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1. Executive Summary

This project aims to develop and evaluate mitigation strategies to reduce the risk of ship strikes in the
Pelagos Sanctuary. The target species for this project are fin and sperm whales, the largest cetacean
species present in the Mediterranean Sea and the most affected by ship strikes. Fin whales and sperm
whales are classified as Vulnerable (VU) and Endangered (EN) under the IUCN Red List Criteria
respectively, underlying the urgent need to reduce and mitigate any anthropogenic pressure. The main
aim of this project was to use the extensive experience of a number of research groups (Tethys
Research Institute, British Antarctic Survey, International Fund for Animal Welfare, WWF France,
Souffleurs d'Ecume, Quiet-Oceans sas, Université de Bretagne Occidentale, and Yacht Club Monaco
(YCM)) to gather new data in order to provide a spatial analysis of ship strike risk for both species,
with the final goal of defining operational indicators to quantitatively evaluate mitigation strategies.
Therefore, the final goal of the project is the implementation of a series of actions followed by practical
recommendations to optimize the effectiveness of currently existing schemes. Currently, there are key
data gaps in the understanding of whale distribution patterns and the recent rates of injury and
mortality from ship strikes. The project has addressed these knowledge gaps by using new satellite
imaging technologies - looking at high-resolution images - to remotely detect whales as a mean of
validating predictive models of whale distribution. Another important component of the project relies on
the detailed examination of collision events reported for both species, from strandings and
photographic records of free-ranging injured animals, to assess any trend in collision rates. Detailed
analyses of available traffic data have contributed to drafting risk maps for both species, while a public
awareness campaign has allowed the different scenarios to be presented to the wider public. By
involving different stakeholders in this process, the hope is to increase the success rate of mitigation
efforts.
These results have been combined with data on shipping to conduct spatially explicit risk
assessments, define risk collision indicators to support decision making, and consider how risk might
be reduced by changes to ship’s routing or operational practices, including vessel responses to realtime information. Particular attention has been given to combining different sources of data and
predictive models to provide routing advice at spatial scales that are practical for shipping.
The analysis of both strandings and sightings confirmed the risk assessed for these species in
previous studies. Fin whales had the highest number of reported collisions, confirming that this
species is the most vulnerable to ship strike events. The highest number of collisions in stranded fin
whale individuals is reported in summer, consistently with the increase of ferries and passenger ships
that typically occurs in the area in the summer months, and with the species higher encounter rates in
their summer feeding area. Injured sperm whales appear to be associated, more than the fin whales,
with the main cargo route, that travels parallel to the Italian and French coastlines. Injured fin whales
appear instead to be more associated with main passenger ship routes that cross the basin, covering
a wider latitudinal range, intersecting with the pelagic waters.
Optical satellite imagery was used to detect whales in order to compare whale distribution with
predictive models based on habitat variables. The aim was to evaluate the potential of habitat models
to predict whale distribution patterns at spatial and temporal scales that could be used for small-scale
routeing or localised speed reduction measures to reduce ship strike risk. Predictive habitat models
used daily and derived oceanic fronts of satellite-derived sea-surface chlorophyll content and sea
surface temperature to determine whales’ distribution. During the survey period, the habitat values
across the Pelagos area were complex and changed quite rapidly, making predicting whale locations
difficult due to time lags between modelled suitable habitats and encountered whales.
The Collision Network aims to federate shipping companies and port authorities on the issue of
collision between whales and ships in the Pelagos Sanctuary. The objective of this network is to
promote the transmission of sensitive information concerning actual or avoided ship strikes from
shipping companies and port authorities towards the scientific community. Within the framework of the
project, the aim was to enable the collection of new reports of collisions (past or recent) to update the
IWC database and contribute to the re-evaluation of risk. The first step of the task was to update the
Collision Network already existing in the French Mediterranean Sea, and the second step was to
initiate an implementation in the Principality of Monaco and in Italy in the Pelagos area.
The collision risk has been estimated by cross correlating shipping and cetacean distribution data,
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using two indicators: a) the Injury Weighted Travelled Distance (IWTD), and b) the estimated number
of Near Miss Events (NME). In the Pelagos area, ferries are the ships that have the highest IWTD
since they travel intensively at high speed. The NME indicator has increased during the last decade by
40% and 70% for passengers and cargo vessels respectively, following the increase of the traffic
(about 50% increase of the cumulative travelled distance for cargo from 2010 to 2018).
The effectiveness of REPCET has also been tested, and this is based on the analysis of: a) the
detection rate of the crew, b) the effective sharing of the positions of large cetaceans, and c) the
avoidance manoeuvres implemented or not by the ships entering the reported risk zones. The
REPCET system is a cooperative mitigation measure based on sharing real-time sightings of
cetaceans. Its efficiency is controlled by the number of vessels that might cross the risk areas issued
by a previous vessel during its lifespan (235 minutes and a max diameter of 4630 m). The results
show that, because the number of vessels equipped in 2018 was limited to 21 vessels, the number of
crossing was also limited, leading to a small number of Near Miss Events avoided and an efficiency
below 1%. By equipping with REPCET all cargo, tanker and passenger vessels, this efficiency would
raise to 10%. The results demonstrate that the efficiency of the REPCET strategy is strictly linked with
the number of vessels equipped. Equipping all cargo, passengers and ferries would improve by 15%
the efficiency, and equipping all vessels would improve by 35% the efficiency of the system.
A final series of online meetings – dictated by the current Covid-19 situation - has been organized to
assess how the results could be used most effectively to reduce risk. This has resulted in a series of
recommendations for future research needs and management actions, which are presented and
discussed at the end of this document.
This project is in line with national and international conservation priorities, while the synthesis has
been structured in such a way that the outcomes of the project can be effectively communicated to
relevant international bodies such as the IMO, ACCOBAMS and the IWC.
In addition to the discussion in the international bodies, public opinion has also been involved in the
ship strikes issue due to the recent cases occurring in the Mediterranean Sea and particularly in the
Pelagos Sanctuary area.
Recently, media attention has been focusing on a fin whale without flukes, called ‘Codamozza’ or
‘Fluker’. The very first known sighting of this whale dates back to 1996, in the ‘heart’ of the Pelagos
Sanctuary. At the time, the fin whale already had half of its flukes missing, thought to be the result of a
first accident, most likely a ship strike. After that, it has been sighted on a regular basis by different
research and whale watching organizations in the area (2004, 2005, 2006, 2009, 2013, 2018).
“Codamozza/Fluker’ soon became a sort of mascot of the Sanctuary, a symbol of the will to survive
despite a significant impairment.
According to the latest findings by researchers, the unlucky fin whale’s situation deteriorated between
August and September 2019. The latest sighting with its “normal” flukes happened around Port Cros in
France; less than a month later came the first evidence of the further mutilation, involving the complete
loss of the fluke, offshore of S. Jean Cap Ferrat.
Whilst the whale seemed to manage fairly well for over 20 years with half its flukes, it then appeared
very thin and emaciated with a scary stump instead of its flukes. Over the last few months, the animal
with the missing flukes has been sighted off the shores of Spain and France, then later in Syria and
Greece, before coming back to the Pelagos Sanctuary, swimming through the Strait of Messina. The
last sighting was at the end of June 2020 in the Gulf of Toulon, where the whale appeared particularly
weak, thin and emaciated, with very limited movements. We believe that by now the whale may have
died, sinking in the waters of the Gulf; lack of blubber will most likely prevent the whale to float and
strand on a beach, where it could have been studied by veterinarians.
The impressive story of this poor whale has been intensively covered by the media and has attracted
attention by different stakeholders, including governments and policy makers. We strongly hope that
the sad fate of this individual will provide the basis for a concrete and robust management of impacting
human activities, namely illegal fishing and heavy shipping traffic, thus reducing future risks for
Mediterranean fin and sperm whales.
The following report presents the different work-packages fully addressed in the first chapters, with a
brief summary of the main outcomes of each section presented in chapter 7, before a concluding
section which presents our recommendations and mitigation measures in chapter 8.
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NARRATIVE PART
Context of the project
This project aims to develop and evaluate mitigation strategies to reduce the risk of ship strikes in the
Pelagos Sanctuary. The target species for this project are fin and sperm whales, the largest cetacean
species present in the Mediterranean Sea and the most affected by ship strikes. Fin whales and sperm
whales are classified as Vulnerable (VU) and Endangered (EN) under the IUCN Red List Criteria
respectively, underlying the urgent need to reduce and mitigate any anthropogenic pressure. The main
aim of this project was to use the extensive experience of a number of research groups (Tethys
Research Institute, British Antarctic Survey, International Fund for Animal Welfare, WWF France,
Souffleurs d'Ecume, Quiet-Oceans sas, Université de Bretagne Occidentale, and Yacht Club Monaco
(YCM)) to gather new data in order to provide a spatial analysis of ship strike risk for both species,
with the final goal of defining operational indicators to quantitatively evaluate mitigation strategies.
Therefore, the final goal of the project is the implementation of a series of actions followed by practical
recommendations to optimize the effectiveness of currently existing schemes. Currently, there are key
data gaps in the understanding of whale distribution patterns and the recent rates of injury and
mortality from ship strikes. The project has addressed these knowledge gaps by using new satellite
imaging technologies - looking at high-resolution images - to remotely detect whales as a mean of
validating predictive models of whale distribution. Another important component of the project relies on
the detailed examination of collision events reported for both species, from strandings and
photographic records of free-ranging injured animals, to assess any trend in collision rates. Detailed
analyses of available traffic data have contributed to drafting risk maps for both species, while a public
awareness campaign has allowed the different scenarios to be presented to the wider public. By
involving different stakeholders in this process, the hope is to increase the success rate of mitigation
efforts.
These results have been combined with data on shipping to conduct spatially explicit risk
assessments, define risk collision indicators to support decision making, and consider how risk might
be reduced by changes to ship’s routing or operational practices, including vessel responses to realtime information. Particular attention has been given to combining different sources of data and
predictive models to provide routing advice at spatial scales that are practical for shipping.
Activities carried out during the reporting period (i.e. directly related to the description of the
Partner(s) participating in the project)
Chapter 3 present the results of the data analysis performed by Tethys Research Institute. The
analysis of both strandings and sightings confirmed the risk assessed for these species in previous
studies. Fin whales had the highest number of reported collisions, confirming that this species is the
most vulnerable to ship strike events. The highest number of collisions in stranded fin whale
individuals is reported in summer, consistently with the increase of ferries and passenger ships that
typically occurs in the area in the summer months, and with the species higher encounter rates in their
summer feeding area. Injured sperm whales appear to be associated, more than the fin whales, with
the main cargo route, that travels parallel to the Italian and French coastlines. Injured fin whales
appear instead to be more associated with main passenger ship routes that cross the basin, covering
a wider latitudinal range, intersecting with the pelagic waters.
Chapter 4 present the results of the data analysis performed by the British Antarctic Survey (BAS) and
the International Fund for Animal Welfare (IFAW). Optical satellite imagery was used to detect whales
in order to compare whale distribution with predictive models based on habitat variables. The aim was
to evaluate the potential of habitat models to predict whale distribution patterns at spatial and temporal
scales that could be used for small-scale routeing or localised speed reduction measures to reduce
ship strike risk. Predictive habitat models used daily and derived oceanic fronts of satellite-derived
sea-surface chlorophyll content and sea surface temperature to determine whales’ distribution. During
the survey period, the habitat values across the Pelagos area were complex and changed quite
rapidly, making predicting whale locations difficult due to time lags between modelled suitable habitats
and encountered whales.
Chapter 5 present the results of the effort by Souffleurs d’Ecume. The Collision Network aims to
federate shipping companies and port authorities on the issue of collision between whales and ships in
the Pelagos Sanctuary. The objective of this network is to promote the transmission of sensitive
information concerning actual or avoided ship strikes from shipping companies and port authorities
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towards the scientific community. Within the framework of the project, the aim was to enable the
collection of new reports of collisions (past or recent) to update the IWC database and contribute to
the re-evaluation of risk. The first step of the task was to update the Collision Network already existing
in the French Mediterranean Sea, and the second step was to initiate an implementation in the
Principality of Monaco and in Italy in the Pelagos area.
Chapter 6 present the results of the data analysis performed by WWF France and QuietOceans. The
collision risk has been estimated by cross correlating shipping and cetacean distribution data, using
two indicators: a) the Injury Weighted Travelled Distance (IWTD), and b) the estimated number of
Near Miss Events (NME). In the Pelagos area, ferries are the ships that have the highest IWTD since
they travel intensively at high speed. The NME indicator has increased during the last decade by 40%
and 70% for passengers and cargo vessels respectively, following the increase of the traffic (about
50% increase of the cumulative travelled distance for cargo from 2010 to 2018).
The effectiveness of REPCET has also been tested, and this is based on the analysis of: a) the
detection rate of the crew, b) the effective sharing of the positions of large cetaceans, and c) the
avoidance manoeuvres implemented or not by the ships entering the reported risk zones. The
REPCET system is a cooperative mitigation measure based on sharing real-time sightings of
cetaceans. Its efficiency is controlled by the number of vessels that might cross the risk areas issued
by a previous vessel during its lifespan (235 minutes and a max diameter of 4630 m). The results
show that, because the number of vessels equipped in 2018 was limited to 21 vessels, the number of
crossing was also limited, leading to a small number of Near Miss Events avoided and an efficiency
below 1%. By equipping with REPCET all cargo, tanker and passenger vessels, this efficiency would
raise to 10%. The results demonstrate that the efficiency of the REPCET strategy is strictly linked with
the number of vessels equipped. Equipping all cargo, passengers and ferries would improve by 15%
the efficiency, and equipping all vessels would improve by 35% the efficiency of the system.

Difficulties encountered and measures taken to overcome problems
The main difficulties encountered during the implementation of the projects were those related to the
Covid-19 pandemic, which has evolved rather dramatically in the last seven months. One of the final
steps of the project was the organization of a joint meeting to discuss and propose a series of
recommendations and mitigation measures; Covid-19 rendered in-person meetings very difficult to
plan and organize, with national borders closed.
After intense consultation with the project partners, we have therefore decided to plan a series of
virtual meetings (organized through the platform ZOOM) to discuss the different actions of the project
and discuss the conservation and mitigation recommendations during a virtual meeting.

Changes introduces in the implementation (if any)
No changes have been introduced in the implementation of the project.

Achievements/Results
- Proposals
Through this project we proposed to develop and evaluate mitigation strategies to reduce the risk of
ship strikes in the Pelagos Sanctuary. The final aim was to define operational indicators to
quantitatively evaluate mitigation strategies. First, we aimed to assess where fin and sperm whales
were most at risk from collision through analyses of both strandings and sightings data. Then, we
planned to investigate the potential of habitat models at predicting whale distribution patterns at both a
spatial and temporal scales that could be used for small-scale routeing or localised speed reduction
measures to reduce ship strike risk. Next we aimed to enable the collection of new reports of collisions
(past or recent) to update the IWC database and contribute to the re-evaluation of risk, through
updates of the Collision Network already implemented in France and being extended to Italy and the
Principality of Monaco. We also planned to estimate the collision risk by cross correlating shipping and
cetacean distribution data, using the Injury Weighted Travelled Distance (IWTD), and the estimated
number of Near Miss Events (NME) indicators. Finally, we tested the effectiveness of the REPCET
system, a cooperative mitigation measure based on sharing real-time sightings of cetaceans, through
the analysis of the detection rate of the crew, the effective sharing of the positions of large cetaceans,

8

and the avoidance manoeuvres implemented or not by the ships entering the reported risk zones.
- Synthetic explanatory report
An analysis of stranding and collision records showed that fin whale is the most vulnerable species to
ship strike in the Pelagos Sanctuary area. The highest number of collisions with fin whales occur in
Summer, during their feeding season when they are more often encountered, and when the traffic in
ferries and passenger ships increase in the Pelagos area. Collisions with fin whales tend to happen
mostly on the main passenger ship routes that cross the basin. Sperm whales also are vulnerable to
ship strike, particularly on the main Cargo route that travels parallel to the Italian and French
coastlines.
We looked into the potential of habitat model predicting fin whale distribution to assess the feasibility of
small-scale routeing or localised speed reduction measures to reduce ship strike. As the whale
detected on satellite images could not be match to modelled suitable habitats due to a time lag,
predicting fin whale locations was difficult.
The Collision Network aims to federate shipping companies and port authorities on the issue of
collision between whales and ships in the Pelagos area. It already exists in France and was presented
to Italy, and the Principality of Monaco for a potential future implementation.
In the Pelagos area, ferries are the ships causing the highest number of injuries in whales per distance
travelled, as they travel intensively and at high speed. Near Miss Events are believed to have
increased during the last decade by 40% and 70% for passengers and cargo vessels respectively,
following an increase in traffic (about 50% increase of the cumulative travelled distance for cargo from
2010 to 2018).
The REPCET system is a cooperative mitigation measure based on sharing real-time sightings of
cetaceans. Its efficiency in reducing ship strike and Near Miss Events increases as the number of
vessel equipped with it rises. Due to a low number of vessels equipped in 2018 (21 vessels), the
REPCET system had an efficiency of 1% and lead to the avoidance of a small number of Near Miss
Events. If all vessels (cargos, ferries, passengers, tankers) were equipped with REPCET, the
efficiency of this system would improve by 35%.
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3. Update of collision risk assessment on large species (i.e. fin and sperm
whales) within the Pelagos Sanctuary, based on strandings and observations
of free-ranging live injured whales
3.1. Context
Collisions with large vessels present a major conservation issue for fin whales (Balaenoptera
physalus) (David et al., 2011; Panigada et al., 2011) and for sperm whales (Physeter macrocephalus)
(Di Méglio et al., 2018; Frantzis et al., 2019), as shown by strandings data and collision marks
reported on live individuals at sea. In this chapter, results from the analysis of stranding data and
photographic data deriving from sightings collected in the Pelagos Sanctuary area are presented to
evaluate the spatial patterns and any trends in collision events for both species.

3.2. Methodology
3.2.1 Stranding data
Fin and sperm whale stranding records, collected in the Pelagos Sanctuary and contiguous areas (i.e.
Sardinia Island and Cote d’Azur, France), have been acquired from three different sources:
▪

The Italian National Strandings Network (Banca Dati Spiaggiamenti, BDS,
http://mammiferimarini.unipv.it), coordinated by the Museum of Natural History of Milan and
the University of Pavia. Between 1986 and 2005, data about strandings along the Italian
coasts were regularly collected on a national basis by the Centro Studi Cetacei. This archive
has now been incorporated into the Banca Dati Spiaggiamenti (BDS), the Italian database of
strandings established in 2006, and intended to be the national archive of strandings data,
bycatch events and collisions.

▪

The French Strandings Network (PELAGIS, UMS 6432 University of La Rochelle/CNRS,
http://www.observatoire-pelagis.cnrs.fr), coordinated by the Observatoire Pelagis, dedicated to
monitoring marine mammal populations and funded by the Ministry in charge of the
environment and the French Agency for Biodiversity. The network is made up of local
correspondents (mainly veterinarians, but also volunteers and government employees)
collecting data on stranded animals along the French coasts. The network acquired data from
the early 1970’s.

▪

The Mediterranean Database of Cetacean Strandings (MEDACES, http://medaces.uv.es)
supported by the Spanish Ministry of the Environment, ACCOBAMS and the UNEP-MAPSPA/RAC. This database has been set-up to coordinate all national and regional efforts for
riparian countries. This project was created under the Barcelona Convention, extended to the
ACCOBAMS area. Cetacean stranding data are organized into a spatially referenced
database of public access.

The following information have been extracted from each source: species, date, position (latitude and
longitude if available), region, sex and body size (if available), reported collision marks and notes. In
most of the cases the details of ship strikes were reported in the notes.
Since the national stranding networks (BDS and PELAGIS) have provided data to the Mediterranean
database MEDACES, every stranding event from MEDACES has been double-checked in order to
avoid double counting of records. Data from the different sources have been merged in a joint
strandings dataset of 285 records in total, which included 176 and 109 records of fin and sperm
whales respectively (Tab. 3.1).
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Table 3.1. Details of the stranding records by species (Bp: fin whale; Pm: sperm whale) extracted from the three
stranding databases.
Stranding records
Database

Time period

Total
Bp

Pm

BDS

1989 -2019

56

60

116

MEDACES

1971-2017

14

7

21

PELAGIS

1972-2018

106

42

148

176

109

285

Total

Only the BDS database made stranding data available up to 2019 (Bp=0; Pm=4). No data were
available from PELAGIS and MEDACES for 2019. The 2018 PELAGIS dataset update added nine
more standings to the list (Bp=7; Pm=2).

3.2.2 Sightings
In order to better assess collision risks for fin and sperm whales and to evaluate any trends in collision
events, photographic data from sightings have been analysed. Data were collected during dedicated
research cruises in the Pelagos Sanctuary area by the Tethys Research Institute (TRI), between 1990
and 2018 and by WWF France, between 2006 and 2019 (Tab. 3.2).
Photo-id catalogues were analysed to look for collision marks (i.e. scars, propellers marks, cut dorsal
fins or flukes). For both whale species, a matrix of injured animals was created including the following
parameters: date, position, collision mark type and probability of collision (possible, probable, definite,
based upon the criteria used in the International Whaling Commission ship strike database), file name
and notes.
Table 3.2. Details of the whales showing evidence of collisions reported by species (Bp: fin whale; Pm: sperm
whale) by the Tethys Research Institute and WWF France.
Dataset

Period

Injured whale
reported

TRI Bp

1990-2018

55

WWF France Bp

2006-2019

25

TRI Pm

2004-2018

53

WWF France Pm

2006-2019

8

Individual identification
In order to reduce the bias associated with multiple sightings of the same individual, individuals
sighted more than one time, over the same or different years, were considered only once in the
analysis either as belonging to the injured or to the not injured group.
Sperm whales
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For the TRI dataset, among the 53 observational events of injured whales, 30 different sperm whale
individuals showed evidence of collision marks; 13 individuals were sighted more than once during the
same season. Seven of the re-sighted individuals were observed in different seasons (min: 2; max: 5).
For the WWF dataset, among the eight observational events of injured whales, six different sperm
whales showed evidence of collision marks; two of these individuals were sighted in two different
seasons.
Fin whales
Among the 55 events reported by TRI, 51 different fin whale individuals had collision marks and were
not re-sighted, four whales were re-sighted (three in two different seasons; one individual in the same
season).
Among the 25 events reported by WWF France, 18 were of different individuals, four individuals were
re-sighted over different years.
Geo-referencing and spatial interpolation
Data were georeferenced by using the GIS software QGIS (Version Las Palmas 2.18.X). A 5x5
nautical mile grid of cells was created for the analysis (Fig. 3.1). Depth data were derived from
GEBCO one-min digital Atlas. The descriptive statistics of depth have been associated to the grid by
means of a spatial interpolation tool of the GIS software.

Figure 3.1. Observed injured sperm (red) and fin (yellow) whales from the TRI and WWF France photoidentification dataset (left) and the grid of cells used for the analysis (right).

Data preparation
Data were aggregated based on year into four periods:
sperm whale: 2007-2009; 2010-2012; 2013-2015; 2016-2018,
fin whale :1990-1996; 1997-2003; 2004-2010; 2011-2019.
The frequency of observations of injured whales was compared across the four different study periods
and the presence of an association between the frequency of injured individuals and the period was
assessed by means of Pearson’s chi-square test.

3.2.3 Statistical methods

Temporal patterns or trends
Chi-square analysis of association was used to test the temporal pattern of strandings events across
the years in the data series. Due to the limited number of stranding records, the strandings were
grouped into time period intervals (e.g. 3-year intervals for sperm whales and 7-year intervals for fin
whales). The presence of an association between the frequency of injured individuals and specific time
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periods was assessed by means of Pearson’s chi-square test. When observed frequencies suggested
the possible presence of a trend, the trend was tested through the Spearman rank correlation
coefficient (rho).

Spatial patterns
To investigate any spatial patterns of the collision events, the dataset of photographed individuals was
split into two categories of injured and non-injured individuals, both georeferenced. Afterwards, the
non-injured individuals, being much more numerous than the injured, were randomly subsampled, to
obtain a subsample having the same number of individuals as the injured ones. Then, the two
subsamples of injured and non-injured individuals, paired based on the year, were tested for mean
depth, mean latitude and longitude through paired test comparisons (paired t-test).

3.3. Results
3.3.1. Stranding data
Considering the entire time series of strandings (1971-2019), 39 fin whale collision events were
reported, while some evidence of collision was reported for sperm whales in only three cases.
Total stranding and reported collision events have been analysed, splitting the time series into 4
periods: 1971-1989; 1990-1999; 2000-2009; 2010-2019.
For each considered period, the total number of strandings, the collision events and the collision rate
(i.e. proportion of strandings showing evidence of collisions per time interval) has been calculated for
both species.

Sperm whales
The first sperm whale stranding record considered in this study dates back to 1972, however the next
collision events have only been reported after 2000 (Fig. 3.2 and Tab. 3.3). Between 2000 and 2009,
only two collision events were reported: the first involved an adult male (length: 12.5 m) stranded in
March 2006 in Saintes-Maries-De-La-Mer (France), while the second reported stranding with collision
marks occurred in June 2009 (gender unknown) in Marseille (France). A third reported collision
concerned a male sperm whale (length: 9.58 m) stranded in May 2014 in Propriano (Corsica, France).
Strandings locations are shown in Figure 3.3.
Most sperm whale carcasses might go unnoticed due to the dominant current in the area, which flows
counter-clockwise and westward parallel to the coast, and the shape of the coastline that might cause
the sperm whales carcasses to drift offshore and away from coast (e.g. Azzellino et al., 2017).
Even though ship strikes are generally rare events, a significantly lower number of the reported overall
strandings events occurred in the decade 1990-1999 (χ2 test: 7.88, P-level=0.019, df: 3). This pattern
is consistent with the information derived from surveys at sea, which report a higher occurrence in the
following two decades for this species (Azzellino et al., 2017).
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Figure 3.2. Sperm whale stranding frequency, separating ship strike (in red) from other causes for stranding (in
blue).

Table 3.3. Sperm whale (Pm) total strandings, collision events and collision rate by decades.

Pm strandings

Pm ship strikes

Collision rate
(proportion of
strandings attributed
to ship strikes)

1972-1989

31

0

0

1990-1999

12

0

0

2000-2009

26

2

0.077

2010-2018

30

1

0.033

Total

99

3

0.030

Years

14

.
Figure 3.3. Map showing the sperm whale strandings (dark grey) and reported ship strikes events (red).

Fin whales
The number of fin whale stranding events reported between 1971 and 2019 is much higher (n=168)
than for sperm whales. During this period, 39 ship strike events were reported for this species, 46%
known males, 31% known females, and 23% where gender was not determined. As discussed for
sperm whales, the dominant sea current may cause the carcasses to drift away from the coastline,
reducing the probability of a stranding following a collision. The higher stranding frequency of fin
whales may reflect the higher density of animals using the area compared to sperm whales (Panigada
et al., 2011, 2017).
Most of the reported collisions occurred in the summer period (Fig. 3.4), underlying how this species
tends to concentrate in the summer months in the area for feeding purposes (Notarbartolo di Sciara et
al., 2018).
Fin whale collision rate ranged from 0.05 up to 0.35 (see Tab. 3.4), suggesting a higher vulnerability to
ship strikes (Panigada et al., 2006), compared to sperm whales. A comparable number of ship strike
events from strandings are reported in the first three decades (Fig. 3.5), while a significant decrease in
ship strikes was reported between 2010 and 2018 (χ2 Test: 12.027, df: 3; P-level < 0.05). The
distribution of the fin whale stranding data is presented in Figure 3.6.
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Table 3.4. Fin whale (Bp) total number of stranding, collision events and collision rate by decades.
Years

Bp strandings

Bp collision events

Collision rate
(proportion of
strandings attributed
to ship strikes)

1972-1989

42

12

0.286

1990-1999

51

11

0.216

2000-2009

40

14

0.350

2010-2018

35

2

0.057

Total

168

39

0.232

Figure 3.4. Percent frequencies of fin whale ship strikes reported by strandings events by month. Colours indicate
the proportion of the total fin whale ship strikes reported for each month that occurred in each period ((blue: 19711989; red: 1990-1999; white: 2000-2009; light blue: 2010-2018).
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Figure 3.5. Fin whale stranding frequencies; reported collision events (from ships, in red) are compared with other
stranding events (in blue).

Figure 3.6. Map of fin whale whale strandings (dark grey) and reported ship strikes events (yellow).

3.3.2. Sighting data - live animals
The multiple records of single individuals that were photographed on more than one occasion have
been excluded from this analysis maintaining only a single record of the individual either belonging to
the injured or to the not injured group.
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Therefore, the analysed dataset includes:
●
●

30 (TRI) and six (WWF France) records of injured sperm whales,
51 (TRI) and 18 (WWF France) records of injured fin whales.

Sperm whales
No significant difference has been observed among different years in the frequency of injured sperm
whales suggesting the lack of a trend in the collisions (Fig. 3.7). This would also suggest a constant
collision risk in the area, where predominantly male sperm whales aggregate in the summer period to
feed (Azzellino et al., 2017; Giorli et al., 2016; Lanfredi et al.,, 2018).

Figure 3.7. Percent frequencies of the injured sperm whales (blue) across the time period considered.

Significant differences have instead been highlighted in the geographical distribution of injured sperm
whales.
Injured sperm whales have been observed in deeper waters with respect to non-injured whales
(Paired t test: t 5,062; df:71; P-level < 0.001) and at lower coordinates concerning latitude, which - in
the study area with the observed sighting locations - means they are further away from shore and in
areas more offshore (Paired t test: -8.670 df: 71; P-level < 0.001) than non-injured whales (Figs. 3.8 3.9).
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Figure 3.8. TRI – WWF France sperm whale dataset: box plot showing the statistic for Depth and Latitude for both
the Non-injured and Injured sperm whales.

Figure 3.9. TRI -WWF France sperm whale dataset: Injured (in red) and Non–injured (in grey) whales 2004-2019.

Fin whales
Concerning fin whales, the presence of a statistical association between the frequency of injured
individuals and the period was found significant (χ 2 test: 15.614, P-level= 0.001, df: 3), suggesting
higher frequencies of injured whales associated to some periods (e.g. 1997-2003, 2003-2010; Fig.
3.10). On the other hand, the Spearman Rank Correlation coefficient did not indicate any significant
overall trend.
The difference highlighted by the chi-square test might be attributed to a change in the whale habitat
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use, moving from the offshore area to the continental shelf habitat (Azzellino et al., 2017). This shift in
their habitat selection might influence the whale collision risk.

Figure 3.10. TRI -WWF France fin whale dataset: Injured and Non–injured whales 1990-2019.

Concerning the spatial patterns, a significant depth difference has been observed (P-level < 0.001)
between injured and non-injured individuals (Fig. 3.11).
Injured fin whales have been generally observed in shallower waters than non-injured whales (Paired t
test: -6.470 df: 137 P-level < 0.001). Injured whale positions cover a wider range of latitude; however,
the latitude of the injured fin whale positions was found significantly lower than the non-injured (Paired
t test: - 5,698 df: 137 P-level < 0.001) (Fig. 3.11 - 3.12)

Figure 3.11. TRI – WWF France fin whale dataset: box plot showing the statistic for Depth and Latitude for both
the Non-injured and Injured fin whales.
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Figure 3.12. TRI -WWF France fin whale dataset: Injured (in yellow) and Non–injured (in grey) whales 1990-2019.

3.4. Conclusion and future perspectives

3.4.1 Strandings
Only three collision events are reported for sperm whales in the study period (1972-2018). The low
number of reported collisions in the Pelagos Sanctuary may reflect the small population size.
Abundance estimates, obtained by using mark-recapture methods, suggest a population of 43-56
(CV=0.40) individuals using the western Pelagos Sanctuary area mostly in the summer period
(Lanfredi et al., 2018).
The low number of collision events reported may also be attributed to the difficulty to detect them, due
to the dominant current flowing tangential to the coastline, counter clockwise and westward, which
may cause the sperm whale carcasses to drift away from the areas of interest (e.g. Azzellino et al.,
2017).
A much higher number of collision events, mostly reported in summer, have been documented for fin
whales (N=39). The proportion of fin whale strandings attributed to ship strikes ranged from 0.05 to
0.35 events per year, suggesting a higher occurrence of ship strikes (Panigada et al., 2006) involving
fin whales, compared to sperm whales. The higher number of collisions reported in summer is also
consistent with the increase of ferries and passenger ships that typically occurs in the area in the
summer months, concurrently with the whales aggregating in their summer feeding area. Furthermore,
even though the trend was not found significant, probably due to the low sample size, stranding data
suggest a decrease in ship strikes reported events in the period 2010 -2018.

21

3.4.2 Sightings
There were significant differences in the depth zone where injured and non-injured whales have been
observed for both sperm and fin whales.
Injured sperm whales were mostly observed in deeper waters (~1700 m) than non-injured whales, and
at an average distance of approximately 10 nautical miles from the coast. On the contrary, injured fin
whale occurrence was found associated with a wider range of depth (between 2200- 2400 m), in
waters relatively shallower than the non-injured individuals. The locations of observed injured whales
of both species appear to be associated with high traffic density areas due to the presence of different
shipping lanes (Fig. 3.13).

Figure 3.13. TRI -WWF France injured whale datasets and ship density map derived from EMODNET dataset
(https://www.emodnet-humanactivities.eu/view-data.php).

Injured sperm whales (Fig.3.14a) appear to be associated, much more than fin whales (Fig. 3.14b),
with the main cargo route, which travels parallel to the Italian and French coastlines. However, it is
worthwhile to remark that some passenger ships travel parallel to the coast and may also intersect
with the sperm whale identified zone (Fig. 3.15b).
Fin whales appear to be more associated with main passenger ship routes (Fig. 3.15a) that cross the
basin, covering a wider latitudinal range, intersecting with the pelagic waters. It is known that the
speed of the passenger vessels can be higher than other vessels and therefore constitute a risk for
whales (Frantzis et al., 2019) (see Section 6).
The main driver of whales’ distribution in the area is prey availability, since the Pelagos area
represents a summer feeding ground for both whale species.
These ship routes, especially cargo, overlap with the sperm whale main preferred habitat which
consists of deep continental slope waters where topographic features (e.g., a steep seafloor,
underwater canyons and seamounts) interact with ocean circulation to promote the availability and
abundance of mesopelagic cephalopods (Azzellino et al., 2017; Claro et al., 2020; Praca et al., 2009;
Tepsich et al., 2014,). On the other hand, ferry passenger ship routes crossing the basin intersect with
the main fin whale feeding habitat, represented by deep pelagic waters where upwelling currents and
frontal zones promote high zooplankton concentrations (Notarbartolo di Sciara et al., 2003; Panigada
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et al., 2005, 2008).

CARGO VESSELS DENSITY VS Injured sperm and fin whales

Figure 3.14. TRI -WWF France injured whale dataset and Cargo ship density map derived from EMODNET
dataset; a) sperm whale; b) fin whale.
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PASSENGERS VESSELS DENSITY VS Injured sperm and fin whales

Figure 3.15. TRI -WWF France injured whale dataset and Passenger ship density map derived from EMODNET
dataset; a) sperm whale; b) fin whale.
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Sperm whales
As stated above, injured sperm whales are observed in quite well defined areas (approximately 10
nautical miles distant from the coast around the 1700 m isobath) than the non-injured whales (Fig.
3.16). The observed pattern suggests the existence of a risk zone (sperm whale risk depth zone =
1600 – 1800 m) associated with the cargo shipping lane. Although cargo vessel speeds are generally
lower than the speed of the passenger ships, the cargo shipping lane could be a cause of concern for
this species. Further studies would be needed to assess how this increased collision risk may affect
the sperm whale mortality rate.

Figure 3.16. TRI -WWF France injured sperm whale dataset and Cargo ship density map derived from EMODNET
dataset.

Fin whales
For fin whales, the injured individuals were observed over a wider area, where several shipping lanes
(mainly from passenger vessels) occur (Fig. 3.17). Therefore, reduction of the speed of passengers’
vessels crossing the basin would be strongly beneficial and recommended within the Pelagos
Sanctuary area.
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Figure 3.17. TRI -WWF France injured fin whale dataset and Passenger ship density map derived from
EMODNET dataset.
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4. Examine fin whale distribution patterns in relation to predictive models using
satellite imagery
4.1. Introduction
Visual satellite imagery offers the opportunity for near instantaneous and complete survey coverage of
substantial areas. This makes it potentially easier to compare whale distribution with predictive models
based on habitat variables than line transect data, where distribution can only be compared along the
track lines. A disadvantage of visual satellite imagery is that it is not possible to estimate detection
probability, so only a relative index of density can be derived. However, for the purposes of minimising
ship strike risks, a relative density is all that is needed if, for example, routeing options are being
chosen to pass through areas of lower whale density. In addition, the availability of a whale to be
detected at the surface is potentially a direct indicator of when it is at risk of a collision, particularly for
small vessels with just a few metres draught. Satellite imagery has been attempted for use to inform
ship strike reduction measures where there was a need to cover a wider area than vessel-based
surveys, particularly in offshore areas which are more logistically difficult. Leaper and Fretwell (2015)
described an attempt to use satellite imagery offshore of the south coast of Sri Lanka. In that area,
whale distribution was known to be reliably concentrated in certain areas and the aim was to increase
understanding of the extent of the areas of concentration. In the case of the Pelagos Sanctuary, whale
distribution is known to be highly dynamic. The intention of the satellite imagery surveys was to
evaluate the potential of habitat models to predict whale distribution patterns at a spatial scale that
could assist in ship strike mitigation.

4.2. Methods
4.2.1 Satellite imagery
We used satellite imagery captured by the Very High Resolution optical satellites WorldView2 and
WorldView3. The images are delivered as composite images, with panchromatic (greyscale) images
delivered at 0.46m resolution and multispectral (red, green, blue and near-infrared) delivered at 1.5m.
These images were then pansharpened1 to provide multispectral images at 0.46m resolution.
Originally the project had provisioned to collect images over a number of small areas, but after
negotiation with the satellite image provider Maxar (DigitalGlobe), an agreement was made to provide
imagery of a large portion of the Pelagos Sanctuary to the project free of charge through Maxar’s
Corporate Responsibility section. We requested an area of the central-western area of the Pelagos
Sanctuary, covering 32,600 km2, to be imaged in the summer period between the beginning of June
and the end of August. Maxar delivered 23 images covering the whole area (see Figure 4.1). This
imagery would have cost around €800,000 if it were purchased at full price.
An initial assessment of the imagery showed that only around 27,000 km2 (80% of the total area) of
the imagery was suitable for detecting whales. The other 20% had waves or whitecaps both of which
restrict the detection of whales in imagery. Sea state has been found to be one of the main factors
affecting detection probability on satellite images and, in conditions with even occasional whitecaps,
confident detection of whales has proven very difficult (Cubaynes et al., 2019; Fretwell et al. 2014);
therefore, the imagery used in the analysis for this report was limited to the images with calmer seas.
Although it is not possible to exactly estimate the Beaufort sea state in the satellite imagery without onthe-ground comparison, we estimate that this imagery equates to Beaufort 1 or 2.
The dates of the imagery varied over the summer period, but to aid analysis we restricted the analysis
to two batches of imagery taken from 3rd August 2018 to 7th August 2018 and from 16th August 2018 to
21st August 2018. These are referred to as Survey 1 and Survey 2 (Figure 4.1).

1

A process of merging high-resolution panchromatic and lower resolution multispectral imagery to create a single highresolution image.
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Figure 4.1. The 23 images provided by Maxar of the Pelagos area rank in order of image quality and sea state;
green equates to good imagery with a low sea state, yellow is moderate and orange is unsuitable due to poor sea
state. Only good or moderate images were used in the analysis.

The imagery was analysed using the mapping software ESRI ArcGIS 2017 through a systematic
manual count. Each image was scanned by an experienced observer at a scale of 1:2000, covering an
area of 0.28 km on each screen. 98,000 screenshots were viewed to count the whole survey. Objects
considered to be whales were given a classification of possible/probable/definite based on the
classification system of Cubaynes et al. (2019). A previous survey of whales in the Pelagos, taken in
2016, had shown that counting fin whales in the open sea was viable (Cubaynes et al., 2019).
However, that survey had used higher resolution imagery (0.31 m per pixel). To facilitate the coverage
of a wider area in this survey the imagery used was slightly lower resolution at 0.46 m per pixel and
this impacted the detectability and clarity of whales and therefore confidence of the whales seen in the
images; in comparison to the earlier survey, fewer detected whales in this survey were classed as
definite (see Figure 4.2).
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Figure 4.2. Four images of fin whales, two from 0.31 m resolution imagery and two from 0.46 m resolution
imagery. Note the lack of definition in the 0.46 m images.

We considered using an automated approach to detect fin whales in the imagery and tested an
unsupervised classification (Isodata) and supervised classification (Maximum likelihood). Automated
approaches using machine learning similar to Borowicz et al. (2019) and Guirado et al. (2019) were
not attempted, as these would require a larger training set of images of fin whales than is currently
available. To test both unsupervised and supervised approaches, we used the geospatial image
analysis software ENVI 5 (Harris Geospatial) and satellite imagery of the Pelagos Sanctuary collected
in June 2016, analysed by Cubaynes et al. (2019). As the imagery included no coastlines, there were
few variations between pixels and the stretch applied to the imagery by the satellite provider created
bands, which appeared to confuse the unsupervised method. The supervised method seemed to
perform well when using the pan-sharpened imagery with no additional pre-processing (e.g. smoothing
and aggregation) with 3.55 % of false positive and 3.55 % false negative. However, testing these
various automated approaches to figure out which one was more appropriate took a consequent
amount of time, and seemed inefficient when compared to manual scanning. Hence, manually
scanning was used for the 2018 imagery, as it seemed more appropriate for this project.
It was assumed that the manual detection probability was uniform across all images where sea state
was judged to be within the acceptable range for images classified as moderate or good. All images
were manually scanned for the presence of whale-objects and whale signs. Whale detections were
categorised into ‘definite’, ‘probable’, ‘possible’ where the body was detected (as defined in: Cubaynes
et al., 2019) and ‘Whale sign’ where there was distinctive evidence of a whale (e.g. fluke print) but the
characteristic outline of the body was not visible. The ‘definite’, ‘probable’ and ‘whale sign’ detections
were included in the comparative analysis with predictive models.

4.2.2 Habitat Modelling
Habitat models were provided by Jean-Noël Druon at Joint Research Centre (JRC) calculated daily.
These were derived from the simultaneous occurrence of large oceanic fronts of satellite-derived seasurface chlorophyll content (Chl-a) and sea surface temperature and are described in Druon et al.
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(2012), with further validation and refinement of the approach in Panigada et al. (2017a). These
changes compared to the approach in Druon et al. (2012) were to use identified sea surface Chl-a
fronts only, rather than in combination with the satellite-derived SST fronts. This was because the
infrared data used to derive SST were found to be less stable from day to day than the optical data
used to derive surface Chl-a. The potential feeding habitat model was therefore based on the
productive frontal features of chlorophyll-a, a range of surface chlorophyll-a concentrations and a
minimum water depth (Panigada et al., 2017a). For each 4.6 x 3.4 km grid cell, the models provide a
habitat score on the scale 0-1. Anything that is non-zero can be considered as potentially favourable
habitat.
For each polygon of satellite imagery, the average habitat score from the models was calculated for
the day of the image and also over the previous three weeks. The average habitat score at the
location of each whale detected was also calculated for the same time periods. The objective of this
was to examine if there was any delay in an increased probability of whale presence following a high
habitat score (e.g. if it took the whales some period of searching to find optimum habitat).
The number of grid squares in each polygon with either 0 habitat score or habitat score > 50% was
also calculated and compared to these values at locations where whales were detected.

4.3. Results
4.3.1 Whale detections and habitat scores

Figure 4.3. Areas covered by visual satellite imagery. Survey1 polygons (yellow) and Survey2 polygons (red).
Area covered was predominantly in depths greater than 2000m.
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The count over the 27,000 km2 of ocean covered by the satellite imagery resulted in 18 definite
whales, 14 probable whales, and 97 possible whales. There were also eight locations where whalesign identified the presence of a whale, but the whale was submerged. We utilized the Definite,
Probable and Whale-sign, which totalled 40 detected whales, of these 38 were within the two batches
used in the analysis:
Survey1 covered an area of 12,605 km2 (Figure 4.3) between 03 August 2018 and 09 August 2018
with 22 whales detected. One of these was in an area that was poorly covered by data required for the
habitat model and so was not included in the comparisons.
Survey2, covered an area of 12,903 km2 (Figure 4.3) between 16/08/18 and 21/08/18 with 17 whales
detected.
This resulted in a total of 38 whale detections across an area of 25,508 km2 for comparison with the
habitat modelling predictions. Of these 38 whales, 18 were in a habitat score of zero at the time of
detection. Thus 53% of whales observed were in areas with a non-zero habitat score. This compares
to an average across all the polygons of 57% of the area with a non-zero habitat score.
For Survey1, the average habitat score across all the surveyed polygons for the period 03/08/18 to
09/08/18 was 0.12. The average habitat score at the whale locations on the day that they were
detected was also 0.12 (stdev = 0.12).
For Survey2, the average habitat score across all the surveyed polygons for the period 16/08/18 to
21/08/18 was 0.18. The average habitat score at the whale locations on the day that there were
detected was 0.17 (stdev = 0.20).
There were no significant differences between the habitat scores at whales or across the surveyed
area or between the proportion of whales in a habitat score of zero and the overall proportion of zero
habitat scores across the surveyed area.
On Survey1, 16 out of 21 (76%) whales were within 7 km of non-zero habitat. On Survey2, 13 out of
17 (76%) whales were within 7 km of non-zero habitat.

4.3.2 Changes in habitat score over time
To examine whether there may be a time delay between the peak in habitat suitability at a particular
location and the probability of observing a whale there, the habitat predictions at each whale location
were examined up to one month prior to the whale detection. These are shown in Figures 4.4 and 4.5
for Survey 1 and 2, respectively. These plots show that the trend in habitat score at whale locations
tends to follow the overall trend across the wider area surveyed. There was no indication of a
consistent time delay between a high habitat score at a particular location and a whale being observed
there.
These plots also demonstrate the dynamic nature of the habitat scores. The values shown are
averages across all the whale locations and the surveyed polygons. Thus, the variability at any
particular location is likely to be much greater.

31

Spatial average of Habitat Suitability

0.4
0.35
0.3
0.25
0.2
0.15

0.1
0.05
0
06/07

11/07

16/07

21/07

26/07

31/07

05/08

Date
Average at whale locations

Average across whole area

Spatial average of Habita
Suitability

Figure 4.4. Average Habitat Suitability across surveyed polygons from Figure 1 shown in red (Those surveyed
between 03/08/2018 and 07/08/2018). Average Habitat Suitability across points where whales were detected
(shown on Figure 4) in those polygons shown in blue.

0.35
0.3
0.25
0.2
0.15
0.1
0.05
0
14/07

19/07

24/07

29/07

03/08

08/08

13/08

18/08

23/08

Date
Average at whale locations

Average across whole area

Figure 4.5. Average Habitat Suitability across surveyed polygons from Figure 1 shown in red (those surveyed
between 16/08/2018 and 21/08/2018). Average Habitat Suitability across points where whales were detected
(also shown on Figure 6) in those polygons shown in blue.

32

Figure 4.6. Habitat scores (green shading) averaged over the period 03/08/2018 to 09/08/2018, a green shading
indicates a higher score. Survey1 polygons shown in red with whales detected (blue dots).

Figure 4.7. Data as for Figure 4.6 but just showing habitat scores for 06/08/18 to illustrate variability.
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Figure 4.8. Habitat scores (green shading) averaged over the period 16/08/18 and 21/08/18. Survey2 polygons
shown in red with whales detected (blue dots).

Figure 4.9. Data as for Figure 4.8 but just showing habitat scores for 18/08/18 to illustrate variability.
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Figure 4.10. Survey1 and Survey2 combined with habitat scores averaged over 03/08/2018 to 21/08/2018.

The locations of detected whales and surveyed polygons are shown in Figure 4.6 for Survey1, Figure
4.8 for Survey2, Figure 4.10 for both surveys combined, together with the averaged habitat scores.
Figure 4.7 and Figure 4.9 are habitat scores from a single day in the middle of the averaged period for
each survey. This shows that there can be considerable variability in the habitat scores on a daily
basis. Whales tended to be evenly distributed across the surveyed areas, with no obvious substantial
clustering.

4.4. Discussion
4.4.1 Whale density and ship strike risk
For the Pelagos area Panigada et al. (2017b) estimated, for the year 2010, a density of fin whales of
0.0037 whales/km2 from aerial surveys. They also found the area off the NW of Corsica to have higher
density than the east of the island. The whales detected in this study were at a density of detections
of 39/25508 = 0.0015 whales/km2. If the densities in 2010 and 2018 were the same, then this would
suggest a detection probability of 0.41. Calambokidis et al. (2019) found that tagged fin whales in the
Pacific spent 49% of their time during daylight within 15 m of the surface, with a substantial proportion
of this time at very shallow depths where they might be visually detected from images. Thus, the
results would be consistent with broadly similar densities in 2018 to those observed in 2010.
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Figure 4.11. Shipping density expressed in ‘traveled distance (Km) data with locations of whale detections (blue
dots) and surveyed polygons (black lines).

Figure 4.11 shows that whales were observed close to most of the major shipping routes within the
surveyed area including major ferry routes from Nice, Genoa and Toulon. If the satellite data are taken
as an indication of a whale at the surface at risk of a ship strike (i.e. no correction is made for diving
whales) then the density of such ‘at risk’ whales is 0.0015 whales/km2. This may be reasonable for
most ferries with up to 6 m draught or smaller vessels. However, large merchant ships with draughts of
up to 15 m could probably hit a whale that was at a depth where it would not have been detected from
the satellite images. For a ferry with a beam of 30 m, assume another 20 m swept width for the
dimensions of the whale, i.e. a total of approx. 50 m. For the 140 km length of transit across the
surveyed area for the Nice to Bastia route this will result in an expected 0.01 collisions on each
crossing assuming no avoidance by the whale or vessel. Given that in summer there can be up to 30
ferries a day crossing from the mainland to Corsica there could be a risk of two collisions a week from
ferries to Corsica alone.
It has been proposed that observations of whales from vessels could be used to inform the choice of
routeing decisions as well as to enable avoidance manoeuvres by vessels that are small and
manoeuvrable enough for this to be effective. If routeing decisions are based on sightings, then the
routeing choice should be based on whether there are greater or fewer sightings than would be
expected for the sighting conditions. Greater than expected sightings suggests that choosing an
alternative route could reduce risk. A reasonable assumption based on survey data is that on average
observers placed on a vessel will have an effective strip half width of 1 km (i.e. a 2 km effective strip
width, or an equal probability that a whale at a perpendicular distance greater than 1 km will be seen
or a whale at a perpendicular distance of less than 1 km will be missed). It is also reasonable to
assume g(0)=1 for fin whales (i.e. any whale directly in the path of the vessel will be detected). Based
on the satellite observations, assuming a detection probability of 0.4, the expected number of whales
seen would be 1.05 whales per trip. Thus, a sighting of a single whale on a transit should not be taken
as an indication that there are any higher densities of whales along the route than would be expected
elsewhere.

4.4.2 Strategies for using habitat predictions for ship strike avoidance
The proportion of whales observed in favourable habitat with a non-zero score (53%) was less than
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the 70% for a wider area of the western Mediterranean. In addition, there was very little habitat greater
than the 50% value which has included 40% of sightings in previous studies (J-N. Druon pers. comm.).
This may indicate that predicting whale distribution in the study area is more difficult than elsewhere or
possibly just at the time of this survey (summer months). Panigada et al. (2017a) found that 80% of
satellite tagged whale positions were within 7 km of the closest suitable habitat (i.e. habitat suitability >
0). In this study the corresponding proportion was 76%.
At the spatial scales investigated, it was not possible to use the habitat models to predict likely whale
locations. The grid squares were approximately 4.6 x 3.4 km and ideally ship strike avoidance
measures would require data at this scale or finer. During the survey period, the habitat values across
the Pelagos were complex and changed quite rapidly, making predicting whale locations difficult
particularly if there was a time delay between suitable habitat appearing and a whale finding it. The
combined data from the two survey periods combined (Figure 4.9) show whales distributed across the
Ligurian Sea with no obvious concentrations. This is a similar pattern to that observed in other studies
(Panigada et al., 2017a, b), but the instantaneous nature of the satellite coverage shows this even
more clearly than line transect surveys.
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5. Create a collision network involving the main shipping companies at the
Pelagos Sanctuary scale
5.1. Context
In order to better assess the number of collisions in a specific area, it is necessary to involve the
actors causing the potential threats. This involvement also provides a chance to describe and
understand the accidents and, on this basis, to continue to improve measures to reduce the collision
risk, together with the different stakeholders.
In 2010, a first project had initiated the creation of a network of shipping companies and port
authorities in France. The aim was to collect, directly from the crews, information on ship strikes that
had occurred in the past or had been narrowly avoided; this was originally named ‘the Collision
Network’.
Indeed, when a collision occurs, it is often difficult to retrieve the information and render them available
for the scientific community. Without prior adequate awareness, shipping companies or port authorities
may be reluctant to disseminate the data, either for fear of communication that could affect their image
or, more simply, because they are not aware of the organisations to contact. In addition, when
information does come to light, it is often too incomplete to be fully exploited for conservation and
mitigation purposes.
In order to better quantify the problem of collisions and to identify the involved key factors, a worldwide
database is managed by the International Whaling Commission (IWC). In May 2020, it counted 933
validated records related to many cetacean species (IWC, 2020). The IWC and several other
international organisations such as ACCOBAMS, the Pelagos Sanctuary Agreement and the
International Maritime Organization (IMO) promote this database.
The objectives of this work-package were to 1) update the Collision Network (contacts, partnership
agreement and collision report form) and increase the number of contributors (ship owners and
harbours) for France and the Principality of Monaco; 2) extend the approach to Italy ("Rete Collisioni");
and 3) strengthen this network over the whole Pelagos Sanctuary area in order to improve the
monitoring of collisions that have occurred or have been avoided in the Pelagos Sanctuary area.

5.2. Methodology
The setting up of this network took place in 4 stages.
First of all, we worked on the 2010 archives in order to update the documents relating to the
deployment of the Collision Network (partnership agreement, collisions report form, contacts, etc.). In
this context, the collision report form annexed to the agreement was revised in order to correspond
more closely to the information required on the IWC online database. We also contacted the
Permanent Secretariat of the Pelagos Sanctuary that could be the receiver of these forms to update
the contacts indicated on the collision alert form. A new email address 2 has been created. We
subsequently created a logo to visually identify the Collision Network.
For this first line of work, the association Armateurs de France3 was contacted and gave its support on
this measure, as they originally did in 2010. They validated and endorsed the e-mail to be sent to the
shipping companies and authorities.
In a second stage, the pre-existing database of French shipping companies and port authorities was
updated (referent name, contact details, etc.) and expanded. The new structures likely to be integrated
into the Collision Network were thus listed and the appropriate managers were sought. Finally, an email presenting the project, the issue of ship strikes, the Collision Network and the interest of their
potential involvement was drafted: one for the companies already contacted in 2010, one for the
companies equipped with REPCET4 (Real Time Plotting of CETaceans) (see chapter 6), one for the
2

emergency@pelagos-sanctuary.org

3

Armateurs de France is the professional organisation of French maritime shipping and services companies

4

http://repcet.com/en/home/
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new companies and one for the port structures. These e-mails have been sent to the contacts present
in the database in order to propose them to renew their commitment or to join the Collision Network.
In a third phase, as a result of the low number of responses to our solicitations, a short online survey
(Tab. 5.1) was sent to the same receivers originally contacted during phase 2. The aim was to identify
the reasons of the little interest in the Collision Network, to allow us to address the difficulties
encountered on this task and eventually find a better way to approach the companies.

Table 5.1. Online survey sent to potential members of the Collision Network (ship owners and harbours).

●

1. Would you like to join the Collision Network?
The signing of the agreement is in progress

●

I would like to receive the necessary documents again

●

Other:
2. If you do not wish to join the Collision Network, can you tell us why?

●

We are only concerned with collisions

●

We didn't have time to think about the proposal

●

We do not wish to communicate on our possible collisions

●

Other:
3. If you are not involved in collisions, can you specify why?

●

We mainly sail at night
We sail at low speed
Other:

Subsequently, the documents were translated for distribution in Italy. Initially, the same method of
distribution as in France was to be used in Italy, but various actions in progress on the topic of
collisions led to work jointly with Italian partners such as the CIMA Research Foundation (CIMA) and
the WWF Mediterranean Programme Office (MedPo). For more legitimacy, and in order to avoid
several solicitations simultaneously on a common theme, multiple meetings with these partners
allowed to foresee a collaboration plan to integrate in their process the presentation of the Collision
Network to Italian companies. The partners therefore received the documents to disseminate them.

5.3. Results
5.3.1. France
In France, 37 structures have been identified in the Pelagos Sanctuary as potential members of the
network. Out of the total, 31 could be contacted (Tab. 5.2). For the six other structures, we were not
able to identify the right correspondents.
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Table 5.2. Summary table of the types of structures contacted within the framework of the Collision Network in
France.
Identified structures

Number of people contacted

Ship owners

20

Port authorities

9

State institutions

2

As a result of the various exchanges with the French stakeholders, two conventions were signed: one
with a port authority and one with a ship owner for ships equipped with REPCET. A third one, with a
company also using REPCET, is still in the process of being signed. We also obtained expressions of
interest from another port authority and two other ship owners, whose ships are also equipped with
REPCET.
One of the solicited State institutions (Armement des Phares & Balises and the Direction
Interrégionale de la Mer Méditerranée) has indicated that it does not wish to join the network,
considering that their vessels do not represent a risk regarding their speed of navigation.
Regarding the survey that was circulated to understand the non-adherence of the structures
contacted, we obtained only two feedback from all the people who received it. One indicated that the
convention was in the process of being signed, the other wished to receive the documents again and
has changed some of the terms of the contract.

5.3.2. Principality of Monaco
We could not identify any shipping company in the Pelagos Sanctuary likely to join the Collision
Network from the Principality of Monaco. On the other hand, on the side-lines of the Monaco Ocean
Week, organised in the last week of March 2019, a meeting was held with the Captain's Club of the
Yacht Club de Monaco to present REPCET and the Collision Network for the local yachting
community. The Captain's Club had the will to integrate cetacean-related issues in the creation of a
"blue" code of navigation. As for today, we are still waiting for the code to be created and
implemented.

5.3.3. Italy
In Italy, with the help of CIMA and MedPo, we have identified seven shipping companies (Corsica
Ferries, Costa Lines, GNV, Grimaldi Lines, Moby Lines, Toremar and Tirrenia), the Italian Coast
Guard and the Confederation of Italian Ship owners (CONFITARMA), which would be willing to join the
Collision Network in the long term depending on the expected level of commitment requested.
For the reasons presented in Section 5.2 (Methodology), these organisations were not contacted
directly and we decided to work jointly with CIMA and MedPo. Potential Collision Network members
will be invited, in the coming months, to meetings (technical workshops) organised by these two
partners in Italy on the subject of navigation safety and collisions. It was agreed that the approach
could be presented to them on these occasions. The two Italian organisations will have access to the
documents distributed in France, which they will in turn distribute to Italian companies.
In addition to the presentation prospects of the Collision Network during the above-mentioned
workshops, we used digital platforms to expand the communication tools. Through these platforms,
everyone can get to know the Collision Network and, obtain information about its functioning
(download partnership agreement and collision report form) in French, Italian and English on the
websites:
http://repcet.com/recommandations/ (managed by Souffleurs d’Ecume) and
https://www.cetaceifaiattenzione.it/avvistamenti/#rete-collisioni (managed by Tethys Research Institute
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for the “Cetacei, Fai Attenzione!” project). This will offer greater visibility and can highlight the FrenchItalian collaboration.

5.4. Conclusion and future perspectives
In France, we encountered a low rate of membership to the Collision Network compared to the number
of organisations contacted. This rate is lower than in 2010, when the project started. As for Italy, since
the first attempt of its deployment in 2010, which was proved to be premature, a great deal of work has
continued to be carried out on the subject of collisions. This will certainly lead to greater membership
once the approach is presented to the various ship owners by the Italian partners.
The current number of members is not as high as expected, but the distribution of the various
documents and the numerous reminders of membership have undoubtedly contributed – and will
continue to do so in the future – to raise awareness among shipping professionals.
Exchanges with Armateurs de France have enabled a better understanding of certain obstacles in the
deployment process in France.
In addition to the interest of ship owners in the environmental theme, which is increasingly present in
the environmental development axes (REPCET, PSSA project, etc.), the companies remain very much
in demand in the context of their social and environmental responsibility. They are therefore expected
to prioritize measures. Moreover, it appears from the feedback received from Armateurs de France
that interest in the problem of collisions is very well perceived within the companies, but despite this,
they are unable to quantify it. Indeed, in general and despite their knowledge of the risk, crew
members admit that they are unable to report collision or avoidance information due to a lack of
observation (collisions or animals often going unnoticed).
In this context, and in order to continue to promote the approach, it would be more profitable in France
to work jointly with Armateurs de France, which has offered to act as a relay in the deployment of the
Collision Network among its members. To this end, the documents have been sent to them (e-mail,
partnership agreement, collision and Near Miss Events (NME) forms, links to the REPCET site with
online forms). They will thus be able to communicate on the approach to their members, distribute the
documents and improve awareness on this critical issue. They will also make sure to mention this at
the next meeting of their environmental committee. In the coming months, we will continue to follow up
with Armateurs de France in order to obtain feedback on their internal procedures and on the
implementation of this project.
In addition, as it stands, the agreement indicates the following commitments to the contributor:
- "Souffleurs d'Ecume, with the support of the Pelagos Sanctuary, undertakes to provide any
information relating to the problem of collisions and the animation of the Network, by means of
dedicated awareness meetings or specific training courses decided jointly with the Contributor."
- "The Contributor's participation in the Network shall be valued through the following commitments:
transmission to the Contributor of an annual list of collisions recorded within the Network (excluding
sensitive data); transmission to the Contributor of the study reports carried out on the basis of the
collected data; invitation of the Contributor to the meetings organised by the Pelagos Sanctuary on the
topic of collisions; communication to the general public of the Contributor's participation in the work of
the Pelagos Sanctuary and, through this vector, in the protection of marine biodiversity."
- "Souffleurs d'Ecume is at the disposal of the Contributor to participate in its sustainable development
policy and associated communication."
It is possible that this information may not provide sufficient added value for the targeted stakeholders.
Some are dependent on the number of contributors and annual collision reports. This may make the
contribution less attractive. Moreover, some shipping companies (oil tankers, container ships, LNG
carriers, etc.) do not make use of communication and awareness campaigns such as ferry companies
– who present and value their commitments towards conservation of the marine environment to
passengers.
It would be interesting to consider other services offered to stakeholders in order to create a more
"win-win" partnership. To this end, several suggestions could be explored: proposal for training
courses; co-construction of a communication strategy in the event of the presence of a carcass

41

brought back to port (raising public awareness and media management); providing onboard Marine
Mammal Observers (MMO) for cetacean detection; proposal for conferences for crew of vessels
involved in passenger transport; involvement of contributors in decisions concerning the management
of maritime traffic on the Pelagos Sanctuary area, etc.
On this last point, the project to create a PSSA in the north-western Mediterranean would be a
springboard for the involvement of companies in ship strike risk management and mitigation. Indeed,
such a designation would most certainly be accompanied by stronger commitments within the
companies, which would all be subject to the same measures, without distinction of flag.
Membership of the Collision Network could also become a powerful commitment in a certification for a
"greener" navigation (for example the SAILS charter in France5), which could be created to enhance
the involvement of companies in environmental issues. Equipping ships with REPCET could also be
one of these commitments. In all cases, the first measure to be initiated would be to directly consult
ship owners to identify specific interests and needs that would make membership sufficiently
attractive.
In addition, in France, since the 1st of January 2019, the reporting of incidental catches by the fishing
industry is compulsory6. Following this example, one of the prospects that could be explored would be
to make the report of collision also compulsory. However, this would assume that vessels are aware of
these accidents, and it seems that the problem lies more in the observation itself than in the reporting.
This approach, even if it would ensure a certain number of reports, could however have a negative
effect on the community that we are trying to collaborate with through a voluntary process and not on
the basis of regulations.
To conclude, follow-up and complementary steps in France, in the Principality of Monaco and in Italy
are still necessary at this stage in order to have a common tool to collect collision events or NME
directly from ship owners throughout the Pelagos Sanctuary.
Within the framework of the France-Italy-Monaco collaboration that has existed for many years and
encouraged by the Pelagos Sanctuary – in particular on the topic of collisions – we think it is important
in the coming years to develop and/or harmonise in the three countries: 1) training for shipping crews;
2) collision recording procedures (e.g. Collisions Network); 3) collision management measures
(standardised protocols) in order to improve awareness and shared knowledge at the level of the three
countries. It is also important to simultaneously encourage the involvement of sedentary staff who
manage, among other things, the societal and environmental responsibilities policies.
The objectives of the Collision Network could become a standard within shipping companies if we
improve the knowledge of these complementary audiences (seafaring and sedentary) and if we have
the possibility to provide them with a "give and take" partnership. For new perspectives, we would
therefore suggest a broad survey of companies' expectations and/or needs (in a form to be defined)
that would provide input to the counterparts of a partnership such as the Collision Network.
Concerning the follow-up of the Collision Network, the coordination of the approach in Italy from
France (agreement with Souffleurs d'Ecume) can be a hindrance. To avoid this risk, it would be
appropriate to consider the Collision Network in the form of a trilingual platform (French, English,
Italian) administered by French and Italian stakeholders for optimal cross-border use. This interface
would facilitate the on-line reporting of collisions or NMEs, the archiving of information on a database
accessible to the various administrators, the communication of information on the holding of training
courses, conferences, etc., in the three countries, and the provision of a privileged space for "win-win"
partnerships for the contributors.
However, federating people and structures, and sustaining a network, require dedicated human and
financial resources in order to animate it in the long term and thus generate growing interest. Based on
the example of the National Stranding Network in France, annual public funding could be an idea to
explore in the three countries.

5

https://www.ecologique-solidaire.gouv.fr/sites/default/files/SAILS%20-%20Charter_EN.pdf

6

Arrêté du 6 septembre 2018 portant modification de l'arrêté du 1er juillet 2011 fixant la liste des mammifères marins protégés
sur le territoire national et les modalités de leur protection
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6. Quantitative evaluation of mitigation strategies
The aim of this chapter is to evaluate the efficiency of an existing mitigation strategy (i.e. REPCET) to
reduce the risk of ship strikes for fin and sperm whales in the Pelagos Sanctuary. The results obtained
provide insight for possible future management decisions related to the collision risk in the Pelagos
Sanctuary and their likely effectiveness.
An inventory has been drawn up to evaluate how the risk of collision between vessels and large
whales has evolved during the last decade in the Pelagos Sanctuary. The effectiveness of REPCET
as a mitigation measure to reduce ship strikes is assessed through an evaluation of the first year of
the mandatory implementation of the REPCET system for part of the French flag vessels, by
comparing the data in the REPCET database and vessel traffic data in 2018, and proposing relevant
indicators to monitor the risk of ship strikes. This study analyses the efficiency of a mitigation strategy
based on REPCET and suggests options for improving the strategy, in order to reduce the number of
strikes with large whales.
Part of this work has been co-funded by the French Ministry of Environment.

6.1. Evolution of the collision risk
The collision risk can be estimated by cross correlating shipping data and cetacean distribution data.
6.1.1. Shipping data
Automated Identification System (AIS) data covering the whole Pelagos Sanctuary for 2010 and 2018
have been purchased. These two datasets complement the 2014 annual dataset already used to
develop a model for the assessment of collision risks (Jacob et al., 2016). A large amount of effort has
been put into the identification of AIS providers that would enable the provision of robust and
comprehensive datasets. The major difficulty was in finding a provider that had access to the most
comprehensive data for 2010, as the AIS network was not as well developed then as today. It is
essential that the shipping density derived from the AIS data in 2010 is as comparable as possible with
the 2014 and 2018 data in order to avoid bias in the results. Table 6.1 details the AIS datasets used
for the study.
The analysis of the characteristics of the traffic in the Pelagos Sanctuary in 2010, 2014 and 2018 has
been performed using a similar methodology as done previously by Quiet-Oceans (Jacob et al., 2016).
The traffic characterization is based on an AIS dataset that allows a detailed description of the
movements of the ships during a given period, and to identify the ships present in the study area. The
calculation of individual trajectories has been performed for the three years of data, which serve for the
estimation of the collision risks. Vessels are identified via their MMSI (vessel identification number) or
IMO (International Maritime Organization) code. The MMSI was preferred in subsequent processing
since the IMO number is not mandatory for all vessels. Ships are characterized by a set of properties
that allow:
●
●
●

to validate their status (incorrect MMSI for example);
to categorize vessels per activity;
to calculate the trajectories of each vessel.

Table 6.1: Characteristics of the AIS datasets used for the study.

Time resolution

Period

Types of vessels

2010

2014

2018

15 minutes

60 minutes

5 minutes

2010/06/15 00:00:00
2010/09/14 23:59:59

2014/06/15 00:00:00
2014/09/14 23:59:59

2018/06/15 00:00:00
2018/09/14 23:59:59

All

All

All
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6.1.2. Cetacean distribution data
In order to characterize the distribution of fin whales and sperm whales, data from Delacourtie et al.
(2009) were used, which take into account the existing summer data on the last 15 years of eight
French and Italian organizations. The data lead to a map showing the encounter rate of each of these
two species. Compared to recent publications in this area, it has been concluded that these reference
maps were still relevant and comparable with the results published by Panigada et al. (2011) and
Pettex et al. (2014) on fin whales, and Comber et al. (2015) on sperm whales. The kriged encounter
rates (number of observations per km of effort) have the advantage of being representative,
quantitative, spatialized with a relatively fine resolution based on a regular mesh grid of 0.1° x 0.1°,
and covering the entire Pelagos Sanctuary.

6.1.3. Evolution of the collision risk indicators
Ship strikes indicators have been defined similarly as what has been done by Folegot et al. (2015) and
Jacob et al. (2016):
●
●

the Injury Weighted Travelled Distance (IWTD) indicator;
the estimated number of Near Miss Events.

The IWTD indicator
Collisions with cetaceans depends on several factors:
●
●
●

the distance travelled by the vessels;
the speed of the vessels;
the presence of cetaceans at the surface.

Independently from the probability of presence of cetaceans at the surface, the IWTD indicator
characterizes the maritime activity according to its risk of collision. The collision probability law
proposed by Vanderlann and Taggart (2007) is applied along each trajectory of each vessel navigating
in the Pelagos Sanctuary in order to account for the possible severity of the collision in terms of injury.
The collision risk indicator is the product of the cumulative number of kilometres travelled by the vessel
in the Pelagos Sanctuary multiplied by the probability of lethal collision injury (Fig. 6.1). An alternative
indicator could be also constructed using the probability of collision occurring with speed as proposed
by Conn and Silber (2013).

Figure 6.1. Probability of lethal collision injury based on vessel speed. According to Vanderlann and Taggart (2007).
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The calculation of the IWTD indicator has been established for both cargo and passenger vessels that
carry the main collision risk in the Pelagos Sanctuary (Jacob et al., 2016). For these two categories of
vessels, the IWTD has increased by 45% and 35% respectively from summer 2010 to 2014, and 6%
and 14.5% from summer 2014 to 2018 (Fig. 6.2).

Figure 6.2. Definition of the collision risk indicator as
the product of the travelled distance with the
probability of injury which is a function of speed.

Figure 6.2. Evolution of the Injury Weighted Travelled Distance for
cargo and passenger vessels in the Pelagos Sanctuary from summer
2010 to summer 2018.

The Near Miss Event indicator
Tregenza et al. (2000) proposed a simple model associated with certain hypotheses to quantify the risk
of collision. The objective of the model was to quantify the number of individuals of a given species that
a vessel can encounter in front of its bow. This model does not incorporate the fact that animals are
mobile, which is fortunately the case and undoubtedly allows that many collisions are avoided.
Nevertheless, it gives an idea of the number of potential collision cases. This model is based on five
assumptions:
- the vulnerable part of the specimen can be represented by a line the same length as the animal;
- the orientation of the animal relative to the direction of the ship is random;
- the animal does not tend to get on or off the course of the ship;
- the route followed by the ferry meets a density of whales identical to that of a wider area on which a
census made it possible to obtain an estimate of density;
- Ships do not avoid animals.
Some hypotheses do not reflect reality, but the objective is to obtain an initial assessment of the
situation. The estimation of the number of collision situations takes into account 5 parameters:
- the length L of the specimen, in meters;
- the fraction T of time spent on the surface by the animal, in%;
- the width W of the ship's hull, in meters;
- the population density P in individuals / km²;
- the distance travelled Dc by the vessel in the area, in kilometers;
The Near Miss Event (NME) indicator proposed is an adaptation proposed more recently by Folegot and
colleagues (2016). It results in a model which makes it possible to estimate the number of collision
situations between a vessel υ traveling S (υ) journeys and a specimen (or group of specimens) and
takes the following form:
𝑆(𝑣) (𝑊+0.64𝐿)
. 𝐷𝑐 (𝑠). 𝑇. 𝑃
1000

𝑁𝑁𝑒𝑎𝑟𝑀𝑖𝑠𝑠𝐸𝑣𝑒𝑛𝑡 (𝑣) = ∑𝑠=1

In order to take into account the available kriged abundance data of large whales with fine resolution,
the abundance data is used as a proxy of the number of individuals observed on the surface. An
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observation distance is used to convert the parameter T from the estimate the number of individuals
on a surface called "swath" of observation F. Thus, the proposed model which allows to estimate the
number of collision situations taking into account the spatial distribution of the specimens by
geographical cell 𝐴(𝑚) is:

𝑆(𝑣,𝑚)
𝑁𝑁𝑒𝑎𝑟𝑀𝑖𝑠𝑠𝐸𝑣𝑒𝑛𝑡 (𝑣) = ∑𝑀
𝑚=1 ∑𝑠=1

(𝑊(𝑣)+0.64𝐿)
1000

. 𝐷𝑐 (𝑠).

𝐴(𝑚)
𝐹

The formulation proposed in the previous paragraph has been validated (Folegot et al., 2016) against
actual observation provided by the "Fix Line Transect" (FLT) network, which brings together
organizations that collect scientific data on marine animals (e.g. cetaceans, turtles, birds, large pelagic
fish) from opportunistic platforms such as ferries and according to a standard and common protocol,
coordinated by ISPRA. The network started in 2007 on a single line and currently has between 11 and
13 lines, which run year-round or seasonally. Several shipping companies are partners involved in the
network: Corsica and Sardinia Ferries, Grimaldi Lines, CTN, etc.
The calculation of the NME indicator has been established for fin and sperm whales for both cargo and
passenger vessels that carry the main collision risk in the Pelagos Sanctuary (Jacob et al., 2016). The
NME indicator has increased during the last decade by 40% and 70% for passengers and cargo
vessels respectively (Fig. 6.3), following the increase of the traffic (about 50% increase of the
cumulative travelled distance for cargo from 2010 to 2018).

Figure 6.3: Evolution of the Near Miss Event (NME) indicator for summer 2010, 2014 and 2018 for both fin and
sperm whales.

6.2. Evaluation of the current regulation under the French law
6.2.1. Context
France started to regulate ship strikes in the French part of the Pelagos Sanctuary. The French
regulation was published as part of the biodiversity law Article 106 that established the principle of an
obligation to equip ships of more than 24 metres long and flying the French flag with a cetacean
position-sharing system (REPCET) in the Pelagos Sanctuary. This decree applies to both government
(non-military) and merchant vessels, as well as passenger ships. However, vessels which have made
less than ten voyages during the previous calendar year in the areas concerned are exempt.
The REPCET database contains the list of vessels equipped with REPCET, and the date and time of
observations of cetaceans reported through REPCET during 2018. There are 37 vessels equipped
with REPCET, mainly French flag vessels, with four Italian flag vessels (Fig. 6.4a). Almost half of the
vessels equipped with REPCET are passenger vessels (Fig. 6.4b). One vessel has been discarded for
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the analysis because it could not be identified in the AIS database.

Figure 6.4a. Number and nationality of vessels equipped
with REPCET in 2018.

Figure 6.4b. Number and type of vessels equipped with
REPCET in 2018.

6.2.2. Methodology for assessing the regulation in force
The proposed method to evaluate the application and efficiency of this regulation is based on the
methodology used in the study conducted by Quiet-Oceans in 2015 on estimating the cost of
implementing collision risk reduction measures (Folegot et al., 2015; Jacob et al., 2016) but
augmented by the comparison with the sighting data from the REPCET database (Fig. 6.5). Since a
majority of vessels equipped with REPCET are ferries, most sightings reported in the database are
along the ferry routes between France, Italy and Corsica. The data used cover the period from June
15th to August 31st 2018, the most recent summer period that has the following characteristics:
●
●

period of the year for which the risk of collision is greatest;
period of the year for which visibility is optimal, and consequently the probabilities of detection
of large cetaceans.

The effectiveness of REPCET is based on the analysis of a) the detection rate of the crew, b) the
effective sharing of the positions of large cetaceans, and c) the avoidance manoeuvres implemented
or not by the ships entering the reported risk zones. In order to evaluate the efficiency of the detection
made by the crew, real detection rates are compared with theoretical rates obtained using the model
proposed by Folegot et al. (2015) and Jacob et al. (2016). Individual trajectories of equipped vessels
have been calculated to assess the manoeuvres in the risk areas (change of route or reduction of
speed).
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Figure 6.5. Number of sightings reported in and near the Pelagos Sanctuary through the REPCET system in
2018.

6.2.3. Results of the assessment
A total of 36 vessels are currently equipped with REPCET. For the study, we filtered out the vessels
that did not navigate during daylight and the vessels that did not navigate in the Sanctuary Pelagos,
since the system is also mandatory in the AGOA Sanctuary (Guadeloupe), for instance. Out of these
36 vessels, 21 vessels have sailed in the Pelagos Sanctuary a cumulative distance of about 130,000
km for a cumulative duration of 800 days during daylight between the 15th of June and 31st of August
2018. 67% of these 21 vessels are passenger vessels and 18% are commercial vessels. However, in
terms of distance travelled during daylight in the Pelagos Sanctuary, passenger ships alone account
for 91% of the observation effort with a cumulative total of nearly 120,000 km.
Three vessels are equipped with REPCET although they are not compliant with the minimum legal
requirements. Whale watching vessels being exempted, this leads to one vessel that was not
equipped, although they should have been according to their categories and number of days sailing in
the Pelagos Sanctuary in 2018.
Over the same period, the overall modelled number of potential observations of whales for these 21
vessels was expected to be about 1,273 fin whale and 94 sperm whale sightings. This estimated
number is based on the model developed in a previous study (Jacob et al., 2016) that uses the real
trajectories of the 21 vessels and the fin and sperm whale distributions to estimate the number of
sightings. The model has been calibrated with real observations made on board ferries between
France and Corsica using dedicated cetacean observers. We have compared the real sightings
reported in REPCET and the output of the model. The number of individuals observed and reported in
REPCET for the same period was 494 fin whales and 25 sperm whales, which gives an overall
performance of 39% and 26% respectively, compared to modelled estimates of sightings (Fig. 6.6).
Acknowledging that the sailors on board ferries and cargo are not professional observers, that they
probably observe mainly toward the bow of the vessel, and probably not continuously, these
observation rates are rather good (Fig. 6.7). Six vessels reported no observations, although the model
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predicted a total of 68 fin whale and seven sperm whales’ sightings along their routes. These sightings
of individuals have generated 317 and 16 risk areas in REPCET for fin and sperm whales respectively.
The model predicts that about 90% of fin whale sightings shall be made by passenger vessels, which
is consistent with the number of sightings reported in REPCET.
The risk zones shared by the REPCET system have been crossed 132 times during the same period,
128 were for fin whale risk areas and four were for sperm whale risk areas. These risk zones were
crossed 52 times (39%) by a vessel that was equipped with REPCET. It means that more than 60% of
the time, a vessel is crossing a risk area reported by REPCET without being informed of the risk of
strike. Among these 132 crossings of the risk zones, 23 were by French ships, and 79 by Italian ships,
30 were by ships flying other flags.
The analysis of the manoeuvres of vessels entering risk areas has been deliberately restricted to the
vessels equipped with REPCET which were supposed to be aware of the presence of species in the
vicinity of their route and of the risk of strike. The calculation of the vessel trajectories has enabled to
trace the vessel speed and behaviour before, during and after crossing the risk area. Vessels
equipped with REPCET having crossed a risk zone at a speed greater than 12 knots did not change
their speed in 100% of the cases that could be analysed (Fig. 6.9).

Figure 6.6. Comparison of the modelled number of
observations of fin whales (blue) and the number of
observations reported in REPCET (red) in the Pelagos
Sanctuary between the 15th June and the 31st August
2018.

Figure 6.7. Comparison of the number of expected and
effective number of fin whales’ observations along the routes
of the vessels equipped with REPCET.

49

Figure 6.8. Number of times a vessel has crossed a risk
zone highlighted by REPCET for sperm (blue) and fin
whales (red) and according to the vessel's flag between
June 15th and August 31st, 2018

Figure 6.9. List of vessels equipped with REPCET having
crossed a risk area between the 15th June and the 31st August
2018, and in red, number of times this crossing was made
without slowing down at a speed greater than or equal to 12
knots. In grey, the crossings for which the AIS data were
interrupted and have not made it possible to conclude

6.3. Efficiency of REPCET as a mitigation measure
6.3.1. Problem statement
The REPCET system is a cooperative mitigation measure based on sharing real-time sightings of
cetaceans. Each sighting reported by a vessel is immediately shared with the other vessels carrying
REPCET informing them about the presence of fin whales (Bp) and sperm whales (Pm) potentially
located along their route and the risk of collision.
The principle of the REPCET system is therefore based on three pillars:
●

the number of sightings reported to the system;

●

the number of vessels crossing risk areas as broadcasted by the system during the lifespan of
the risk area (235 minutes);

●

the involvement of the crew in observing and reporting the sightings in REPCET.

The ephemeral nature of the risk zones created based on the sightings strongly implies a cooccurrence between the sighting and the crossing of the risk area for the system to be efficient.
Indeed, the REPCET system informs vessels of the presence of areas of proven risk during a given
period of time. The sequence for creating a risk zone starts from a reported sighting of a specimen or
a group of individuals and develops as follows (Couvat et al. 2014): a first circle centred on the
position of the sighting opens and expend at a given speed to reach a maximum radius after a given
duration that depends on the species (Fig. 6.10). A second circle (the inner circle) opens at another
expending speed, the risk zone being between the two circles. The risk zone becomes obsolete when
the two circles merge together after 235 minutes, but the observation point remains visible for 24
hours. The efficiency of REPCET is therefore quantified by the number of vessels that might cross the
circles during the lifespan of the risk area. This is intrinsically depending on the structure of the
shipping in time and in space.
6.3.2. Method
The AIS data enabled us to quantify the probability of this co-occurrence based on the characteristics
of the traffic in the Sanctuary. A model based on the AIS data has been developed to calculate the
probability of vessel trajectories passing at close distance in a time window of 235 minutes.
We decided to estimate this probability based on the maximum surface of the risk area, which
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corresponded to a radius of 4,630 m and during the 235 minutes of existence of the risk area. To
simplify the calculations, this circle area has been approximated to a squared cell of 11x11km. We
acknowledge that this simplification may marginally overestimate the probability. The probability of
𝐶𝑒𝑙𝑙
having at least two vessels present in the same area cell in the same time slot 𝑃𝑁≥2
is calculated as
the ratio between the number of times where at least two vessels are present in the same cell 𝑥𝑖(𝑁≥2)
among all the time slots 𝑛𝑡 of the period, normalized by the total number of time slots considered:
𝑛𝑡

𝐶𝑒𝑙𝑙
𝑃𝑁≥2

1
= (∑ 𝑥𝑖(𝑁≥2) )
𝑛𝑡
𝑖

The number of risk areas created based on sightings made by one vessel and crossed by another
𝑆𝑝𝑒𝑐𝑖𝑒𝑠
vessel 𝑅𝑅𝑖𝑠𝑘 𝐴𝑟𝑒𝑎 𝐶𝑟𝑜𝑠𝑠𝑖𝑛𝑔 is derived from the probability of having at least two vessels crossing the same
𝑆𝑝𝑒𝑐𝑖𝑒𝑠

area in the lifespan of the risk area and the estimate of the number of possible sightings 𝑁𝑂𝑏𝑠
6.10) as previously estimated in Folegot et al. (2015) for each species (Bp and Pm).
𝑆𝑝𝑒𝑐𝑖𝑒𝑠

(Fig.

𝑆𝑝𝑒𝑐𝑖𝑒𝑠

𝐶𝑒𝑙𝑙
𝑅𝑅𝑖𝑠𝑘 𝐴𝑟𝑒𝑎 𝐶𝑟𝑜𝑠𝑠𝑖𝑛𝑔 = 𝑃𝑁≥2
. 𝑁𝑂𝑏𝑠

𝑆𝑝𝑒𝑐𝑖𝑒𝑠

The number of strikes possibly avoided by the use of REPCET 𝑅𝑁𝑒𝑎𝑟 𝑀𝑖𝑠𝑠 𝐸𝑣𝑒𝑛𝑡 is also derived from the
probability of having at least two vessels crossing the same area in the time period but combined with
𝑆𝑝𝑒𝑐𝑖𝑒𝑠
the number of near miss events indicator 𝑁𝑁𝑀𝐸 (Figure 6.11) as previously calculated in Folegot et
al. (2015).
𝑆𝑝𝑒𝑐𝑖𝑒𝑠

𝑆𝑝𝑒𝑐𝑖𝑒𝑠

𝐶𝑒𝑙𝑙
𝑅𝑁𝑒𝑎𝑟 𝑀𝑖𝑠𝑠 𝐸𝑣𝑒𝑛𝑡 = 𝑃𝑁≥2
. 𝑁𝑁𝑀𝐸

Figure 6.10. Principle and lifespan of the risk area in REPCET.
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Figure 6.11. Number of observations and Near Miss Events for fin and sperm whales estimated from June 1 st to August 31st 2018.

6.3.3. Results
Figure 6.12 shows the probability for two vessels to cross their trajectories in a 11x11 km cell within
235 minutes from the 15th of June to the 31st of August 2018. It illustrates the structure of the traffic in
the Sanctuary in terms of crossing rather than in terms of navigation. The north of the Sanctuary has a
traffic structure leading to crossing occurring half of the time. This may be explained by the larger
number of harbours along the Italian coast which creates a more diffuse distribution of trajectories, and
the traffic along the Italian and French coast between Genova and Port-Cros Islands that cross the
traffic that exits the harbours to mainly join Corsica.
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Figure 6.12. Percentage of time when two vessels meet in the same 11x11km cell within 235 minutes from
June 15th to August 31st 2018. This map is based on the entire fleet.

Although the calculation of the efficiency of REPCET is done spatially for each cells, Table 6.2 reports
𝑆𝑝𝑒𝑐𝑖𝑒𝑠
𝑆𝑝𝑒𝑐𝑖𝑒𝑠
the results of the calculation of 𝑅𝑅𝑖𝑠𝑘 𝐴𝑟𝑒𝑎 𝐶𝑟𝑜𝑠𝑠𝑖𝑛𝑔 and 𝑅𝑁𝑒𝑎𝑟 𝑀𝑖𝑠𝑠 𝐸𝑣𝑒𝑛𝑡 summed across all cells in the
whole Sanctuary for the period June 15st to August 31st 2018. Three cases have been studied by
assuming three levels of implementation of the REPCET strategy:
●

the first level groups the 21 vessels that were equipped with REPCET in 2018 either to comply
with the French law or voluntarily. It describes the actual efficiency of REPCET implementation
as per 2018;

●

the second level of group assumes that all cargo, passengers and tankers are equipped;

●

the third level considers all vessels navigating in the Pelagos Sanctuary, in order to evaluate
the maximum efficiency achievable in the area with the REPCET strategy, if all vessels
navigating in the Sanctuary would be equipped.

The model predicts that the risk areas would be crossed 38 times by other vessels when 52 crossing
were determined by comparing REPCET and the AIS data on the 21 vessels equipped.
The Near Miss Event indicator calculated for the same period for all vessels estimates 370 near miss
events for the entire fleet of vessels navigating in the Sanctuary during daylight. The efficiency of the
REPCET strategy is calculated using this number as reference. The results show that, because the
number of vessels equipped in 2018 was limited to 21 vessels, the number of crossing is also limited,
leading to a small number of Near Miss Events avoided and an efficiency below 1%. By equipping all
cargo, tanker and passenger vessels, this efficiency would raise to 10%. The results demonstrate that
the efficiency of the REPCET strategy is intimately linked with the number of vessels equipped.
Equipping all cargo, passengers and ferries would improve by 15% the efficiency, and equipping all
vessels would improve by 35% the efficiency of the system. However, the maximum efficiency that can
be achieved by equipping all vessels in the Pelagos Sanctuary would raise the efficiency up to 19% for
both species together.
The efficiency of REPCET reported in Table 6.2 is likely to be underestimated since the assumptions
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taken rely on REPCET risk area being cells of 0.1°x0.1° which is larger than the effective REPCET
risk area shared among the fleet.
This result emphasizes the fact that the REPCET strategy based on sharing observations needs to be
fed with as many observations as possible. Equipping all vessels with REPCET would improve the
mitigation of ship strike, but would be far below the optimum efficiency.
In order to improve the efficiency, the REPCET system shall be fed with a maximum of positions of
large cetaceans independently from the structure of the traffic in the Sanctuary. These positions
should be shared in real-time through REPCET to only the vessels at risk, e.g. passenger and cargo
vessels (the vessels with a large ITDW indicator). This would maximize the efficiency of the mitigation
and limit the sensitivity of the performances toward the level of implication from the crew. One solution
envisioned and recommended at this stage would be to use any technology that would enable to
detect and localize large whales and report their positions in real-time to REPCET. Passive acoustic is
likely to be the most promising one to address this issue.

Table 6.2. Summary of the assessment of the efficiency of the REPCET strategy for various mitigation
assumptions.

Mitigation
level
based on
REPCET

Number
of vessels
equipped

Cumulativ
e travelled
distance
(km)

Number of times a
risk area is crossed
by another vessel
equipped with
REPCET

Modelled number of Near
Miss Events possibly
avoided by the use of
REPCET
𝑆𝑝𝑒𝑐𝑖𝑒𝑠

𝑅𝑁𝑒𝑎𝑟 𝑀𝑖𝑠𝑠 𝐸𝑣𝑒𝑛𝑡

𝑆𝑝𝑒𝑐𝑖𝑒𝑠

𝑅𝑅𝑖𝑠𝑘 𝐴𝑟𝑒𝑎 𝐶𝑟𝑜𝑠𝑠𝑖𝑛𝑔

Real

Modelled

Fin
whales

Efficiency

Sper
m
whale
s

Total

Actual
equipped
vessels

21

131 375

52

38

1

1

2

<1%

Ferries,
Cargo, and
Tankers
equipped

1 301

1 794 768

NA

3 040

28

9

37

10%

All vessels
equipped

5 831

3 184 434

NA

13 326

52

20

72

19%
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7. Concluding summaries
Update of collision risk assessment on large species (i.e. fin and sperm whales) within
the Pelagos Sanctuary, based on strandings and observations of free-ranging live
injured whales
The analysis of both strandings and sightings confirmed the risk assessed for these species in
previous studies. Fin whales had the highest number of reported collisions, confirming that this
species is the most vulnerable to ship strike events.
The highest number of collisions in stranded fin whale individuals is reported in summer, consistent
with the increase of ferries and passenger ships that typically occurs in the area in the summer
months, and with the species higher encounter rates in their summer feeding area. Although the
analysis did not reveal any significant trend, fin whale stranding data may suggest a decrease in ship
strikes reported events in the period 2010 -2018.
On the other hand, only three collision events are reported for sperm whales for the stranding data
series (1972-2018) with no collision reported for the species prior than 2000. Such a low number of
reported collisions may be attributed to the small population size of this species or to the lower
probability to report a sperm whale stranding record, due to the dominant current flowing westward,
tangential to the coastline which may cause the sperm whale carcasses to drift away from the areas of
interest.
Photographic records of free-ranging individuals identified a much higher number of injured individuals
for both species than the number of stranding records. Particularly, injured sperm whales were about
15-18% of the total number of sperm whales identified from photographs with this proportion remaining
quite constant during the whole study period. On the other hand, the proportion of injured fin whales
varied a lot during the study period, peaking at more than 20% in the period 1997-2003 and
decreasing to less than 10% in 2010-2019. These results suggest that for sperm whales, the collision
risk is much higher than would be inferred from stranding data. Further studies would be needed to
assess to what extent collisions affect the sperm whale mortality rate.
Moreover, the analysis highlighted significant differences in the depth zone where injured and noninjured whales have been observed, for both sperm and fin whale. Particularly, injured sperm whales
were mostly observed in deeper waters (~1700 m) than non-injured whales, and at an average
distance of approximately 10 nautical miles from the coast. On the contrary, injured fin whale
occurrence was found associated with a wider range of depth (between 2200- 2400 m), in waters
relatively shallower than the non-injured individuals. The locations of observed injured whales of both
species appear to be associated with high traffic density areas due to the presence of different
shipping lanes.
Injured sperm whales appear to be associated, more than the fin whales, with the main cargo route,
that travels parallel to the Italian and French coastlines. Injured fin whales appear instead to be more
associated with main passenger ship routes that cross the basin, covering a wider latitudinal range,
intersecting with the pelagic waters.

Examine fin whale distribution patterns in relation to predictive models using satellite
imagery
Optical satellite imagery was used to detect whales in order to compare whale distribution with
predictive models based on habitat variables. The aim was to evaluate the potential of habitat models
to predict whale distribution patterns at spatial and temporal scales that could be used for small-scale
routeing or localised speed reduction measures to reduce ship strike risk. Satellite images suitable for
whale detection were captured by the Very High Resolution optical satellites WorldView2 and
WorldView3 over an area of 25,508 km2 during August 2018. The detection probability of whales from
satellite imagery is highly sensitive to sea state. Although it is not possible to exactly estimate the
Beaufort sea-state in the satellite imagery without on-the-ground comparison, we estimate that the
images analysed were all collected in sea states of Beaufort 1 or 2.
Predictive habitat models were updated daily and derived from the simultaneous occurrence of large
oceanic fronts of satellite-derived sea-surface chlorophyll content and sea surface temperature. A total
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of 38 whale detections were compared with the predicted habitat at the time of detection. The density
of whales detected from the satellite imagery was 0.0015 whales km-2. This is a considerable under
estimate of actual density because whales diving more than a few metres below the surface would not
be detected, but does represent the density of whales close to the surface that may be vulnerable to
ship strikes.
There were no significant differences between the habitat scores at locations where whales were
detected compared to the overall area either for the simultaneous comparison or with a temporal lag.
Thus, at the spatial scales investigated it was not possible to use the habitat models to predict likely
whale locations. The results indicated comparable densities and distribution patterns of fin whales to
previous surveys with no obvious concentrations. During the survey period, the habitat values across
the Pelagos were complex and changed quite rapidly, making predicting whale locations difficult
particularly if there was a time delay between suitable habitat appearing and a whale finding it.

Create a collision network involving the main shipping companies at the Pelagos
Sanctuary scale
The involvement of maritime professionals represents a real strong point in assessing the risk of
collision, and should, therefore, be encouraged and valued.
Since a first phase initiated in 2010, the Collision Network was implemented. This updated and
extended network aims to federate shipping companies and port authorities around the issue of
collision between whales and ships in the Pelagos Sanctuary.
The objective of this network is to promote the transmission of sensitive information concerning actual
or avoided ship strikes from shipping companies and port authorities towards the scientific community.
Within the framework of the project, the aim was to enable the collection of new reports of collisions
(past or recent) to update the IWC database and contribute to the re-evaluation of risk. In the long
term, this involvement should contribute to improving our knowledge of the collision problem. On the
other hand, the members of this network should get involved in collaborative work related to collisions.
The first step of the task was to update the Collision Network already existing in the French
Mediterranean Sea, and the second step was to initiate an implementation in the Principality of
Monaco and in Italy in the Pelagos area. Twenty shipping companies and nine port authorities in
France were therefore contacted. No structures meeting the criteria were identified in Monaco and
seven were identified in Italy. For more legitimacy, and in order to avoid several solicitations
simultaneously on a common theme, a collaboration with Italian partners (CIMA Foundation and
MedPo) was established. Companies will be approached in the coming months by these partners in
the framework of projects on collisions and navigation safety. On this occasion, the Collision Network
will be presented to them.
In addition, the information and documents of the Collision Network have been made available on
different websites to make them accessible to a larger number of people.
In France, two partnership agreements have been obtained. It is a low rate of membership compared
to the number of structures contacted but the distribution of the various documents and the numerous
reminders of membership have undoubtedly contributed to raise awareness among shipping
professionals.

Quantitative evaluation of mitigation strategies
The collision risk can be estimated by cross correlating shipping data and cetacean distribution data.
We calculated two indicators to assess the collision risk: the Injury Weighted Travelled Distance
(IWTD) indicator that is only weighting the risk of collision of vessels according to their distance
travelled and their cruise speed, and the number of Near Miss Events that is estimated via a
probabilistic quantification of the number of individuals of a given species that a vessel can encounter
in front of its bow. Both indicators pointed the ferries as the category bearing the more risks. The NME
indicator has increased during the last decade by 40% and 70% for passengers and cargo vessels
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respectively, following the increase of the traffic (about 50% increase of the cumulative travelled
distance for cargo from 2010 to 2018).
France started to regulate ship strikes in the French part of the Pelagos Sanctuary in 2018 with having
a cetacean position sharing system compulsory for all French flagged vessels more than 24 meters
travelling more than 10 times per year in Pelagos.
There are 36 vessels equipped with REPCET, mainly French flag vessels, with four Italian flag vessel.
Almost half of the vessels equipped with REPCET are passenger vessels but only 21 have travelled
by day in Pelagos and have been used for analysis. They travelled a cumulative distance of about
130,000 km for a cumulative duration of 800 days during daylight between the 15 th of June and 31st of
August 2018. 67% of these 21 vessels are passenger vessels and 18% are commercial vessels.
However, in terms of distance travelled during daylight in the Pelagos Sanctuary, passenger ships
alone account for 91% of the observation effort with a cumulative total of nearly 120,000 km.
The effectiveness of REPCET is based on the analysis of a) the detection rate of the crew, b) the
effective sharing of the positions of large cetaceans, and c) the avoidance maneuvers implemented or
not by the ships entering the reported risk zones.
The detection rate of the crews was 39% in average, ranging from 90% to 0%. These detections
generated 333 risk areas for both species.
The risk zones shared by the REPCET system have been crossed 132 times during the same period,
52 times (39%) by a vessel that was equipped with REPCET and the rest by unequipped vessels and
therefore unaware of the presence of cetaceans.
The analysis of AIS did not detected any maneuvers or speed reduction for these 132 occurrences of
risk areas crossing.
The REPCET system is a cooperative mitigation measure based on sharing real-time sightings of
cetaceans. Its efficiency is therefore controlled by the number of vessels that might cross the risk
areas issued by a previous vessel during its lifespan (235 minutes and a max diameter of 4630 m).
This is intrinsically depending on the structure of the shipping in time and in space.
The results show that, because the number of vessels equipped in 2018 was limited to 21 vessels, the
number of crossing is also limited, leading to a small number of Near Miss Events avoided and an
efficiency below 1%.
Equipping all cargo, passengers and ferries would improve by 15% the efficiency, and equipping all
vessels would improve by 35% the efficiency of the system.
However, due to the structure inherent of the maritime traffic, the maximum efficiency that can be
achieved by equipping all vessels in the Pelagos Sanctuary cannot be more than 19% of NME
avoided for both species. This result emphasizes the fact that the REPCET strategy based on sharing
observations needs to be fed with as many observations as possible. In order to improve the
efficiency, the REPCET system shall be fed with a maximum of positions of large cetaceans
independently from the structure of the traffic in the Sanctuary.
One solution envisioned and recommended at this stage would be to use any technology that would
enable to detect and localize large whales and report their positions in real-time to REPCET. Passive
acoustic is likely to be the most promising one to address this issue.
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8. Recommendations for options to reduce risk
This study aimed to investigate several possible options to reduce ship strike risks in relation to the
specific situation in the Pelagos Sanctuary. This included consideration of the measures listed in the
IMO guidance (MEPC.1/Circ.674) and evaluations by ACCOBAMS and the IWC through its Scientific
Committee and Ship Strikes Working Group (see IWC/63/CC8. Report of the Joint IWC-ACCOBAMS
Workshop on Reducing Risk of Collisions between Vessels and Cetaceans and IWC/65/CCRep01
Report of the Joint IWC SPAW Workshop to Address Collisions Between Marine Mammals and Ships
with a Focus on the Wider Caribbean). In particular we focus on follow up to the joint IWCACCOBAMS Workshop on Reducing Risk of Collisions between Vessels and Cetaceans which was
held in September 2010.
Since the IMO adopted its guidance in 2009, the IWC has considered a number of measures but in
2016 reiterated its conclusion that the only proven, effective mitigation measures are: 1) to avoid areas
with known concentrations of whales and, 2) reduce speed while transiting those areas (MEPC
69/10/3). Where routing is not possible either from a navigational perspective or because whale
distribution is not consistent and predictable, then speed restrictions alone are also an effective
measure.
Fin whales in the Pelagos area are known to have high variability in the distribution patterns which
largely preclude fixed routing systems to reduce risk such as Traffic Separation Schemes or Areas to
Be Avoided. Sperm whale distribution may be more predictable because they generally tend to be
more closely tied to benthic features, but any routing measures need to address risk for both species.
Short-term, dynamic measures have been implemented off the east coast of the US to reduce risks to
North Atlantic right whales. These are voluntary areas which mariners are encouraged to avoid or
reduce speeds to 10 knots or less while transiting. There has generally been rather low compliance
with these voluntary measures in contrast to the TSS and ATBA implemented through IMO.
In this study we have investigated the possibilities for routeing measures based on predictive models
of fin whale distribution from satellite data. The predictive models examined can be updated on a daily
basis but unfortunately were not able to indicate high density areas of fin whales at a temporal and
spatial scale that would facilitate small changes in routeing to reduce ship strike risk.
The IWC Scientific Committee has developed a summary table of ship strike mitigation measures and
based on the results of this study have evaluated how these might be applied in the Pelagos
Sanctuary. This is given as Table 8.1.

Table 8.1 Evaluation of potential application in the Pelagos area of ship strike mitigation measures identified by
IWC Scientific Committee (IWC, 2016).

Measure

Situation to which it
might be applied

Potential for application in Pelagos area and
actions that may be taken

Keeping vessels away from whales
Permanent
routing
measures
through TSS,
ATBA or port
approach routes

Long-term patterns of
whale distribution are
sufficiently predictable
and well understood to
enable a robust analysis
of the risk reduction that
might be achieved.

Fin whale distribution is widespread and varies inter
and intra-annually. This means it is not possible to
establish permanent routing measures to reduce
risks to fin whales.
Sperm whales are more closely associated with
permanent bathymetric features and there may be
options to reduce risk through routing commercial
traffic transiting parallel to depth contours further
offshore away from steep slopes, but this may
increase risk to fin whales and so it is not a viable
option.
TSS might be an option as a way to minimize the
size of areas equipped with passive acoustic real
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time location systems for ship warning and cetacean
avoidance. But prior to any implementation it has to
be proven that such high density traffic lines are not
acting as uncrossable barriers with an adverse
habitat fragmentation effect.
Seasonal
routing
measures

Similar requirements to
permanent routing but
applicable where there
are strong seasonal
patterns in whale
distribution

Although there are seasonal patterns in fin whale
abundance within Pelagos, the same problems with
variable distribution would affect seasonal routing as
with permanent measures.

Recommended
(voluntary)
routes

Similar requirements to (see above)
permanent
routing
through TSS or ABTA but
not mandatory

Short-term
(days – weeks)
and Dynamic
routing
measures

Implemented in response
to short- term
observations of whale
aggregations or known
high risk areas. Need
almost real-time
reporting systems that
can identify such
aggregations

One objective of this study was to investigate the
potential to use predictive models of fin whale
distribution produced on a daily basis from satellite
derived oceanographic data to allow dynamic routing
of shipping to reduce risk. Unfortunately, the
comparison of observed whale locations and
predictive models did not indicate that the models
we evaluated would provide information at suitable
spatial and temporal resolution for dynamic routeing.

Slowing vessels down
Permanent
speed restriction
zones

Long-term patterns of
whale distribution are
predictable and well
understood but routing
measures are not
practicable.

In the absence of routing options, reducing speed
has been identified as the most effective way of
reducing ship strike risk. The widespread distribution
of fin whales within the Pelagos area does not
suggest any obvious zones where speed reduction
measures would be most effective. Hence reduced
speeds throughout the area would be required to
reduce risk to fin whales. There may be more scope
for localised speed restrictions to reduce risks to
sperm whales, particularly off the coast in the NW of
the Sanctuary.
Given that the average speed of the cargo category
in Pelagos has slightly decreased from 13.6 Knots in
2010 to 12.7 in 2018, the gap with the “safe” speed
of 10 knots might be more economically acceptable
for this category than for Ferries. The ongoing
proposals from some countries for a global decrease
of ship speed to lower carbon emission may also
push for such a trend. Therefore, it can be imagined
a global speed reduction up to 10 knots for cargos in
Pelagos, with TSS on specific lines where higher
speeds would be allowed thanks to passive acoustic
real time location systems for ship warning and
cetacean avoidance.

59

Seasonal speed
restriction zones

As above but applicable
where there are strong
seasonal patterns in
distribution

There is evidence for seasonal patterns of fin whale
distribution within the Pelagos area and also for
seasonal patterns in ship strike rates with higher
risks in summer. Thus, speed restrictions would be
most effective during the summer which is also a
period of increased ship traffic including ferries with
higher than average speeds.

Dynamic
Management
Areas for speed
restrictions

Implemented in response
to short- term
observations of whale
aggregations or known
high risk areas. Need
reporting systems that
can identify such
aggregations

The approach of using predictive models for routing
could also be used for dynamic management of
vessel speed. However, as noted above this was not
possible with the current models and data.

Avoidance manoeuvres
Real-time
alerting tools to
warn vessels of
the presence of
whales or
aggregations
that allow
vessels to alter
course or slow
down

A rapid reporting network
of whale sightings or
acoustic detections alerts
all vessels transiting an
area to the locations of
whales so that they can
alter course or slow
down

This project investigated the effectiveness of the
REPCET system for exchanging information
between vessels that could allow small course
changes or short-term speed reduction in response
to real time reports of whales. The current situation
was evaluated and found to only have an estimated
efficiency of 1% in terms of allowing vessels to avoid
locations close to where a whale was reported within
a certain time period. If all vessels in the Pelagos
area were equipped and using the REPCET system
then this would rise to an estimated 19% which
would represent the maximum risk reduction that
would be expected to be achieved assuming that all
the assumptions regarding whale movements and
aggregation behavior are met.
REPCET is limited by two factors: human
observations that depend on crew’s skills and
motivations and prevent night functioning, and the
condition of having two vessels following each other
in the same area for a short period of time. Feeding
REPCET with automatic real time positions of
cetaceans would eliminate both limits.

Observations
from the vessel
that allow
avoiding action
to be taken

Only effective for vessels
capable of rapid
manoeuvers to avoid
whale sightings (e.g.
vessels of a few
thousand GT or less)

This applies to only a limited proportion of the
vessels within the Sanctuary that are manoeuvrable
enough to avoid a whale. But reports of whale
sightings from such smaller vessels would also
enhance the efficiency of the REPCET system.

In conclusion, the problem of collisions between cetaceans and boats is particularly complex, and it is
reasonable to admit that, at the moment or in the near future, it will not be possible to reduce the
probability of collision between boats and large whales to zero. In fact, existing technology does not
allow the problem to be eradicated, also because no single technology can be adapted to all
situations.
Many different solutions have been proposed to reduce the risk of collisions, ranging from instruments
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mounted onboard ships to detect whales (e.g., sonar, or night vision devices), to acoustic alerting
devices to warn whales of approaching boats (Nowacek et al., 2004), bottom-anchored passive sonar
systems designed to detect whales locations, and specially trained observers onboard ferries. None of
these solutions alone will provide a complete solution to avoid ship strikes. Some proposed solutions
have undesired side-effects (such as introducing additional underwater noise pollution) or are only
effective in particular situations (e.g., during day-time, during specific weather conditions, only when
the whales vocalize, only at short distances or within certain angles from the ship’s bow). Particularly,
acoustic alerting devices may not be the most appropriate solution, since in high density shipping
areas the noise present may disturb or block the animals’ acoustic perception in regard to approaching
vessels, or their timely alertness of warning signals emitted from a ship. Moreover, the frequency of a
warning signal may benefit one species, while another - with a different auditory threshold - may suffer
from the effects of the signal itself. Behavioural responses to acoustic alerting devices may also not
reduce risk if the whales’ response is to come to the surface (Nowacek et al., 2004).
It appears likely that a suite of measures that each contributes to a reduction in risk will offer the best
approach to minimizing the number of collisions between whales and vessels in the Pelagos
Sanctuary and the broad Mediterranean.
The only management measures currently taken in the Mediterranean Sea are the Notice to Mariners
to protect cetaceans from the risk of ship collisions in the Strait of Gibraltar and the new location for
the “Cabo de Gata” Traffic Separation Scheme. In the waters off the Natural Park of Cabo de Gata –
Nijar (an extremely valuable and sensitive coastal habitat and one of the most important Special Areas
of Conservation for the bottlenose dolphin (Tursiops truncatus) and the loggerhead turtle (Caretta
caretta) within the framework of the European Union’s Habitat Directive), the Spanish Maritime
Authorities promoted, inside the IMO, the repositioning of the TSS of Cabo de Gata from 5 to 20
nautical miles off the coast. The new location, operating since the 1 st of December 2006, was
published in the Notice to Mariners and International Nautical Charts (Tejedor et al., 2008).
Reducing the overlap between whales and boats is probably the only safe way to reduce collisions,
but it is not a viable solution in many areas. The technologies applicable to reduce collision events are
limited almost exclusively to those that increase the possibility of automatic detection of large
cetaceans. The synergistic use of multiple technological solutions would increase the detection
possibilities both at a distance and near a ship, improving the possibility of providing warnings to
mariners in quasi-real time. However, the identification and transmission of information on the
presence of potentially endangered cetaceans represents only part of the equation: crews must have
the ability to verify the situation and manoeuver in adequate time to avoid a detected animal. The
response to information on the presence of cetaceans on the route can vary between pleasure and
commercial navigation, and some ships (large, or very fast) often require considerable time to avoid a
collision, by changing their route or reducing significantly their speed.
Technologies based on passive acoustic detection are becoming a useful tool for the study of the
presence and distribution of cetaceans, and the amount of data collected in proportion to the
investment cost makes this approach one of the most promising. However, this solution is limited by
being able to identify only acoustically active whales, and it is not always possible to determine the
specific position of each individual. Some sonar devices have proven effective in detecting large
cetaceans within a span of hundreds of meters from a boat; however, it is believed that this interval
can be extended with technological evolution. Depending on the systems used, the costs can be
relatively high and the results not optimal. However, we discourage the use of sonar systems in the
waters of the Pelagos Sanctuary, as this would result in an increase of noise pollution in these waters,
with potential detrimental effects for cetaceans.
Radar devices can be used both from a ship and from the coast, and have the great advantage of
operating even in bad weather conditions, but the 'false positives' represent a potential problem.
Infrared devices have proved particularly promising in detecting whale breath even at significant
distances, although in still experimental studies. Spatial models that use remote sensing
oceanographic features provide the means to predict where whales can concentrate, even over large
areas. In all cases, continuous research is necessary to confirm that the technologies developed and
used guarantee the reduction of the risk of collision, without however weighing on the environment
with further anthropogenic impacts.
The speed of the boats was the key factor for the frequency and severity of collisions with large
whales (Laist et al., 2001; Pace and Silber, 2007; Vanderlaan and Taggart, 2007; Van Waerebeek and
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Leaper, 2008; Conn and Silber, 2013). The solution to the problem therefore appears to be that of
imposing a speed limit in certain areas, which from the studies carried out have resulted in a high
probability of the presence of fin whales and/or sperm whales. These areas could obviously vary, or be
active, only in certain periods of the year. The maritime traffic data collected through the AIS system
presented in the previous section, once related to the presence of any critical habitats for the cetacean
species most exposed to the risk of collision with boats, such as the fin whale and the sperm whale,
will provide useful indications on the areas where to apply the different mitigation measures proposed.
It is obvious that solving or reducing the ship strike impact on large cetacean in Pelagos Sanctuary will
rely, all or part, on measures regulating maritime traffic. These measures will have to be applied by all
vessels equitably to be acceptable, making the appropriate legal framework - a PSSA - a crucial step
prior to any remediation and/or remediation measures.
The following are a series of mitigation recommendations which we believe would help reduce ship
strike risk and improve conservation status for fin and sperm whales in the Pelagos Sanctuary and in
the wider Mediterranean Sea.

Public awareness - Production and distribution of information material
The collection of information relating to accidents, fatal and otherwise, is of great importance, as it
allows to provide a clearer picture of the number of animals involved, type to boats, speed, areas
where collisions occur. On this regard, the IWC ship strike database is of paramount information, as it
collates all available information throughout the world (IWC, HIM paper). Dedicated and targeted
public awareness campaigns among the public are also important, as they facilitate a widespread
dissemination of the problem, through the distribution of information material.
One solution to improve the observation of strikes at sea could be to install remotely controlled
cameras at the bow of ships; ongoing projects in the Bay of Biscay are testing the use of video
cameras on ferries which could provide this kind of data including near miss events, but no results at
available at the moment.

Collaboration with Coast Guard and Port Authorities
National Coast Guards and Port Authorities are important players to support mitigation measures; for
example, by sharing database relating to ship traffic to facilitate preparation of risk maps for
cetaceans. This information, collected both through AIS signals and VTS radar, will provide precise
indications on ship traffic, which once interfaced with information relating to the presence of important
areas for cetaceans, will provide clear indications on places to avoid or where to reduce speed, in
order to limit the risk of collision.
'Motorways of the sea' and the project of the General Command of the Port Authorities to highlight any
corridors (TSS - Traffic Separation Scheme) where to concentrate ship traffic are also feasible options
and should be used more throughout the Mediterranean Sea. However, TSS might have detrimental
effects if the density of traffic in these areas make them uncrossable by cetacean, causing a habitat
fragmentation effect. TSS could also divert traffic to an area when other species are regularly present,
thus simply moving the ‘risk area’. Dedicated studies are strongly encouraged before suggesting any
of these measures.
National Coast Guards and Port Authorities can also be crucial partners to distribute public awareness
and information material, with the potential of reaching virtually all pleasure boats operating in a
specific area.
Holding training courses for the staff of National Coast Guards and Port Authorities would also be
crucial, as it would provide the necessary background information to deal with ship strike events.

Monitoring and research projects - Predictions with habitat modelling
Obtaining robust distribution data of the species both in winter and in summer, collected from different
platforms (plane, ship), to provide a more precise picture of the status of the populations and their
uses of the areas would be advisable.
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This information is necessary to suggest any possible deviation of the routes from areas with high
concentrations of animals to others with lesser presence, such as the TSS - Traffic Separation
Scheme - mentioned above; a measure that could be applied only at certain times of the year and/or
only to particular types of boats which are at higher risk of collision.
The results of our study suggest that current models do not provide sufficient information on which to
base routeing changes or localised speed restrictions. Thus, further work on modelling is needed to
support routeing measures.
In addition to the approach of estimates of risk based on injuries (section 3), studies in other areas
have investigated the likely rates of ship strikes based on whale and shipping densities. For example,
Priyadarshana et al. (2016) estimated the annual number of collisions with blue whales south of Sri
Lanka that would be expected if the whales took no avoiding action. Rockwood et al. (2017) used
assumptions about whale responses to vessels to extend this approach to generate estimates of the
total number of collisions of blue, humpback and fin whales off the US west coast. A similar approach
could be taken in the Pelagos area using the data from this study on satellite observations to estimate
the density of fin whales close to the surface and vulnerable to vessel strikes together with shipping
density and vessel speeds.

Training courses for shipping companies, naval academies
Often a few basic notions about the ecology and behaviour of fin whales and sperm whales would be
enough to avoid a collision. For example, understanding whether a fin whale is feeding or travelling is
crucial to predicting where and how far it will emerge. It would therefore be very important that expert
researchers could hold training courses for crews and boat captains.
The courses could be held directly at the Naval Academy or in the premises of the various shipping
companies.
If the accident cannot be avoided, it would still be relevant to raise awareness on the importance of
reporting the event. Unfortunately, to date only a part of the collisions is reported, sometimes because
the impact is not really felt but often because the report could lead to delays, costs or bad publicity to
the Shipping Company. On the contrary, reporting a collision would instead increase the awareness of
the Company and the willingness to collaborate with the experts to develop effective mitigation
strategies, and this positive message could be conveyed within its information/advertising material.
Localising a cetacean is only the first step to avoid it. Then the most effective manoeuver must be
implemented in due time. Some progress could be made in that direction including studies and training
to provide ships' crews the best options for effective avoidance.

Creating an ECOLABEL (WhaleSafe Certificate)
We suggest to further develop the concept of an ECOLABEL certified by the national authorities,
which acknowledges a commitment to address the collision problem by the shipping companies
through the approval and implementation of the proposed mitigation and awareness measures. The
shipping companies participating in the program would therefore receive the 'certification' of
ECOLABEL with consequent advantages for their communication strategies. The ECOLABEL could
be based on a scoring system which awarded points for different measures to reduce risk. For
example, a commitment to reduce speed, to report sightings and take action to avoid identified
concentrations of whales, or to employ dedicated whale observers, could all be given a score. Thanks
to a certification like this and adequate awareness campaigns, the consumer could reward the
companies that join the initiative, with potential benefits for the protection of cetaceans.

Establishment of a PSSA
The International Maritime Organization (IMO) is "the United Nations agency responsible for improving
maritime safety and preventing pollution from boats". Among the various IMO committees, the Marine
Environmental Protection Committee (MEPC) is the one designated to deal with the collision problem;
the topic was in fact added to the committee's agenda a few years ago.
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The designation of a Particularly Sensitive Sea Area (PSSA) in the Pelagos Sanctuary area would
facilitate developing and evaluating mitigation measures, such as speed restrictions and routing
measures, which could be proposed as part of Associated Protective Measures within the PSSA.

Presence of dedicated observers (MMOs) on board
The sighting of cetaceans by dedicated observers on board ships can integrate the other mitigation
measures proposed in four different ways:
1. spotting cetaceans on a collision course during navigation, enabling to take direct actions to
avoid the impact assuming the vessel is sufficiently small and manoeuverable to take
avoiding action;
2. contribute to long-term data sets to provide information on the distribution of cetaceans;
3. contribute to the collection of useful data to relate the presence and distribution of cetaceans
to certain environmental parameters, thus contributing to further development and validation
of predictive models;
4. provide short-term data that can be transmitted to vessels in the area, in order to reduce the
risk of collision from other vessels (see REPCET).

Real-time reporting systems
This study has demonstrated that the risk of collision is mainly caused by ferries that follow very
predictable routes at high speeds. Those vessels need to be informed of the presence of large whales
along their routes. The REPCET system is contributing to providing information, but it is nowadays
limited to a handful of French vessels. Although further education and information about how to
behave while crossing a collision risk area may help, the complete absence of change in behaviour
(speed reduction, re-routing) while transiting across a collision risk area in all observed cases
demonstrate the limits of a non-compulsory system, depending only on good willingness of companies
and crews. This is highlighting the need for a legal framework, such as a PSSA for instance, making
all appropriate remediation measures or equipment compulsory.
REPCET is drastically lacking for observation data of whales, accurate and non-crew dependent, that
would inform in real time the vessels at high collision risk. As mentioned previously, passive acoustic
is a very promising technology to fulfil this gap, although the size of the Pelagos Sanctuary would
commit Parties to large investments and large operating cost to maintain in operational conditions the
necessarily large network of equipment. Increasing the number of sightings in REPCET would largely
help to improve the existing system, but the large size of the Pelagos Sanctuary makes it particularly
challenging.
There might be a promising hybrid approach that would better suit both stakeholders and that would
need further development and demonstration: imposing a day and night global speed reduction
outside high speed authorized routes controlled by a permanent network of passive acoustic systems
able to localize most of the large whales along these corridors. The mandatory use of REPCET in
those corridors would ensure that the vessels can properly avoid collision with the large whales thanks
to an automatic feed from the passive acoustic network to the REPCET database and real-time
broadcasting. Any vessel would have the freedom to decide whether it is more appropriate to travel at
high speed, possibly along a longer route, or take the shorter route at reduced speed according to
their business model, the season, etc. Parties would have to equip and maintain a network of passive
acoustic devices on a much smaller area than the entire Pelagos Sanctuary.
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