN2 0.912 

Ionian Sea (Total dataset: 2015-2019) RUN1 0.950 
RUN2 0.954 

Table 3 AUC for MaxEnt models – dataset 2015-2019. 

Since RUN2 always showed greater AUC values, just the results of Maxent models, including both 
static and dynamic features (RUN2), are presented. Figures 6-9 highlight suitable habitats for the 
Adriatic and Ionian Sea: total dataset (figure 6), each season (figure 7), and each year (figure 8-9). 

Figure 6 Adriatic and Ionian Sea SUITABLE HABITAT (Total dataset: 2015-2019). Left: Adriatic Sea; Right: Ionian Sea. 
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Figure 7 Adriatic and Ionian Sea SEASONAL SUITABLE HABITAT (Seasonal dataset: 2014-2021). Above models refer to 
Adriatic Sea, Below ones to the Ionian Sea. Top Left=Winter; Top Right=Spring; Bottom Left=Summer; Bottom 

right=Autumn. 

Figure 8 Adriatic and Ionian Sea YEARLY SUITABLE HABITAT. Above models refer to Adriatic Sea, Below ones to the 
Ionian Sea. Left=2015; middle=2016; right: 2017. 
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Figure 9 Adriatic and Ionian Sea YEARLY SUITABLE HABITAT. Above models refer to Adriatic Sea, Below ones to the  
Ionian Sea. Left=2018; right: 2019. 

After the reclassification in binary suitable-unsuitable predictions of MaxEnt habitat suitability maps 
and their conversion into polygon layers, the Extension of Suitable Habitat (ESH) in km2 was 
measured for each year and season. Figure 10 illustrates its variability across time. 

Figure 10 ESH for Adriatic (blue) and Ionian (red) Sea. Left: different years. Right: different seasons. 

4. Comments

The data collected along the FLT transect allowed investigating of the distribution of striped dolphins, 
the surface of range, and suitable habitat within the Adrion Region (Adriatic and Ionian Sea), 
highlighting the spatial and temporal extension of habitat niches. Following the HD reporting 
guidelines or applying the KDE both lead to a range whose surface encompasses almost the whole 
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Adrion Region. The latter approach seems more promising in that regard; still, a reduction of the 
grid’s cell size and “search radius” is worth trying. 
The data collected along the FLT transect allowed habitat suitability modelling within the Adrion 
Region (Adriatic and Ionian Sea), highlighting the spatial and temporal extension of habitat niches. 
Among the tested Algorithms that employ presence/absence data, GAM was the best. Moreover, 
GAM curves describe the responses of striped dolphin occurrences to the investigated features, 
providing essential information for conservation. Nevertheless, GAM performance is strongly related 
to the train-test split ratio, and its smooth functions could often cause overfitting. 
MaxEnt is a machine-learning technique relying upon environmental predictors and presence-only 
data. The difficulty of collecting reliable absence data makes MaxEnt a suitable tool for predicting 
habitat niches. MaxEnt prediction map can then be successfully used to measure the Extension of 
Suitable Habitat (ESH), allowing their comparison among periods, essential for evaluating the 
species' Conservation Status and the setting of effective conservation measures. 
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1. Introduction

Population distribution range’ (Attribute: Distribution) and ‘Habitat for the species’ (Attribute: 
Habitat) of the Habitat Directive, focusing in particular on the indicators ‘Distribution range surface 
area (proportion of reference range)’ for the first parameter, and ‘Estimation of condition and extent 
of Habitat for the species using SDM’ for the second. The target species considered for this study 
were deep-diver low-density odontocetes: Grampus griseus (Gg), Globicephala melas (Gm) and 
Ziphius cavirostris (Zc). 

At date, no relevant indicators or threshold values have been yet developed for these parameters 
(Palialexis, 2019). However, the Reporting Guidelines of the Habitats Directive (Art. 17, see report 
2019 literature, and expert group on reporting under the Nature Directive EEA. 21 March 2017) 
suggest to evaluate the FRV as the: a) potential range in relation of available suitable habitat 
(“Ecological potential”, the potential extent of range considering physical and ecological conditions) 
or the b) Area Of Occupancy (AOO), defined as ‘the outer limits of the overall area in which a habitat 
type or species is found at present’. In particular, AOO may be estimated based on “known, inferred 
or projected sites of present occurrences”, i.e., ‘the area contained within the shortest continuous 
imaginary boundary that can be drawn to encompass all the known, inferred or projected sites of 
present occurrence of a taxon, excluding cases of vagrancy’ (IUCN Guidelines 2001), where 
“projected site’ is considered as the sites spatially predicted on the basis of habitat maps or models 
(area of potential habitat, also called Extent of Suitable Habitat, ESH); a suspected decline in the 
AOO could consequently be estimated based on the reduction of suitable habitat.   

Using the FLT Med Net dataset gathered across twelve years, this study aims to assess the short-
term trend in the range and habitat of Gg, Gm and Zc between the 2007-2012 period (HD third six-
years reporting cycle) as baseline, and the subsequent periods (2013-2019).  
Prior to performing the suitability modelling the FLT dataset was preliminary tested over the more 
commonly used SDM modelling approaches, in order to assess the more feasible modelling approach 
considering the sampling design and the dataset used. 
Then, five potential indicators of changes were tested: 1) [Occurrence –real distribution] changes in 
the occurrence and core areas of the species detected within the area of effort; 2) [Suitable Habitat 
– ecological potential range] percentage of changes in the Extent of the Suitable Habitat and 3) area
of overlap between the two time periods; 4) [Real Distribution vs ecological Potential Range] changes
in the proportion of real distribution vs the ecological potential during the two periods; 5) [Habitat]
shift in the center of gravity [centroid] of the Suitable Habitat between the two periods.

Overall, the study aims to test and evaluate such methodological approaches and indicators to 
contribute to the species assessment under the requirements of the main nature legislative 
framework. 
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2. Material and method

2.1. Area of study 

Cetacean monitoring was carried out from passenger ferries travelling along 11 trans-border 
transects, which cover the Mediterranean Sea, and connect Italy, France, Spain, Greece, Tunisia and 
Morocco. These transects are included in the Fixed Line Transect Mediterranean Network (FLT Med 
Net, Arcangeli et al, 2019), and are representative of a large proportion of the Western 
Mediterranean Sea and the Adriatic Sea sub-regions. Transects considered for the baseline period 
(2008-2012) covered the effort area shown in dark grey in figure 1, while for the second period 
(2013-2019) also the area in light grey was covered. 

Figure 1 Area of study with the survey effort performed by the FLT Med Net during 2008-2012 (I period baseline, dark 
grey) and during the 2013-2019 (II period, light grey).  The four Mediterranean Sub-Regions are shown in the figure. 

2.2. Data 

Surveys were performed on a seasonal basis with at least 3 surveys per season along each sampling 
transect. Seasons were defined as winter (January to March), spring (April to June), summer (July 
to September) and autumn (October to December). Data on cetacean species were systematically 
collected since 2008 following a standard protocol applied from large vessels (ISPRA 2015). Ferries 
provided an observation point at 20−29 m above sea level and travelled at a mean speed in the 
range of 19−25 knots. Two experienced observers were positioned on the 2 sides of the command 
deck scanning both sides of the ship within an angle of 130° ahead in order to avoid re-counting the 
animals; observations were performed by naked eye; binoculars and cameras were used to correctly 
identify the species and the number of animals.  A dedicated GPS was used for automatically 
recording the survey track at the finest resolution, marking the beginning/ending points and the 
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locations of cetacean sightings. Monitoring was carried out during daylight hours only in optimum 
weather conditions (<4 on the Beaufort scale). 

2.3. Method 

2.3.1. Preliminary model approaches testing 

The preliminary analysis for testing the SMD modelling approaches was performed on the FLT 
dataset used to build the model, and using an independent dataset for model evaluation. The 
independent dataset was collected by Institutions collaborating with the FLT Med Net (i.e. ORCA, 
Ketos-MareCamp) and within the Accobams Survey Initiative (ASI ACCOBAMS 2019) (Table 1; Figure 
2). 

Model building 
dataset 

Independent dataset for 
validation 

G
g

G
m Zc TOT Gg Gm Zc TOT 

Autumn 
1
2 14 4 30 3 7 10 

Winter 2 7 6 15 1 1 

Spring 
2
0 10 29 59 10 2 3 15 

Summer 
5
2 37 

10
3 192 78 25 16 119 

TOT 
8
6 68 

14
2 296 92 34 19 145 

Table 1 Number of sightings records of the three investigated species (Gg, Gm, Zc) used for model building and for 
validation. 



Figure 2 Area of study and data used for model building (grey area) and for model evaluation through independent 
dataset (points) tested over multiple SDM approaches (GLM, GAM, Random Forest, MaxEnt). 

The most common modelling approaches belonging to regression and tree-based methods were 
tested:  GLM, GAM, GAM Negative Binomial, GAM tweedy, MaxEnt and Random Forest. After testing 
for multicollinearity problems through variance inflation factor (VIS), the most commonly used 
topographic and oceanographic variables in Gg, Gm, Zc species distribution models were used: 
depth, slope, aspect east, aspect south, distance from nearest coast, distance from canyon, distance 
from sea mountains, mean Chl-a value, mean Sea Surface Temperature. The settings of the models 
were performed taking into account the results from ‘ensdm’ R package (Smith, 2020), a 
complement to the dismo package for R by Robert Hijmans. However, for comparing different 
models and species, the models were also run using the same setting and set of variables.  
For model evaluation, both the test dataset and the independent dataset were used on two 
threshold-independent measures of predictive performance: 1) area under the receiver operating 
characteristic curve (AUC); and 2) continuous Boyce Index (CBI, Hirzel et al. 2006) a metric that 
only use presence records for model evaluation, specifically designed for evaluating performance 
when absence data are unavailable. 

50 
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2.3.2. Short-term indicators test for Range and Habitat 

All the analyses performed for this study considered the sighting as a statistical unit, regardless of 
the number of animals. However, mean group size of species was preliminary reported to verify 
potential differences in group size over the two periods. 
1) [Occurrence – observed distributional range] The Kernel Density estimator (KDE) was used to

spatially generalize the distribution of the species occurrence, identifying the extent and the core
areas within the area covered on effort (real species distribution). The 95% isopleth was used
to define the extent of occupied area calculated in km². Then, the trend was estimated within
the effort area during both periods, and computed as percentage differences over the two
investigated periods: [(KDE area period 2 – KDE area period 1) / KDE area period 1].

2) [Suitable Habitat – ecological potential range] percentage of changes in the extension and 3)
overlap of the Suitable Habitat between the two periods. Change in the potential range between
the two periods was verified based on projected sites of present occurrences, using spatially
predicted sites based on the habitat maps models (area of potential range or Extent of Suitable
Habitat, ESH). Several modelling methods were initially tested (GAM, GLM, Random Forest,
MaxEnt) for testing the performance of the models over the sampling design and dataset of the
FLT Med Net. Maximum Entropy was then applied to model the relationships between
environmental predictors and the occurrence records, and to build the Suitable Habitat Maps for
each of the three studied species over the two investigated periods. Since MaxEnt accounts for
sampling biases via correction features that consider area of sampling effort used to generate
pseudo‐absences points (‘background points’), a bias file of effort was built using the Minimum
Convex Polygon (MCP) around the surveyed sites (Fig. 1). MaxEnt was run splitting the dataset
into two periods, corresponding to the third and fourth HD reporting cycles (i.e., 2007-2012;
2013-2018): the first period (2008-2012) was used as a reference baseline for being compared
with the more recent period (2013-2019). The effort area was consistent between the two
periods, but the ADRION Region (Adriatic and eastern Ionian), the Barcelona-Tanger and the
Strait of Gibraltar routes were only surveyed during the second period (light grey in Fig.1). Thus,
two bias files were used to define the area from which to extract the background points. For
each investigated period, distinct MaxEnt models were run, using the same settings and set of
variables. The logistic format was used to improve model calibration displaying output maps that
better highlight the continuum of differences in the suitable maps produced, so that large
differences in output values correspond better to large differences in suitability (Phillips and
Dudík, 2008). As suggested by Pearson at al.  (Pearson, Raxworthy, Nakamura, & Peterson,
2007), a number higher of 15 presence points was used for each model: 86 presence points
were used for Gg (N1st period = 27; N2nd period = 59), 68 for Gm (N1st period = 16; N2nd
period = 52), 142 for Zc (N1st period = 27; N2nd period = 115). The descriptive power of each
model was evaluated by the Area Under the receiver operating characteristic Curve, a threshold-
independent metric of overall accuracy (AUC; Thorne et al., 2012) and by the ‘omission rate’,
the proportion of test localities falling outside the prediction. The output maps were visually
inspected by expert judgement to check for overfitting problems and the general reliability of
results. To calculate the ESH area, the output binary suitable-unsuitable predictions rasters were
converted into polygon layers including the highest suitable class for each species of each
reporting period and were used to count the ESH in km2. The percentage difference in the ESH
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between the more recent and the baseline periods was calculated for each species as: [(ESH(2nd 
period) - ESH(1st period)) / ESH(1st period))]. The extent of area of overlap of the Suitable 
Habitat between the two periods was also calculated. 

3) [Real Distributional Range vs Ecological Potential Range]. The proportion of the suitable habitat
actually occupied by the species (distribution of occurrence record vs suitable areas) per each of
the two periods was calculated considering only the areas covered by the effort, identified by
the MaxEnt bias files. Within these areas, the extent of suitable habitats was estimated as km²
per each period. Then, the percentage proportion of the modelled suitable habitat occupied by
the species was calculated as: [(area(occupied) / area(suitable)) * 100]. Finally, differences
between periods were computed as: [(%(2nd period) - %(1st period)) / %(1st period))]

3. Results

2.4. Preliminary model approaches testing 

The six modelling techniques showed a great ability to discriminate between areas of presence and 
absence (Table 2). AUC values were always greater than 0,7 for all the three species when analysing 
the training and test data set, with highest values recorded for the MaxEnt and RF models in all the 
cases. The CBI too reaches high values for both training and test dataset and for the three species, 
with the only exception for GLM modeling the Gm. The best performances were not consistent for 
all the three species. AUC and CBI for the independent dataset gave the most interesting results. In 
this case the performances of the four models decreased but were consistent with the other methods 
analysed in this study. AUC and CBI values were always greater for MaxEnt models in all cases 
except for the AUC of Zc and CBI of Gm; yet, in these cases, all models fail to discriminate presence 
from absence data. In general, the RF models were found to be the best models in several cases, 
but with discordant results and very low performance in respect to the independent dataset for all 
the three species.  

Dataset Trainin
g Test Independe

nt 
Trainin
g Test Independe

nt 

Model AUC AUC AUC CBI CBI CBI 
Gg 
GLM 0,750 0,731 0,552 0,854 0,989 0,681 
GAM 0,819 0,802 0,683 0,893 0,974 0,841 
GAM_NB 0,809 0,792 0,695 0,919 0,939 0,843 
GAM_TW 0,809 0,791 0,694 NA 0,947 0,844 
MaxEnt 0,843 0,822 0,702 0,879 0,843 0,761 
RF 0,899 0,863 0,653 0,907 0,962 0,688 

Gm 
GLM 0,850 0,860 0,612 0,572 0,681 0,584 
GAM 0,898 0,909 0,767 0,820 0,924 0,597 
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GAM_NB 0,899 0,910 0,781 0,785 0,944 0,591 
GAM_TW 0,899 0,910 0,779 0,785 0,947 0,590 
MaxEnt 0,928 0,925 0,768 0,822 0,837 0,313 
RF 0,946 0,930 0,323 0,828 0,967 0,336 

Zc 
GLM 0,844 0,843 0,386 0,900 0,828 0,563 
GAM 0,913 0,908 0,526 0,921 0,962 0,699 
GAM_NB 0,913 0,909 0,546 0,888 0,939 NA 
GAM_TW 0,913 0,909 0,546 0,888 0,939 NA 
MaxEnt 0,935 0,928 0,492 0,895 0,877 0,773 
RF 0,956 0,942 0,555 0,889 0,977 0,576 

Table 2 Results of models’ validations based on AUC and CBI methods performed on the Training, Test and Independent 
datasets of the three species. In italic red values <0,7 under which the results are considered poor. 

Thus, tested for the FLT dataset on Gg, Gm and Zc, although almost all the tested methods, either 
traditional regression methods (i.g., GLM, GAM) or machine learning-based approaches (i.e. RF, 
MaxEnt) gave good performances, MaxEnt resulted as the more efficient and reliable, while the 
others gave less consistent results among species, or in relation to the method used for validation. 
MaxEnt provided indeed more consistent results, being always among the best, and sometimes the 
best model, and providing low performance only when all the models performed poorly. MaxEnt was 
thus used for the SDM analyses for the following tests on indicators for short-term assessment of 
range and habitat for the species.  

2.5. Short-term indicators test for Range and Habitat 

1) [Occurrence – observed distributional range] (Figure 3.1). Most of the core areas of occurrence
highlighted by the Kernel analysis were consistent with the known distribution of the three
species, and further confirmed the importance of the northwestern Mediterranean area for the
three species (ACCOBAMS, 2021). Consistency in these areas was also found between time
periods, with a general enlargement in the areas of distribution (+72% Gg; +26% Gm; +14%
Zc), and a shift towards more offshore areas in the Sardinian-Balearic basin for the three species,
and in the Ligurian Sea for Gg.

2) [Suitable Habitat – ecological potential range] and [Overlap] (Figure 3.2 and 3.3). MaxEnt models
generally performed well, and predicted suitable habitats were mostly in line with the observed
distribution and the previous knowledge on the species, especially for the WMED subregion.
Some unreliable areas were however predicted, such as for the Gm_2 prediction in the Levantine
Subregion, while other known areas were not, such as for the Southern Adriatic Sea, the Ionian
Sea and the deep Hellenic Trench for Zc, which were predicted only for a limited extent, with
larger standard deviation values, during the second period only, likely thanks to the inclusion of
the effort in the ADRION region. In general, higher uncertainties were revealed as expected in
the Levantine Subregion, where no effort was performed.

3) [Observed Distributional Range vs Ecological Potential Range]. In general, the WMED was
confirmed as the most important subregion for Gg, which presence and suitable habitat resulted
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enduring over time, but the changes in the extent (whichever a contraction or expansion) and 
the shift highlighted on both, the observed distribution and the suitable areas, likely indicate a 
different displacement of the species. This could be the results of exploitation of new potential 
suitable areas or an adaptation forced by existing pressures. Indeed, despite the differences 
recorded in the suitable areas of the WMED, the extent remained almost similar over time, while 
the Gg enlarged the proportion of occupied area over the ecological potential by almost 50%, 
so distributing outside the predicted suitable areas. This was particularly the case for the Corso-
Ligurian-Provençal basin, but also the new areas emerged in the middle of the Sardinian Balearic 
basin or eastern Corsica coast, together with the contraction of the areas in the south Tyrrhenian 
and around the Sicilian coasts reveal changes that need further investigation.   

Gg Gm Zc 
1 

2 
1th 
period

2 
2nd 
period

3. 
overl
ap 

Figure 3 Main results in the three tested indicators of short-term changes in ‘Real distribution’, ‘Ecological potential 
range’, ‘Overlap’ of the three investigated species, Gg (Grampus griseus), Gm (Globicephala melas) and Zc (Ziphius 

cavirostris). 
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4. Comments

The main resulting points highlight in particular the fact that: 1) results coming from FLT data 
collection resulted in line with existing studies supporting the reliability of results; 2) for the 
“distribution” parameter the indicators proposed answered either the % of changes AND the 
pattern; 3) for the “habitat” parameter, several methods were tested (GAM, GLM, Random Forest, 
MaxEnt) to choose the relevant one for the FLT sampling design and dataset highlighting that 
MaxEnt better fitted the sampling design, the dataset and the considered species of the FLT Med 
Net; 4) the use of several indicators help the interpretation of results for one parameter; 5) 
indicators crossing two parameters give information for interpretation of the species conservation 
status; 6) crossing information of several species from the same group (deep divers) helps to 
confirm the resulted trend is referred to a global changes or a species related change. 
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CONCLUSION FOR ACTION A2.2 

Consideration on indicators tested 

Globally, all the results of the studies highlight that the FLT data collection and methods used as 
well as indicators developed, can help for the assessment of species conservation status, in line with 
the legislative requirements, specifically for the three parameters of the HD.  

1. for “population” parameter:
a. the method of moving average helps in smoothing peak events within the annual time series

used and is able to highlight effective and statistically significant trends in abundance. It can
be used to evaluate differences between consecutive periods but also to highlight trends
within each reference period that could give an indication on what to expect in the following
reference period. It can also help to identify sub-areas with high densities/abundance as core
areas for the species;

b. the method of a density index value (Dt) applying strip transect methodology and calculating
the ESW for the ferry line was useful. This can be a solution for areas with only one line
covered if this line is representative of a larger area. Nevertheless, a better coverage modelling
is still necessary to convert this index into a final number of individuals for the whole Adrion
Region.

2. for “distribution” parameter:
a. The indicators proposed are able to answer with a measured surface in km², or the % of

changes and also about “pattern”;
b. Distribution of Encounter Rates or densities were spatially generalised by kriging or Kernel

Density estimator (KDE) and then, based on the 90 or 95% isopleth of results, help in
identifying the distribution of the species occurrence (observed distributional range),
identifying the extent and the core areas;

c. Geostatistic (Kriging) give results about the surface of the distribution or range, but also about
the spatial structure with the variogramme and the maps (distance of auto-correlation,
diameter of the distribution core areas, etc).

d. Results on the application of KDE approach on different species for calculating the range
suggest an adaptation of the search radius likely wider for low density species (e.g. Gg, Gm,
Zc) and shorter for the more common ones (e.g. striped dolphin).

3. for “habitat” parameter:
a. the indicator proposed are able to answer to the request for this parameter;
b. Several models were tested (GAM, GLM, MaxEnt, Random Forest) to choose the relevant one

for the FLT sampling design, dataset and investigated species: from the initial tests MaxEnt
resulted more consistently performing well under different conditions (e.g. different species,
number of presence, method used for validation);

c. MaxEnt prediction map can then be successfully used to measure the Extension of Suitable
Habitat (ESH), based on specific and relevant threshold to give indication of the potential
range of the species and Area Of Occupancy (AOO).
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It appears also from the studies, that: 
● using several indicators for the same parameter helps the interpretation of results for one

parameter;
● indicators crossing two parameters give information for the interpretation of the species

conservation status;
● crossing information of several species from the same group (i.e. deep divers) helps to

confirm if detected changes are representative of a global trend or a species-specific trend.

Consideration on time coverage 

Globally, one of the strong points about the FLT datasets highlighted by the studies is that, using 
several years per period, strengthen the statistical results (several replicates) and allow to sample 
the temporal variability of the species. Also, the detection of trend within each time period (e.g. 
through moving average at 2 years period) is strongly recommended in order to interpret the short-
term trend between time periods. Indeed, a coarser time resolution could be easily biased by high 
interannual variability in abundance and distribution of cetaceans.  
While not specifically addressed by the study tested here, seasonality is known to play a strong 
influence on species abundance and distribution, so that it must be accounted for when dealing with 
the recognition of important areas for the species. 

Consideration on spatial coverage 

By several performed studies also emerged the fact that, due to the specificity of the effort coverage 
by the FLT dataset, and the existing biogeographic and ecological processes in sub-areas, the 
analysis should probably be run within those subareas separately. Also, more coverage is needed 
for a better representativeness in some areas still less represented (e.g. central Mediterranean and 
Levantine sea). Lastly, considering the need to compare per periods, it is important to stress the 
fact that comparison is only possible among common surveyed areas between periods. This is a 
strong message for the strategy of monitoring, to ensure long term coverage of the same large cells 
used as input grid (ex. 50 x 50 km). In conclusion, it is recommended to maintain the same route 
coverage within the FLT Network and expand it in still uncovered areas to improve result 
performance. 
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