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Background

With the ratification of the Regional plan of action 
for small-scale fisheries in the Mediterranean and 
the Black Sea signed in Malta on September 26, 
2018, the General Fisheries Commission for the 
Mediterranean (GFCM) and 18 Mediterranean and 
Black Sea countries have committed themselves 
to take actions aimed at ensuring the long-
term environmental, economic and social 
sustainability of small-scale fisheries.
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Three months later, experts and scientists from 
45 countries met up at the first Fish Forum at FAO 
headquarters, in Rome, to discuss the state of the 
art of fisheries, aware that human activities with 
an impact on marine living resources, such as 
fishing, require a concerted approach by riparian 
countries. In that occasion, beside fisheries effects, 
other interactions of vulnerable species with 
human activities, including pollution and depre-
dation effects, were identified as emerging issues 
requiring further studied. In particular, despite 
various trials, the scientific community has unan-
imously declared that no permanent solution has 
been found to solve the problem of the depreda-
tion of catches on the fishing gears made by ceta-
ceans (FAO, 2018).

Today, we count about 135 000 small-scale 
fishers operating in the Mediterranean, which 
is a semi-enclosed basin that plays an intrinsic 
role in the development of the different countries 
bordering its shores, but that just in the last four 
years has lost 5 000 small-scale fishing vessels 
of its fleet. Seafood products have traditionally 
been among the most important supplies traded 
in this region, as well as fish consumption has 
always been a basic part of coastal communities’ 
diet. Unfortunately, the overexploitation of 
marine living resources implemented in the last 
decades by industrial fleets has made the entire 
ecosystem more fragile, with consequences on 
the catches of the small-scale fisheries already 
affected by an anthropogenic pressure which 
can be able to jeopardize the livelihoods of the 
coastal communities of the region relying on these 
resources for a long time (FAO, 2016; FAO, 2018).
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Conscious of the environmental challenges, the 
Mediterranean countries are oriented to reduce 
the impacts of the interactions between fishing 
activities and threatened species, limiting over-
fishing and incidental catches in fishing gears (by-
catch). Also, in the framework of the Agreement 
on the Conservation of Cetaceans of the Black Sea, 
Mediterranean Sea and contiguous Atlantic area 
(ACCOBAMS), these countries are facing the exist-
ing conflicts between fishers and cetaceans that 
feed on commercially important marine species 
during fishing operations, causing damages to fish-
ers’ gears and exacerbating hostilities.

In order to assess the socio-economic and 
ecological impacts linked to the phenomenon of 
cetacean-fishery interaction in Mediterranean 
and to lay the foundations for suggesting new 
techniques capable of mitigating this problem, 
an international research project coordinated 
by the Low Impact Fishers of Europe platform 
(LIFE) was set up in 2019 in collaboration with 
the Asociación Herpetológica Española (AHE) 
in Andalusia, Spain; the Malta College of Arts, 
Science and Technology (MCAST) in Malta; and the 
MareCamp Onlus Association in Sicily, Italy, where 
also the “Floating Laboratories programme” 
was activated.  The project, entitled “Interaction 
between cetaceans and small-scale fisheries in 
the Mediterranean” and from here named “The 
project”, is supported by the MAVA Foundation 
which has a keen interest in protecting threatened, 
Endangered, and Sensitive Species (TES), and is 
seeking solutions through engaging with small-
scale fishers and promoting exchanges on best 
practices between them.
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This report firstly describes interaction cases be-
tween cetaceans and fisheries from the Mediter-
ranean and every ocean in the world, and existing 
strategies to mitigate this issue. An overview of the 
status of small-scale fisheries and of the presence of 
cetaceans in the Mediterranean follows. Bioacous-
tics basics are also mentioned. After an introduc-
tion on the study area, an accurate description of 
the Italian and the Sicilian fishing fleets will precede 
an in-depth on the métiers prevailing in the small-
scale fisheries fleet of North-Eastern Sicily.  Survey 
data collected during summer-autumn 2019 are 
analyzed with a multidisciplinary approach in order 
to show results at environmental and socio-eco-
nomic level, with reference to depredation and 
by-catch events involving cetaceans and others vul-
nerable species, fishing effort of small-scale fisher-
ies in the Gulf of Catania, and incidence factors and 
consequences of depredation. A specific ethogram 
referred to the “feeding in net” behavior applied by 
the bottlenose dolphin is also presented. Finally, 
the report ends with suggestions and conclusions 
linked to a follow up of the project.

The entire project aims to tap into the rich local 
and experiential knowledge of the fishers to 
document the extent and severity of interactions 
with cetaceans, to understand the intensity of 
the problem, and to propose solutions. Indeed, 
the study intends to shed light  on  the  problem  
of  the  cetacean – fishery   interaction  and  
encourage   better management of the dispute 
between conservation of wildlife and maintenance 
of fishing practices, suggesting the development 
of new mitigation strategies aimed at reducing the 
cost of the impact of dolphins on fishing, due to 
their opportunistic feeding behavior near fishing 

A focus on the Project related 
to the Sicilian area
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gears. To do this, an assessment of the level of 
attack by dolphins on fishing gears was made, 
identifying the repercussions of the losses on the 
financial and economic level. 

A time extension of the project points to achieve 
the specific goals to enhance the conservation of 
vulnerable species by mitigating their interactions 
with fisheries, including both incidental catches 
and depredation matters; to reduce losses suffered 
by fishers due to depredation; and to increase the 
awareness of national authorities, fishers and civil 
society on the issue.

Research activities here described refers to the 
studies conducted in Sicily in the framework of 
the “Floating Laboratories” initiative. In particular, 
the research was aimed at: demonstrating the 
existence of conflicts recognized as cetacean-
fisheries interaction in a sample area of ​​eastern 
Sicily; understand the dynamics of depredation 
on fishing gears through direct observation and 
documentation of the different ways of interacting; 
estimate the incidence of interaction events and 
the consequent economic damage for the fleet 
that practices small-scale coastal fishing, as well 
as the social and market repercussions; assess 
the status of the operational fleet in eastern Sicily 
and its fishing effort in a sample area; deepen the 
problem at the level of species for dolphins and of 
fishing gear for fishery; explore the occurrence of 
by-catches of vulnerable species.

The initiative follows LIFE’s core objectives based 
on collaboration between fishers and scientists 
in order to combine the local and experiential 
knowledge and data generated by the fishers with 
the data gathered by the scientists providing joint 
solutions to take into account also in decision-
making processes.
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The main questions that drive the research are

1.	 What is the effort of the small-scale fishing fleet and 
what does it fish in North-Eastern Sicily? 

2.	 Is the Catania fleet subjected to interaction with 
cetaceans? If yes, what kind? 
 
If so

1.	 Which species interact?

2.	 On what factors does the interaction depend 
(fishing gear, time or moon phase, weather 
conditions, Douglas sea state, type of bottom, 
depth of gear, target species, length or mesh size of 
the net, proximity of other fishing boats, quantity of 
catches, degree of residence of the dolphins in the 
area, herd composition, fishing area, distance from 
the coast, duration of the fishing set or of the gear 
retrieval)?

3.	 What are the damages and what is the economic 
loss?

The hypotheses that we will try to verify are:

1) There is a species of delphinid more inclined than 
others to interact with fishing gear in order to depredate 
on them, which prefers certain areas and species, and acts 
at specific times according to identifiable and repeated 
behavioral patterns.

2) The selectivity of some artisanal fishing gears favors 
a reduced by-catch rate, in favor of the conservation of 
vulnerable marine species.



Introduction

Interaction between cetaceans and 
fisheries: reports and experimentations

The hunting methods and the nutrition choices of wild 
species respond to specific economic optimization models 
that define the relationships between energy expenditure 
for foraging and payoff deriving from the consumption 
of the preys. Top-predators tend to minimize the 
search interval between preys and maximize the 
intake rate while eating, preferring decisions that 
maximize energy per unit time providing the highest 
gain (Danchin et al., 2008; Hughes and Roger, 1989). 
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Feeding strategies that lead marine mammals like ceta-
ceans to carry out attacks and depredations on fishing gear, 
constitute a special case to which these optimization mod-
els are applied. Odontocetes, specifically dolphins, species 
protected by national and international conventions, are the 
main responsible for conflicts with fishing, which can gen-
erate environmental, social and economic problems, with se-
rious consequences especially for fishermen who practice the 
small-scale coastal fishing (Snape et al., 2018). Dolphins can 
cause scattering or move away entire fish schools from the 
fishing gears, also leading to a complete loss of the catch or 
a destruction of the nets. The damage caused by these small-
sized cetaceans to small-scale fishing involves the removal 
of the prey or their damage when trapped in the gears, the 
tearing of portions of the net with the generation of holes 
of various sizes, the loss of baits, the time wasted to make 
unsuccessful fishing trips, interruption of fishing activities, 
repair or repurchase of damaged fishing gears (Reeves et al., 
2001; Bearzi et al., 2011).

A potential solution to the problem is represented by the 
use of acoustic signal generators (ADD or Pinger, AHD, DDD 
and the Dolphin Interactive Dissuasor of new generation - 
DiD), to be attached to fishing gear, which emit medium to 
high frequency sounds underwater. However, the long-term 
effectiveness of these devices is still controversial, since 
they have been designed to move away marine mammals 
from fishing gears, but often, due to the phenomenon of ha-
bituation, after a few months of use they turn out to be ig-
nored or even become a bell indicating the availability of food 
with a very low search energy cost  (Northridge et al., 2006; 
Hamilton and Baker,2019).

Conflicts between wild fauna and fishers may be as old as 
fishing itself. However, today such interactions are the cause 
of critical economic losses to the fishers and they are docu-
mented everywhere in the world (Monaco et al., 2019).

There are several studies in the Mediterranean that report 
the occurrence of depredation events put in place by delfinidae. 
From the Adriatic Sea by bottlenose dolphins on gillnets and 
trawlers, to the Tyrrhenian Sea with bottlenose dolphins on 
nets or exploiting the concentration of wild preys near fish 
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farms (Figure 1) (Díaz López, 2006; Bearzi and Bonizzoni, 
2018); and from the central-eastern Ionian Sea where striped 
dolphins wait for fishermen that throw overboard the bait 
fish into the water (Figure 2), to the Western basin with still 
bottlenose dolphins in action on nets and trawlers (INRH, 
2015; Bouhadja et al., 2017; Benmessaoud et al . 2018). The 
interactions of common bottlenose dolphins, short-beaked 
common dolphins and Risso’s dolphins are reported from all 
over the Europe and from different areas of the Mediterranean 
(di Sciara, 2002; Monaco et al., 2019; Geraci et al., 2019; Snape, 
2019) and beyond, such as cases of depredation on longlines 
by killer whales near the Strait of Gibraltar (Camiñas et al., 
2018) (Figure 3), and on various tools by bottlenose dolphins 
in the Black Sea (Birkun et al., 2014).

Figure 1. Group of bottlenose dolphins searching for prey between the floating cages of a marine fin fish farm.
Source D. López, 2006.
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Figure 2. Screenshots of the underwater 
video available on https://www.youtube.
com/watch?v=i9xdiC79eJA, showing killer 
whales depredating a longline.

Figure 3. Screenshot of the video available on https://www.facebook.com/iSea.
org/videos/225222735234098/UzpfSTU2OTI5MTcxNjU3ODAzNjpWSzozMDY2NT-
c3MzUwMDI4NjYz/, showing a striped dolphin eating the sardines used as lure by 
a Greek fishing vessel.

https://www.youtube.com/watch?v=i9xdiC79eJA
https://www.youtube.com/watch?v=i9xdiC79eJA
https://www.facebook.com/iSea.org/videos/225222735234098/UzpfSTU2OTI5MTcxNjU3ODAzNjpWSzozMDY2NTc3MzUwMDI4NjYz/
https://www.facebook.com/iSea.org/videos/225222735234098/UzpfSTU2OTI5MTcxNjU3ODAzNjpWSzozMDY2NTc3MzUwMDI4NjYz/
https://www.facebook.com/iSea.org/videos/225222735234098/UzpfSTU2OTI5MTcxNjU3ODAzNjpWSzozMDY2NTc3MzUwMDI4NjYz/
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It is the attitude of these cetaceans to obtain food by 
taking advantage of the presence of fishing gears, that 
causes the risk they become themselves caught. Such 
incidental mortality has been recognized as responsible of 
depletion of cetacean populations, recently increasing due to 
the proliferation of synthetic gillnets throughout the world, 
causing the by-catch also of other marine mammals and 
vulnerable species like seabirds, turtles, fish, and other non-
target organisms (Reeves & Leatherwood, 1994; Read et al., 
2006; Snape 2019). The main cetacean species documented 
as victims from the Mediterranean and the Black Sea are 
common bottlenose dolphin, short-beaked common dolphin, 
striped dolphin, Risso’s dolphin, sperm whale, and harbor 
porpoise (Reeves & Leatherwood, 1994; Di Sciara 2002; Birkun 
et al., 2014; Bearzi and Bonizzoni, 2018).

The most frequent signs visible both in living and strand-
ed individuals that have been involved in interactions with 
fishing gears are the presence of nets (Figure 4) or lines with 
hooks (Figure 5; Figure 6; Figure 7) which, if they do not lead 
the animals to a death by drowning because they are hold un-
derwater, they can cause infections or injuries as much fatal 
(Hamer et al., 2010).

Figure 4. A Minke whale (Balaenoptera acutorostrata) sighted in the Tyrrhenian Sea entrapped 
in a fishing net. It is an occasional species for the Mediterranean, that is why this event was 
even more serious. Source MareTerra.
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Figure 5. A hooked sperm whale. The yellow circle indicates a hook stuck between the teeth 
which was later removed by a diver. Screenshot of the video available on https://www.face-
book.com/undervisionpro/videos/772166356534357/.

Figure 6. A false killer whale caught on a pelagic longline hook. Source National Marine Fishe-
ries Service, United States Federal Government.

https://www.facebook.com/undervisionpro/videos/772166356534357/
https://www.facebook.com/undervisionpro/videos/772166356534357/
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Animals survived to by-catch events usually show also the 
presence of markings on the head, dorsal fin leading edge, 
and peduncle, where injuries can occur when they struggle 
against a fishing gear (Figure 8) (Gill et al., 2019). Therefore, 
given the difficulty of direct observation of hooked and en-
tangled cetaceans, scars and wounds of anthropogenic origin 
noted on their body (Figure 9) are useful signs for estimating 
the fishing gear impact upon cetaceans, among which there 
are dorsal fin damage, V-shaped wounds, sawed edges and 
deformities in the caudal region (Félix et al., 2017).

Figure 8. Dolphin with injuries consistent with a line wrap around the peduncle 
(Gill et al., 2019).

Figure 7. A bottlenose dolphin with an embedded hook and trailing line, with the 
hook encrusted with stalked barnacles (Gill et al., 2019).
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To mitigate the effects of this type of interactions, research 
groups from all over the world have designed various types 
of devices. The majority of solutions tested to mitigate catch 
depredation typically focus on four strategies, which are ha-
rassment, deterrence and echolocation disruption, and avoid-
ance (Hamer et al., 2012).

A work made by Birkun et al. (2014) summarizes all the ex-
amples of mitigation known, coming from different countries 
and involving fishing fleets active in the Mediterranean Sea, 
the Atlantic and the Pacific Oceans. Actions based on effort 
limitations include the institution of fishery bans in order to 
avoid by-catch events, usually defining a combination of gear 
characteristics and geographical area. In specific cases, a lim-
it on the amount of fishing allowed is imposed, considering 
the length of the gears or the number of fishing days. Zones 
with a known high by-catch rate can be also closed off for a 
specified period of time. Interventions for design and use 
of gears concern mitigation of both by-catch and depreda-
tion events and consist in switching to alternative gear or to 
modify particular aspects of gear design or use, such as mesh 
size. These can be further detailed in additional measures 
considering the use of devices, specific to the gear they are 
addressed, such as reflective or stiff nets equipped with met-

Figure 9. Individual with mouthline notch and scarring consistent with a fishery interaction 
(Gill et al., 2019).
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al filler compounds to nylon twine to increase their acoustic 
reflectivity (Bordino et al., 2013); escape hatches in trawl nets; 
and acoustic deterrents (ADDs) like pingers to generate aver-
sive noises that may deter cetaceans from approaching fish-
ing gear or the noisiest acoustic harassment devices (Birkun 
et al., 2014; Bearzi, 2018).

However, most studies are focused precisely on the use of 
acoustic pingers, even if habituation cause a decrease of their 
effectiveness and many practical constraints exist, including 
the size and cost (Dawson et al., 1998). Even at the World Ma-
rine Mammal Conference that took place in December 2019 
in Barcelona, no tool capable of definitively solving the prob-
lem of the cetacean-fishing interaction was presented. Only a 
few specialized works on particular species or tools involved 
in by-catch events have been successful, such as the fishing 
rope strength on the severity of large whale entanglements 
(Knowlton et l., 2015), or the case of small multi spheres at-
tached to the nets that zeroed the entanglement of Harbour 
porpoises (Phocoena phocoena).

Figure 10. Depredation mitigation prototype 
closed. Source Paraped project.
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Much work remains to be done, to be discovered and test-
ed in order to arrive at a solution that can bring together the 
Mediterranean fleets. Among the most innovative ideas we 
can find in literature there are illuminated bottom set nets 
and illuminated surface driftnets for saving small cetaceans 
as dusky dolphins and Burmeister’s porpoises (Bielli, 2020), 
even if other works on light-emitting devices into fishing 
gear have been shown they are more addressed to reduce 
non-target capture of crustaceans and fish (SafetyNet, 2020); 
and electrical pulses from the gear activated when cetacean 
approaches (Hamer et al., 2010). Nevertheless, the latter may 
be difficult to maintain and has potential ethical issues for ce-
taceans and safety issues for crew therefore it has not been 
further developed.

Instead, several mechanical approaches have been im-
plemented, even if they are in the test phase yet. Par ex-
ample, the “Paraped” project is creating masking nets to pro-
tect longlines catches, however, its depredation mitigation 
prototypes (Figure 10; Figure 11) need still the improvement 
of the triggering system and the identification of materials 
which can be used to design effective protection (Rabearisoa 
et al., 2019).

Figure 11. Depredation mitigation prototype activated.
Screenshots of the videos available on https://paradep.com/en/actualites/non-classe-en/.

https://paradep.com/en/actualites/non-classe-en/
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Its operation follows that of Physical Depredation Mitigation 
Devices (PDMD) previously adapted to longlines to reduce in-
teractions of toothed whales, designed to provide a physical 
barrier of various shapes and materials that remains clear of 
the hooks during the soak period and then slides down the 
branch line over the caught fish when this is caught (Figure 12; 
Figure 13) or during the haul (Figure 14) (Hamer et al., 2010; 
Goetz et al., 2011).

Other variants of the umbrella-and-stones system, like the 
DEPRED device, consider a double physical action put into 
practice by many streamers of which the upper ones freely 
move around the fish (deterrent effect) and the lower ones are 
weighted, covering the fish (protective effect) (Figure 15; Figure 
16). However, despite the umbrella systems were quite effective 
in preventing the accidental by-catch of seabirds and toothed 
whales, as well as depredation events, it causes a significant 
reduction of the catches, so their negative effects undermine 
the benefits (Hamer et al., 2010; Rabearisoa et al., 2015).

Figure 12. Arrangement of the PDMDs along a longline. Source Goetz et al., 2011.
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Since cetaceans are protected by numerous national and 
international agreements and many species are present on 
the Red List of the International Union for Conservation of 
Nature (IUCN), not all methods and devices to avoid fish-
ing-cetacean interaction are allowed. Among the prohibited 
practices and devices towards marine mammals there are 
explosives, firearms, live ammunition, taste/smell deterrents, 
chemical irritants, poisons and toxins, and anti-predator net-
ting (Long et al. 2015).

Figure 13. Experimental longline setting (a), and the “Umbrella-and-
-stones” design and mechanism (b). The pressure of the caught fish 
fighting against the hook causes the cap of the pod to open and re-
lease the streamers, and the pod to descend the snood toward the 
hook. Source International Council for the Exploration of the Sea.
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Figure 14. Schematic diagram of a robustly constructed 
PDMD “Net sleeve” fitted to a demersal longline. Source Ha-
mer et al., 2010.

Figure 15. According to this PDMD, depredating whales are deterred by the streamers, because they flap around next to 
the caught fish and mimic tangles in the fishing gear. Source Goetz et al., 2011.
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Figure 16. The DEPREDation mitigation device for preventing preda-
tor attacks and protecting captures. Source Rabearisoa et al., 2015.

At European level, the fisheries and aquaculture sectors 
are supported by the European Commission (EC) with the 
regulation on the European Maritime and Fisheries Fund 
(EMFF), established for 2014-2020, that covers investments 
in equipment for defending gear and catches from protect-
ed marine mammals and seabirds, and operations such as 
schemes for compensation for damage to catches caused by 
protected wildlife. However, the measures are transposed 
late at regional level and financial support has not yet been 
activated in various areas of the Mediterranean (Monaco et 
al., 2019).
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The study described in this report could contribute to 
define new appropriate management approaches for 
small-scale fisheries (SSFs) and vulnerable species in the 
Mediterranean area, by providing baseline information to 
build a sound management plan and concrete mitigation 
solutions. Actions carried out in the Sicilian region for this 
purpose are:

a) Identification of the sample fleet and drafting of a 
protocol for monitoring at sea with standardized surveys 
adapted to investigations on cetacean-fishery interaction.

b) Territorial survey on the local fleets that practice 
small-scale fishing and accuse negative interactions 
with cetaceans (research on statistical and bibliographic 
sources, data collection in the field, interviews and focus 
groups).

c) Construction and activation of the fishermen network 
to be involved in the data collection, and use of the fishers’ 
register.

d) Visual monitoring of the presence of cetaceans and 
of the fishing activities made by the small-scale fleet in a 
sample area of ​​eastern Sicily, through the use of scientific 
boats and of fishing vessels with observers onboard 
(observation, sighting and interaction survey).

e) Check of the integrity of the fishing gears ex ante and 
ex post the fishing trips, with measurement of any damage 
suffered.

f) Bioacoustic monitoring by means of hydrophones 
placed in an underwater environment near the fishing 
gear, with recording of the sounds emitted by dolphins 
during depredation and non-depredation events.

g) Analysis of the data collected with an interdisciplinary 
and systemic approach by means of statistical software, 
bioacoustics and geomodelling.

h) Preparation of reports and scientific papers.

i) Dissemination through conferences, videos and online 
material.
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The Case of Central  Mediterranean
Sici ly,  I ta ly

Small-Scale
Fisheries
Status of the Mediterranean fleet
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The term “Small-scale fisheries” (SSFs)” is often used inter-
changeably with “Coastal fisheries” and “Artisanal fisheries. 
In the EU, “small-scale coastal fishing” refers to fishing 
vessels under 12 meters of length using non-towed gears 
according to the regulation for the European Maritime and 
Fisheries Fund (EMFF - Regulation (EU) No 508/2014). But this 
is far from universal.  Although these terms may be synon-
ymous, the way they are defined in different countries may 
be quite different. These different local and national contexts 
need to be taken into account where these broad categories 
can also be divided in more subclasses (Table 1).

For the purposes of this study, we define small scale fisheries 
as vessels under 12 metres using non-towed gears.

An important omission in the way these terms are defined 
is the important socio-economic dimensions of small-scale, 
coastal and artisanal fisheries. Small scale fishing activities 
tend to be small family businesses, with the owner working on 

Table 01. Fleet segmentation made by the General Fisheries Commission for the Mediterranean 
(GFCM) as defined by Recommendation GFCM/41/2017/6. In orange, some potential combi-
nations are proposed (FAO, 2018). Source http://www.fao.org/gfcm/activities/fisheries/fleet/
segmentation/en/.

http://www.fao.org/gfcm/activities/fisheries/fleet/segmentation/en/
http://www.fao.org/gfcm/activities/fisheries/fleet/segmentation/en/
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board, with close family members working as crew and helping 
to run the business and rooted in cultural traditions. Catches 
are relatively small, so value addition is very important. In 
this regard, any damage to the catches can have devastating 
economic consequences.  

Considering the total capture fisheries production in 
the Mediterranean, landings are stable at about 850 
000 tonnes per year in the last triennium, with catches 
dominated by small pelagics (herrings, sardines, anchovies) 
that represent nearly 49% of the total catches. The most 
productive region is the western Mediterranean with 265 
100 tonnes, followed by the Adriatic Sea and the central and 
eastern Mediterranean (FAO, 2016; FAO, 2018).

The estimated annual revenue related to marine capture 
fisheries in the Mediterranean and Black Sea is of USD 
2.8 billion and directly employ about 248 000 people 
onboard fishing vessels. Even if the polyvalent vessel 
group represents only 26% of total revenue, it provides 
employment to 59% of all fishers in the region, counting 
about 135 000 small-scale fishers operating just in the 
Mediterranean. However, the sector is in decline and today 
counts 5000 fewer small-scale fishing vessels from its fleet 
rather than the last four years (FAO, 2016; FAO, 2018).

This damages a segment already vulnerable and with a 
limited capacity to adapt or cope to shocks, with less and less 
availability of workers with the necessary skills to provide 
support services. Indeed, since associated with working at 
sea, the employment of small-scale fishers is highly seasonal, 
unpredictable and dangerous, so low attractive for new 
generations. Moreover, its contingency on weather conditions, 
as well as its dependency by climate change and reductions 
in fish stocks (Annex 1), may affect the income of small-scale 
fishers that is already seasonal, irregular and unpredictable. 
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The increasing overexploitation of marine resources, 
environmental damage, climate change, pollution and 
competition with other fishing sectors merely is intensifying 
the pressure from the elements of risk mentioned before 
that threaten the viability and sustainability of the livelihoods 
of the coastal fishers, as well as the maintaining of local 
traditions and cultural heritage of the Mediterranean region 
(FAO, 2019).
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Marine mammals are species of concern in the world, this 
is why a Marine Mammal Protected Areas Task Force 
(MMPATF) was created in 2013 by the International Com-
mittee on Marine Mammal Protected Areas (ICMMPA), 
the International Union for the Conservation of Nature’s 
(IUCN), the World Commission on Protected Areas (WCPA), 
and members of the IUCN’s Species Survival Commission 
(SSC). The Task Force supervises the definition of Important 
Marine Mammal Areas (IMMAs) that may merit place-based 
protection and/or monitoring to improve the conservation 
status of specific species or populations, and support existing 
national and international conservation tools with respect to 
Marine Protected Areas (MPAs), including Ecologically or Bi-
ologically Significant Areas (EBSAs) under the Convention on 
Biological Diversity (CBD), and Key Biodiversity Areas (KBAs) 
identified through the IUCN Standard (IUCN, 2016).

Countries are also Contracting Parties of other internation-
al agreements that comprise the safeguard of the cetaceans 
like the Convention for the Protection of the Mediterra-
nean Sea Against Pollution (Barcelona Convention, 1978) 
which include the protection and management of Specially 
Protected Areas (SPAs), and the establishment of a list of 
Specially Protected Areas of Mediterranean Importance (SPA-
MIs) for protecting conservation of species; and the Council 
Directive 92/43/EEC on the Conservation of natural habi-
tats and of wild fauna and flora (Habitats Directive, 1992) 
which comprised the establishment of the Natura 2000 net-
work to protect species and habitats. Under this Directive all 
cetaceans are strictly protected in European waters and their 
deliberately capture, kill or disturb, as well as to cause de-
terioration or destruction to their breeding or resting places 
are punished. Also, requires that Member States establish a 
monitoring system for incidental capture and killing of ceta-
ceans, and to take measures to ensure that these do not have 
a significant negative impact on the species.
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Additional obligations of European Member States include 
the conservation of cetacean populations and the monitoring 
and mitigation of by-catch and other anthropogenic impacts 
under the Marine Strategy Framework Directive (MSFD), 
and the Council Regulation (EC) No. 812/2004, as well as re-
gional treaties such as the Agreement on the Conservation 
of Small Cetaceans of the Baltic, North East Atlantic, Irish and 
North Seas (ASCOBANS) and the Agreement on the Conser-
vation of Cetaceans of the Black Sea, Mediterranean Sea 
and contiguous Atlantic area (ACCOBAMS).

Moreover, under the United Nations Environment Pro-
gramme (UNEP) was developed the Mediterranean Action 
Plan (MAP, 1975) approved by the Mediterranean countries 
and the EC as institutional framework for cooperation in ad-
dressing common challenges of marine environmental degra-
dation. The Programme was then updated as Action Plan for 
the Protection of the Marine Environment and the Sus-
tainable Development of the Coastal Areas of the Medi-
terranean (MAP Phase II, 1995), until the implementation of 
the Ecosystem Approach of the MAP system (2008, 2012) to 
support regional and national efforts towards achieving Good 
Environmental Status (GES) in the Mediterranean.

Table 02. Species of cetaceans 
of the Mediterranean Sea with 
their occurrence in the basin and 
IUCN status. EN: Endangered; 
VU: Vulnerable; LC: Least Con-
cern; DD: Data Deficient; NA: Not 
Applicable. Source https://www.
iucnredlist.org/. Our elaboration. 
*Mediterranean subpopulation; 
**Europe.
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Delphinus delphis Short-beaked 
common dolphin Regular EN* 

Tursiops truncatus Common bottlenose 
dolphin Regular VU* 

Stenella 
coeruleoalba Striped dolphin Regular VU* 

Grampus griseus Risso’s dolphin Regular DD* 

Ziphius cavirostris Cuvier’s beaked whale Regular DD* 

Physeter 
microcephalus Sperm whale Regular EN* 

Globicephala 
melas 

Long-finned pilot 
whale Regular DD* 

Steno bredanensis Rough-toothed 
dolphin Incidental NA** 

Pseudorca 
crassidens False killer whale Incidental DD 

Orcinus orca Killer whale Incidental DD 
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Balaenoptera 
physalus Fin whale Regular VU* 

Balaenoptera 
acutorostrata Minke whale Incidental LC 

Megaptera 
novaengliae Humpback whale Incidental LC 

 

 

Focal zones Characteristics 

1) Salina – Lipari Aeolian islands, pelagic fauna, touristic 
impact 

2) Patti – Ganzirri Strait of Messina, ancient small fishing 
villages 

3) Giardini Naxos – Riposto Fishing fleet drastically reduced 

4) Capo Mulini – Aci Castello Marine Protected Area, volcanic origin, 
deep waters (Gulf of Catania) 

5) Ognina – Catania Sandy bottom, shallow waters, intense 
marine traffic (Gulf of Catania) 

6) Brucoli, Siracusa Calcareous and muddy bottom, deep 
waters (Gulf of Catania) 

7) Portopalo di Capo Passero Far South, strong interference of trawlers 
 

https://www.iucnredlist.org/
https://www.iucnredlist.org/
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As showed in Table 2, seven species of toothed whale (Odon-
tocetes) (Delphinus delphis, Tursiops truncatus, Stenella coerule-
oalba, Grampus griseus, Ziphius cavirostris, Physeter microceph-
alus, Globicephala melas) and one of baleen whale (Mysticetes) 
(Balaenoptera physalus) are regularly present in the Mediter-
ranean waters. Some of these, although being cosmopolitan 
species, constitute isolated subpopulations that are at risk of 
extinction in the Mediterranean and therefore are catalogued 
as Vulnerable or Endangered in the IUCN red list.

Cetaceans use sound in many contexts, such as in social in-
teractions, as well as to forage and to react in dangerous sit-
uations (Monaco et al, 2016). Since the environment in which 
they live has determined the selection of the acoustic system 
as the privileged sense for underwater communication and 
orientation, they communicate in a wide variety of ways.

Here we explore the sound production and use in the two 
families of Odontocetes sighted during this study: Delphinidae 
and Physeteridae.

The Delphinidae family includes mammalian species in 
which acoustic communication is particularly developed and 
complex, playing a fundamental role in environmental explo-
ration, predation and in mediating social interactions. Dol-
phins produce a wide variety of sounds for both echolocation 
and intraspecies communication purposes which can be clas-
sified into two main categories: impulsive and tonal sounds.

2.1. In-depth on bioacoustics	
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Impulsive sounds include echolocation clicks and burst-
pulsed sounds. Clicks are short duration, highly directional 
and broadband sounds. These signals are used for echolo-
cation, a sensory capacity that odontocetes share with a few 
other animals. The echolocation consists in the active emis-
sion of sounds and in the following one processing of return 
echoes to locate objects and receive detailed information on 
the surrounding environment (Jefferson et al., 1993). In par-
ticular, the animal manages to rebuild an “auditory image” 
through the interpretation of the different echo intensities, 
produced by a series of clicks that return to the dolphin after 
hitting an object. This complex system allows the elaboration 
of information concerning size, shape, speed, distance, direc-
tion and some of the internal structures of the objects detect-
ed underwater. Particularly, the bottlenose dolphin (Tursiops 
truncatus) emits clicks within a frequency going from 50 kHz 
to more than 130 kHz (Au, 1993; Parsons and Dolman, 2003) 
each of which lasts generally between 50 and 128 microsec-
onds (Au, 1993). The burst pulsed sounds are series of clicks 
(click trains) emitted at a very high repetition rate and used 
with different communication purposes. They originate highly 
variable vocalizations usually summarized in the term “barks” 
which seem to be present in all dolphin species. These sounds 
have been associated with underwater feeding behavior. Díaz 
López & Shirai (2009) hypothesized that bottlenose dolphins 
use these sounds in intraspecies interaction during depreda-
tory behavior on fishing nets and on aquaculture gears. As 
suggested in several studies, these sounds may play an im-
portant role in avoiding or in solving intraspecies competition 
for the resource (Defran and Pryor, 1980; Overstrom, 1983; 
Blomqvist et al., 2004; Díaz López & Shirai 2009). As recently 
pointed out by Papale et al. (2019) evidence on Tursiops trun-
catus and Grampus griseus strongly support the hypothesis 
that burst pulses have a key role during both foraging/feed-
ing activities and in intraspecific communication (Arranz et al., 
2016; Luis et al., 2016).
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The second category includes tonal sounds that can be 
distinguished into “whistles” and “moans”, both considered 
important in intraspecies communication. Whistles are 
narrow-band, frequency modulated, tonal sounds. These 
sounds have usually most of the energy comprised between 
4 e 23 kHz and a duration higher than 200 ms (Díaz López 
& Shirai, 2009). Based on observed spectral features, and 
considering the variety of sounds emitted by the different 
Delphinidae species, we defined tonal sound as “moans” when 
they had frequency range included approximately between 4 
and 10 kHz, lasting from 200 milliseconds to about 1 second, 
and they were composed by several discontinuous - frequency 
descending tones.

Regarding the Physeteridae, the sperm whale (Physeter 
macrocephalus) is the unique representative of this family 
in the Mediterranean. The sperm whale continuously 
emits impulsive sounds underwater to acoustically map 
the surrounding environment, to search for food and to 
communicate with conspecifics. Emitted clicks have duration 
up to 100 ms, source levels up to 236 dB re 1µPa (RMS), 
frequency range to more than 30 kHz with a centroid frequency 
of 15 kHz (Møhl et al. 2003). Sperm whale sounds used for 
echolocation and predatory activity can be distinguished into 
three main categories: regular clicks, click trains and creaks.

Regular clicks are sounds associated with the sperm whale’s 
orientation and predatory activity, emitted regularly during 
deep dives. This category includes long click sequences, 
which develop in a frequency range of about 100 Hz to 20 kHz 
(Zimmer et al. 2005). The single signal generally lasts within 
10-20 ms (Goold and Jones, 1995). 

Sperm whale clicks can be easily classified by the analysis 
of the interval between one click and the next, the so-called 
Inter Click Interval (ICI). The ICI represents the time taken 
by the sound impulse to travel twice the distance between 
the sperm whale and the prey or between the sperm whale 
and the bottom surface. According to this scheme, after is-
suing the click the animal waits for the echo to return from 
the affected object before emitting the other click. As in oth-
er Odontocetes species, the ICI variates progressively as the 
sperm whale approaches the prey or the object of interest, 
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demonstrating the close analogy with the echolocation sig-
nals of the dolphins suitable for predation. The acceleration 
in regular click sequences (progressive reduction in ICI val-
ue) is defined here as “Click train”. With the term “Creak” we 
indicate the extreme acceleration of the click emission rate 
at the end of a click train, reaching up to 200 clicks/sec (Gor-
don 1987). Creaks are commonly produced by sperm whales 
during feeding deep dives, however they are often quite chal-
lenging to record due to their high directionality and to the 
fact that the animal may actively change the direction of its 
body as aiming to prey capture (Miller et al., 2004) and the 
signal may therefore be lost by a stationary hydrophone close 
to the surface.
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Investigations of this report were located in the Western 
and Central Mediterranean Sea, in correspondence of the 
geographical sub-areas (GSAs) number 10 and number 19, It-
aly (Figure 17).

The Italian capture fisheries production was of 185 300 
tonnes in 2014–2016 triennium that is 16% of total landings 
across the GFCM area. In economic terms, in 2017 it gener-
ates a revenue of € 912 523 000, of which 21% (€ 187 716 
000) deriving from small-scale fishing activities (FAO, 2018; 
DG MARE, 2018).

Figure 17. GFCM subregions and geographical sub-areas (GSAs). Source GFCM, 2018.
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Considering that Sicily is the most representative region 
of the Italian small-scale fisheries fleet and also that litera-
ture reports many cases of cetaceans-fisheries interaction in 
its waters (Tringali et al., 2001; Vindigni et al, 2016; Monaco et 
al., 2019), it has been chosen as pilot study area.

In particular, the project investigates interaction cases 
of dolphins and whales with small-scale fisheries activi-
ties carried out in the Ionian Sea, closeness to the eastern 
coast of Sicily (red line), and in the southern Tyrrhenian 
Sea, paying attention to the Aeolian Islands area (yellow 
line) (Figure 18). These zones have a high level of primary and 
secondary productivity despite they are subjected to a strong 
anthropogenic impact, among which an intense commercial 
and touristic marine traffic, and they include many nature re-
serves (e.g. the MPA “Capo Milazzo” in the North; the MPA 
“Isole Ciclopi” and the ONR “Foce del fiume Simeto” in the 
center; the AMP “Plemmirio” and the ONR “Oasi Faunistica 
di Vendicari” in the South), sites of community interest (e.g. 
“Fondali di Brucoli e Agnone” in the center) and marine areas 
to be enlarged or established (e.g. “Grotte di Aci Castello” in 
the center, and the MPA “Aeolian Islands” in the North). 

The area hosts a rich marine flora and fauna, including sev-
eral resident or migratory marine reptiles, sharks and sea-
birds. Regular species of cetaceans in these waters are com-
mon bottlenose dolphins, striped dolphin, Risso’s dolphin, 
short-beaked common dolphin, pilot whale, Cuvier’s beaked 
whale, sperm whale and fin whale (Monaco et al., 2016). 

Seven focal zones for data collection have been selected 
based on peculiar characteristics such as the morphology of 
the coast, depth and type of seabed, composition of the local 
fleet, existing influences, and degree of isolation from other 
fleets (Table 3). From zone 4 to zone 6 is included the hetero-
geneous area of the Gulf of Catania in which fall the 300 
km2 range of action of the floating laboratories’ fleet of 
the project (white rectangle in Figure 18).
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Figure 18.  The study area: North (yellow) – Eastern (red) Sicily. Our 
elaboration.

Table 3.  Focal zones of the study area. Our elaboration.
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Delphinus delphis Short-beaked 
common dolphin Regular EN* 

Tursiops truncatus Common bottlenose 
dolphin Regular VU* 

Stenella 
coeruleoalba Striped dolphin Regular VU* 

Grampus griseus Risso’s dolphin Regular DD* 

Ziphius cavirostris Cuvier’s beaked whale Regular DD* 

Physeter 
microcephalus Sperm whale Regular EN* 

Globicephala 
melas 

Long-finned pilot 
whale Regular DD* 

Steno bredanensis Rough-toothed 
dolphin Incidental NA** 

Pseudorca 
crassidens False killer whale Incidental DD 

Orcinus orca Killer whale Incidental DD 
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Balaenoptera 
physalus Fin whale Regular VU* 

Balaenoptera 
acutorostrata Minke whale Incidental LC 

Megaptera 
novaengliae Humpback whale Incidental LC 

 

 

Focal zones Characteristics 

1) Salina – Lipari Aeolian islands, pelagic fauna, touristic 
impact 

2) Patti – Ganzirri Strait of Messina, ancient small fishing 
villages 

3) Giardini Naxos – Riposto Fishing fleet drastically reduced 

4) Capo Mulini – Aci Castello Marine Protected Area, volcanic origin, 
deep waters (Gulf of Catania) 

5) Ognina – Catania Sandy bottom, shallow waters, intense 
marine traffic (Gulf of Catania) 

6) Brucoli, Siracusa Calcareous and muddy bottom, deep 
waters (Gulf of Catania) 

7) Portopalo di Capo Passero Far South, strong interference of trawlers 
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The Sicilian fishing fleet, strongly characterized by tradi-
tional and multipurpose métiers, it is dangerously exposed 
to the phenomena of climate change and overfishing because 
of which fish resources and so catches are decreasing. Fluc-
tuations in the abundance and distribution of fish stocks are 
the first factors to induce cetacean populations to vary their 
home range in relation to the availability of resources. This 
could cause an increasing of the cases of interference with 
fishing activities, especially with the small-scale one which is 
already threatened by a high rate of cetacean-fisheries inter-
action in Sicily, and that requires the use of new urgent mit-
igation actions, as well as the implementation of strategies 
aimed at reducing losses due to this type of conflicts (Tringali 
et al., 2001; Tringali et al., 2005; Tringali et al., 2009; Lapiccire-
lla et al., 2018; Monaco et al., 2019).

Previous studies demonstrated the persistence of con-
flicts between cetaceans and fisheries in the island and 
tested the feasibility and efficacy of using pingers to re-
duce dolphin depredation, especially made by bottlenose 
dolphin, on trammels and gillnets from the Archipelago of 
Egadi Islands (ICRAM, 2001; Buscaino et al., 2009; Maccarrone 
et al., 2014; Gönener and Özsandıkçı, 2017) to that of the Ae-
olian Islands (Blasi et al., 2015). Interaction with trawlers and 
acquaculture cages was documented in Lampedusa (Pace et 
al., 1999; Pulcini et al., 2004; Celoni et al., 2006). Pinger were 
tested also in South-Western Sicily and in the Gulf of Cata-
nia (ICRAM, 2001; Bellante et al., 2007) where moreover also 
conflicts with striped dolphins and Risso’s dolphins are men-
tioned (Tringali et al., 2001; Lapiccirella et al., 2018; Monaco 
et al., 2019).

Since these studies have not led to a mitigation of the 
problem, occasionally, fishers take retaliatory measures 
against dolphins like using blackpowder fireworks or home-
made bombs to scare dolphins away from their nets, or feed-
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ing them with fish containing needles, nails or poison, es-
pecially in periods characterized by a high concentration of 
conflicts (Tringali et al., 2001; di Sciara, 2002).

Consulting the GeoCetus database of the Cetacean Stud-
ies Center (https://geocetus.spaziogis.it/), and the Stranding 
Data Bank of the Italian Ministry of the Environment, about 
200 strandings are officially reported along the Italian 
coast each year, of which about 46% happen in Sicily. The 
bottlenose dolphin and the striped dolphin are the most in-
volved species (39% each). Furthermore, in 29% of total cas-
es, the hypothesized cause of death was that of anthro-
pogenic origin, above all the interaction with activities linked 
to fishing. However, in some cases, the specimens may have 
pre-existing pathologies that can predispose them to come 
into contact with humans and their gears (di Sciara, 2002; Di 
Lorenzo et al., 2013; Casalone et al., 2016; Pavan and Podestà, 
2019). In case of interaction, the cause of death could be due 
to by-catch events, bullet wounds or attacks made with har-
poons (Figure 19).

Figure 19.  Striped dolphin stranded in Brucoli, East Sicily, in January 2020. The lesion is compatible with an 
object with the cutting end similar to the harpoon type. Source MareCamp.

https://geocetus.spaziogis.it/
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Analyzing the available regional data, the Italian annual re-
port provided in accordance with Article 22 of Regulation (EU) 
No 1380/2013, and the European Fleet Register, the entire Na-
tional fishing fleet is composed by 12 060 vessels of which 
23% belongs to Sicily. Considering only the boats from 0 to 
12 meters of length, we count 8 658 units in Italy, of which 
1 922 are registered in the Sicilian region. Further restricting 
the scope to vessels with non-towed gears, the Italian small-
scale fishing fleet amount to 8 086 vessels of which 23% 
registered in the Sicilian Maritime Departments (Figure 
20; Figure 21).

Figure 20.  Number of vessels and percentages of the Italian and the Sicilian 
total fleets (A) and small-scale fleets (B) entered in the Fisheries License Regis-
ter 2017-2018 of the EC, updated to 31 December 2018. Our elaboration of data 
available on https://webgate.ec.europa.eu/fleet-europa/index_en.

Figure 21.  Italian and Sicilian fishing fleets grouped per segments and number of 
vessels entered in the Fisheries License Register 2017-2018 of the EC, updated to 
31 December 2018. Our elaboration of data available on https://webgate.ec.euro-
pa.eu/fleet-europa/index_en.

3.1. The Sicilian Fishing Fleet
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Due to the crisis of the sector and to the European cessation 
plan, a fleet capacity decrease was recorded in the last 
decade, both in terms of GT and engine power. Compared 
with 2008, it emerges that the number of vessels decreased by 
12.07% (-1 651), GT fell by 25.56% (-50 179) while engine power 
declined by 19.04% (-218 846 kW) (Figure 22).

The same negative trend can be observed in the Sicilian fleet 
where, from 2008 to 2018, the number of vessels decreased 
by 15.90% (-513), GT fell by 28.94% (-18 295) while engine pow-
er declined by 19.66% (-54 897 kW) (Figure 23).

Figure 22.  Trend of the Italian fishing fleet in the decade 2008-2018 per number of vessels, ton-
nage (GT) and power (kW). Our elaboration of data of the Italian annual reports and the EU Fleet 
Register 2017-2018.
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Today’s average values of the entire Sicilian fishing fleet in-
dicate the predominance of vessels of 10.54 meters of Length 
Overall (LOA) (Min 3.50; Max 44.15), with 16.54 Gross Tonnage 
(GT) (Min 1; Max 665), and 82.74 kW of power of the main en-
gine (Min 0; Max 1 472) (Figure 24). Looking at the Sicilian small-
scale fishing segment, the average of the values decreases re-
spectively to 7.18 LOA (Min 3.50; Max 12), 1.96 GT (Min 1; Max 
13), and 23.21 kW (Min 0; Max 368) (figure 23), for a total of 3 
702 GT and 43 791 kW as compared to the overall fleet which 
counts 45 013 GT and 225 135 kW (Figure 25).

Figure 23.  Trend of the Sicilian fishing fleet in the decade 2008-2018 per number of 
vessels, tonnage (GT) and power (kW). Our elaboration of data of the Italian annual 
reports and the EU Fleet Register 2017-2018.

Figure 24.  Average value of 
the Sicilian fishing fleet in 
terms of Length Overall (LOA), 
Gross Tonnage (GT) and power 
of the main engine (kW). Our 
elaboration of data of the EU 
Fleet Register 2017-2018, up-
dated to 31 December 2018.
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The reconstruction of the marketing circuit of the fresh 
caught product coming from the practice of small-scale fish-
ing in Sicily, shows that the smaller fleets are oriented 
towards a local market, through direct sales or to the 
restaurants. Instead, fishers belonging to more conspicuous 
fleets use more complex distribution circuits, where there is a 
consistent presence of wholesalers and intermediaries.

The species caught in the sea during fishing trips are almost 
all marketed as fresh product. Only a small percentage (an-
chovies and bluefin tuna) is used in the processing activity.

The shortest path of the fresh seafood from the SSF follows 
a short distribution circuit, in which the product is sold direct-
ly on the quay, establishing a direct relationship between fish-
erman and consumer or, in the same way, at open-air fish 
markets where the fisherman has a sale banquet (Figure 26). 
The sale on the quay is however little practiced due to the lack 
of suitable port infrastructures. 

Figure 25.  Overall tonnage (GT) (A) and power (kW) (B) of the Sicilian fleet grouped per small-
-scale fishing segment and other fishing segments. Our elaboration of data of the EU Fleet 
Register 2017-2018, updated to 31 December 2018.
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Looking at the discontinuous line mark of the schema in the 
Annex 2, the same fisher can process the catch (e.g. prepara-
tions in oil or in salt) and then resell this through direct selling, 
without intermediaries. 

According to the same schema, following a longer path, the 
fisherman can also sell the catch to the restaurateurs, while a 
more intertwined one includes the presence of figures such as 
wholesalers and retailers. Important is also the function of the 
fish markets, where the product arrives through wholesalers 
and then is resold to other intermediaries, in this case seafood 
sale price changes based on the different types of market. In 
Annex 3 and Annex 4 the minimum and maximum sales prices 
€/kg are reported for two markets (“Pescheria”) in the city of 
Catania, respectively in Catania center and in Aci Trezza.

Figure 26.  Fishers of the Gulf of Catania during selling onboard their vessels, at the 
dock, or at the near open-air historical fish market. Source LIFE.
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Considering previous Table 1, the Sicilian SSF fleet include 
the P-05, P-06, P-09, P-10, L-01 segments, with a preva-
lence of the “Small-scale vessels with engine using pas-
sive gears” vessel group that uses a lot of different fishing 
gears of artisanal nature.

Below we describe the most recurring fishing gears and 
métiers in our investigation. More specifics of these gears are 
summarized in the Annex 13.

1) Trammel net. Its Italian name is “Tramaglio” or 
“Tremaglio”, it is a gillnet that can have different mesh 
sizes which are chosen by the fisher according to season and 
target species, consisting of three layers of netting with a 
small slack mesh inner netting between two layers of large 
mesh netting within which fish entangle (Figure 27). The net 
is kept vertical by floats on the headrope and by weights on 
the ground rope. It is typically employed as stationary gear 
at, or near to, the sea bottom, and fishermen haul it back 
by hand with the use of a hauler. Depending on the species to 
be caught, the mesh size varies from 6 to 12 cm and the net is 
left fixed in the sea for a few minutes (e.g. for mullet), or from 
sunset to sunrise (for most of the species), or even 2 days (in 
the case for targeting lobster). Among the main target species 
there are scorpion fishes, striped red mullets, cuttlefish, and 
common spiny lobster (Battaglia et al., 2010; Monaco et al., 
2019).

2) Artisanal longline (hooks and lines). Named also 
“Palangaro” or “Palamito” or “Conzo”, it is composed by 
connected lines, either set at the bottom or drifting, bear-
ing hundreds baited hooks which remain underwater from 
2 hours to 2 days (Figure 28). The hooks can be of different 
sizes, depending on the target species of the season, general-
ly with a diameter from 1 to 3 cm, a thickness of 1.5-2.5 mm, 
and various lengths of the stem. Lures (natural or artificial 
baits) placed on the hooks fixed to the end of a line, attract 
the fish which get caught and held by the mouth until they are 
hauled aboard the vessel by hand with the help of a hauler. 
Its main target species are porgies, European hake, blackspot 
seabream, common dolphinfish, little tunny (Battaglia et al., 
2010; Monaco et al., 2019).
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Figure 27.  A trammel net in which are visible its three layers of different mesh size.
Source LIFE.

Figure 28.  An artisanal Palangaro (longline) ready to be baited. Source LIFE.
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3) “Menaida” or “Menaide”. It is a traditional gillnet 
used in the Gulf of Catania which has a centuries-long 
history and still survives in very small niche. Its mesh size 
is adapted to capture exclusively the European anchovy 
or the sardine depending on the season (0.5 – 1.4 cm). It is 
deployed vertically in the water, near the surface or in 
midwater, like a wall of about 10 meters made by a string 
of single nylon netting in which fish will gill, drifting at the 
depth where the fishers identifies well enough dense an-
chovies schools (detection that occurs by experience, with 
depth sounder, visually, etc.). It is held by a series of floats 
on the upper line (headrope), and corks (5 for each meter) 
and weights on the ground-line (footrope) that are regulated 
each time basing on the depth at which thee is the fish school. 
Fishes, trying to pass through the net, are caught by their gills 
operculum in the net webbing and, trying to escape, loose a 
lot of blood, resulting a product more sweet and dainty. Af-
ter about 1 hour underwater, the net is brought on board by 
hand with a net hauler while other fishers free anchovies 
one by one, widening the mesh by means of a runner at 
the stern of the vessel (Figure 29) (Monaco et al., 2019). These 
specific operations mean that fishing with menaida requires 
the presence of several fishermen on board (4-6) who coordi-
nate themselves in the various phases of the fishing set.

Despite the small size of its mesh, the method in which this 
net is used makes it a highly selective gear capable of captur-
ing a single target species, otherwise it remains empty.

Figure 29.  Anchovies fishing with the “Menaida” in the Gulf of Catania. Source LIFE.
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4) Single wall. It is a single-layered gill net made of 
monofilament fibers to keep the visibility of the gear low. 
There are several variations with different mesh sizes de-
pending on the fishing target. This net is employed as 
stationary gear at, or near to, the sea bottom, and fisher-
men haul it back by hand with the use of a hauler. Fish that 
do not apparently see the gear, remain trapped under their 
gill cover (or operculum) or appendages. Main target species 
are bogue, cod, saddled, seabream, picarels (Battaglia et al., 
2010). A common single wall used is the “Monofilo” net (Fig-
ure 30), but different variants exist such as the “Palermita-
na”, the “Paurara” or the “Peloseta”.

5) “Totanara”. It is a gear for squids included among the 
métiers that require the use of lines and gillnets, being 
composed of a line at the end of which there is a bait with 
several hooked arms that can be baited (Figure 31). The gear 
is set and haul from the vessel with an electric winch to reach 
the greatest depths where a light source is activated to attract 
the flying squid which is its unique target species (figure 30). 

Figure 30.  Hake fishing with the “Monofilo” (a single wall net) in the Gulf of 
Catania. Source LIFE.
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No more than 3 lines are used simultaneously, each one with 
a single totanara (IT Dec. No. 22759 of 24 November 2017). 
The gear can catch only one squid at a time, which is why the 
fisherman repeats the set several times during the night, 
that is the typical preferred moment, even if recently some-
one has started to use it during the daylight too.

6) “Sciabichedda”. Named also “Sciabicheddu”, it is a 
boat seine of about 50 m of length and 4 m of height, used 
like an encircling net.  It is composed by nylon and ropes 
and it is very poorly ballasted to avoid the collection of mate-
rial from the bottom. Used at the sunrise or sunset in areas 
within 1.5 NM from the coast in correspondence of canyons 
that go beyond 300 m of depth. The mesh size of the central 
bag is about 2.5 cm with the aim to capture shrimps. Re-
duced meshes of 2-4 mm could be used for fishing the Med-
iterranean sand eel (Gymnammodytes cicerelus). The fisher 
hauls the net back with the use of a hauler.

Figure 31.  The totanara used in the Gulf of Catania for the flying squid fishing (A), and a fisherman using an 
electric winch to haul the gear (B). Source LIFE.
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7) Pot. It is a kind of small cage made in wicker, wire net-
ting, or plastic, having only one opening. It is usually set 
on the bottom, single or in strings connected to a line, 
with or without bait composed by pieces of fish, depend-
ing on the target species which can be crustaceans (i.e. lob-
ster, crabs, shrimps) or cephalopods as octopus. The pots are 
hauled either by hand or with a hauler when fishing in deep 
waters. The soaking time may last from a few hours to more 
days. Its Italian name is “Nassa”.
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Since cooperation is a synonym of transparency and com-
munication which can lead to more effective management 
and therefore create indirect benefits (Johnson & van Densen, 
2007), this pilot project was based on a cooperative and 
participative approach (Delville et al., 2000), where fishers 
were actors in their own right in step with scientists in order 
to make a statement on the situation of depredation and by-
catch in North-Eastern Sicily. 

Given the complexity of the subject, a multidisciplinary 
and systemic approach was also applied in order to better 
understand the single and composite incidence of different 
elements that can influence the occurrence of these events. In 
this framework, data collection and analysis were carried out 
considering three main components: a) ecological for all that 
concerns the environment, the species of dolphins involved 
in interactions with fishing, and the target species of the fish-
ing gears; b) socio-economic oriented to know the feelings of 
fishers and real losses in relation to the interference with the 
wild fauna; c) and technical for exploring the fishing effort 
and the peculiarities of the local fleet.

Investigations involved fishers and crews of vessels that 
comply with the criteria of fishing within 12 NM from the 
coast, be under 12 meters in length and use non-towed 
gear, and were based on specific survey sheets created to 
in-depth each component above. While interviews on the 
ground were made at the fleet of the entire study area, 
sailing activities were restricted to the Gulf of Catania. 
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Surveys at sea were conducted using the following 
equipment:

•	 A 7.20 m inflatable boat with a 150 cv Honda engine. 
In a few cases, a 12 m inflatable boat with three 250 cv 
engines.

•	 GPS Garmin eTrex 10.
•	 8x40 and 7x50 binoculars.
•	 Photo-camera Nikon Bridge P1000.
•	 Video-camera Sony FDR-AX53.
•	 Mini Rov – PowerRay Wizard.
•	 Transceiver radio.
•	 Meterstick.
•	 Smartphones with the Boating HD Navionics and 

WhatsApp Applications.
•	 Compact camera.
•	 Action camera.

Sessions for underwater passive acoustic monitoring 
required also the following instrumentation:

•	 AS-1 Aquarian Scientific Hydrophone with 30 m cable, 
sampling frequency 192 kHz.

•	 PA-4 low-noise and broadband Hydrophone Preamplifi-
er with P48 phantom power assembly.

•	 A/D conversion board and recorder. Behringer UM-
C204HD audio interface 2x4 / TASCAM DR-100MK3, with 
a 32 GB SD storage card.

•	 MIDI/USB a 24bit/192khz pre-amplifier MIDAS/phantom 
+48v. 

Data collected during the various step of the research were 
after analyzed with a computer using different software de-
pending on the information nature: Office and SPSS (Excel 
database, calculation and graphs); ArcGis 10.2.2 (mapping 
distribution and statistics); Audacity (Bioacoustics); DARWIN 
and FinFindR (Photo-IDentification).
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Among the methodologies for population study, the 
photographic identification and mark-recapture 
principles were followed using the visual method of Würsig 
& Würsig and the computer-assisted software packages 
(Stanley, 1995; Thompson et al., 2019).

The Photo-ID is a non-invasive method used to identify 
individuals over time and space based on natural signs. It is 
widely recognized to be applied on cetaceans whose easier 
features to identify are notches, scares and depigmentations 
accumulated in the dorsal fins. To be comparable, photos 
of the dolphins must have a high quality and be taken as 
perpendicularly as possible to their body axis. Natural signs 
are also used to apply the mark-recapture method in order to 
assess population size and structure, as well as distribution 
and particular patterns, taking advantage of the various 
photographic sessions in the time as recapture events of the 
individuals (Hammond, 2009).

In order to find out the most affecting parameters for 
depredation events, the Multiple Correspondence Analysis 
(MCA) method has been applied, which allows studying 
the association between two or more qualitative variables 
(Desbois, 2008; Le Roux and Rouanet, 2010). Accordingly, a 
list of quantitative variables and classes has been structured 
and crossed examining the different sightings of cetaceans 
recorded during depredation (Table 4).

Fishing effort was calculated as Catch Per Unit Effort (CPUE) 
expressed in weight of the catch and time of the fishing gear 
deployed underwater (Hinton and Maunder, 2004), and also by 
multiplying the tonnage by the average fishing days according 
to indications on the Reg. EC 2091/1998, and compared with 
values on the basis of the gear length or number of hooks 
and the time spent in fishing, following charts provided by the 
FAO and adapted to SSF (Table 5; Table 6).

The online surveys on interaction cases, addressed to all the 
fishers belonging also to other areas and fleets in addition to 
those of this study, were created using Google Forms.
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The field research was divided in many phases, some of 
which with a temporal overlap. For a better understanding, 
we distinguish the following main activities.

1.	 Face to face interviews to small-scale fishermen made by 
experienced samplers in the North-Eastern area of Sicily. 
July-October 2019.

2.	 Monitoring made by experienced observers during nor-
mal fishing activities onboard three Floating Laborato-
ries that are small-scale fishing vessels operating in the 
Gulf of Catania. August-September 2019.

3.	 Monitoring carried out by scientists with the sentry boat 
in the Gulf of Catania. July-October 2019.

4.	 Monitoring fulfilled by the network of the Floating 
Laboratories composed by the sentry boat and 10 small-
scale fishing vessels operating in the Gulf of Catania.  
July-October 2019.
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Table 4 Classification of the variables adapted to the case study for the Multiple Correspondence Analysis (MCA). Our 
elaboration.
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Table 5. Fishing effort measurement by fleet segment. Source FAO.
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Table 6. Fishing effort measurement by fishing gear. Source FAO.



62

Surveys at sea have been preceded by a territorial survey in 
order to select fishing vessels to be involved in the Floating 
Laboratories network. The selection followed these steps:

•	 Consultation of the local Port Authorities registers and 
the EU Fishing Fleet register to choose a stratified sam-
ple of active vessels belonging to small-scale fisheries 
operating in the coastal waters of the Gulf of Catania.

•	 Meetings with fishermen to inform them about the proj-
ect, verify their availability and subscribe an agreement 
for ensuring the mutual collaboration with the observers 
and the coordinator.

As summarized in the Table 7, final Floating Laboratories 
are homogeneously distributed in the North-Center-
South sections of the Gulf of Catania, respectively having as 
base port Aci Trezza, Catania and Brucoli. Each Floating Lab-
oratory represents one or more specific fishing gears among 
the tremaglio (trammel net), the menaida (drifting gillnet), the 
monofilo (single wall type net), the palangaro (longlines), and 
the totanara (gear for squids).

Table 7. Fishing vessels selected as Floating Laboratories in the Gulf of Catania. Numbers in 
blue indicates vessels having observers onboard.

Section Code Harbour Main fishing gear 

North 1 Aci Trezza Tremaglio (trammel net), totanara (gear for squids) 
2 Aci Trezza Palangaro (longlines) 

Center 

3 Catania Menaida (drifting single wall gillnet) 
4 Catania Menaida (drifting single wall gillnet) 
5 Catania Menaida (drifting single wall gillnet) 
6 Catania Menaida (drifting single wall gillnet) 

South 

7 Brucoli Monofilo (entangling single wall gillnet) 
8 Brucoli Tremaglio (trammel net), monofilo (single wall net) 
9 

Brucoli Tremaglio (trammel net), monofilo (single wall net), 
palangaro (longlines) 

10 Brucoli Tremaglio (trammel net), monofilo (single wall net) 
 

 

 No. of vessels Sample % 
North-Eastern SSF fleet in the Sicilian registers 780 3,8 
Operative SSF fleet in the study area 420 7,14 
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All the protocols, survey sheets, and databases used for 
the collection and analysis of data have been reviewed and 
shared with an international group of experts, belonging to 
the various partners of the project, in order to facilitate their 
standardization and replication in other areas. 

The main characteristics of the four main investigative activ-
ities are summarized below.

Face to face interviews
The study implied interviews with fishermen conducted 

by experienced samplers, based on a structured question-
naire including closed-ended and open-ended questions 
(Coll, 2014) about interaction cases. Since personal interview-
ing is thought to create more confidence between interview-
er and respondents, and ensure a better quality of record-
ed data (White et al., 2005), these surveys were conducted 
face-to-face. Moreover, according to Goetz (2014), timing of 
interviewing was adjusted to the seasonal and daily routine 
of the fisheries sampled in order to maximize the number of 
interviews for each sampling day.

As suggested by Moore et al. (2010), the interviews started 
explaining the purpose of the project and assuring the confi-
dentiality of the information provided.  Question and answer 
choices were simple, straightforward, worded unambiguous-
ly and took between 30-90 minutes depending on the avail-
ability and the talkativeness of the fisher.

Data about technical characteristics of the fishing fleet, 
catches, incidence of interaction with cetaceans, types of 
damage in case of depredation, losses and costs incurred, 
mitigation measures employed, etc. were collected on basis 
of the questionnaire in Annex 5. When the interviewee talked 
about aspects of his profession not covered in the question-
naire, he was not interrupted and the sampler continued to 
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take notes, so the order of the questions could vary in favor 
of a more colloquial interview. Interviewed fishers have been 
informed about the possibility to report the details of future 
interaction cases also filling in the additional permanent on-
line survey. 

The protocol used to choose and stratify the sample 
of fishers to be involved in the face to face interviews is ex-
plained in Annex 6.

Observation on the Floating Laboratories
Since the most accepted method to quantify catches and 

by-catch rates requires the involvement of independent 
observers on board fishing vessels (Moore, 2010), three 
samplers, each one on-board a small-scale fishing vessel se-
lected as Floating Laboratory , investigate the fishing effort, 
damages of depredation and by-catch events observing fish-
ing activities, recording the start/end time of gear setting/re-
trieval, assessing the integrity of the gears before their use 
and measure eventual following damages with a meterstick. 
Data on track, fishing area, number and duration of fishing 
trips, catch characteristics, etc. were also collected filling in a 
specific survey (Annex 7). The damage estimate was mainly 
based on the count of the holes in the nets, and on the clas-
sification of their size in small (0-30 cm), medium (31-80 cm), 
big (81-120 cm), and very big (> 120 cm).

Observation on the sentry boat

Monitoring with the inflatable boat used as sentinel, sail-
ing in the Gulf of Catania while the ten fishermen of the Float-
ing Laboratories network were doing their normal fishing ac-
tivities, was addressed to provide documentary evidence of 
the possible conflicts or by-catch events involving vulnerable 
species, and in general of the work of the local small-scale 
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fleet with video-photographic material.  Observations aimed 
at understanding the peculiarities, strengths, weaknesses and 
internal management modalities of the fleet and the differ-
ent existing métiers, and how they are impacted and respond 
to interaction with cetaceans. Recordings of the depredation 
cases had the objective to interpret the movements of the 
dolphins, the reason why they apply an opportunistic behav-
ior and the dynamics that define their actions towards the 
fishing gears. Environmental and bioacoustical data were also 
collected in order to find any existing relation between more 
parameters during sightings.

The importance of the Floating Laboratories network lies in 
the fact that the sentry boat benefits from real-time com-
munication with the ten fishing vessels, ready to alert re-
searchers if they spot dolphins or if these interact with their 
equipment. In this way, the probability of being able to docu-
ment the events of depredation increases and therefore also 
that of understanding how to mitigate them.

Generally, telephone or radio communications started at 
4:00 a.m. to give information about the position of the fishing 
set, and finished by 10:00 a.m. when surveys and fishing trips 
took end, except for the occasions in which surveys were car-
ried out completely in the evening hours (7:00 p.m. – 00:00 
a.m.) to follow the fishing with the totanara (gear for squids).

Observers onboard the sentry boat had to compile different 
survey charts depending on the events to sign: 

1.	 An observation survey during the entire monitoring (Annex 8)

2.	 A sighting survey in case of presence of cetaceans (Annex 9)

3.	 An interaction survey in case of cetaceans observed near a 
fishing gears (Annex 10)
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The monitoring protocol requires that sea activities have 
performed always respecting the following conditions.

•	 Before starting the official research activities, make one or 
more test surveys at sea.

•	 Each fisherman is able to communicate with the observers of 
the sentry boat by at least one method between radio and 
phone. 

•	 Good sea state (value ≤ 2 of the Douglas scale) and good visi-
bility settings.

•	 At least two observers and one skipper on-board the sentry 
boat. 

•	 At least one technician able to perform underwater passive 
acoustic monitoring on-board the sentry boat when doing 
bioacoustics sampling.

•	 At least one technician able to pilot the underwater drone on-
board the sentry boat.

•	 The sentry boat is large enough to accommodate all the sam-
plers and their instrumentation. 

•	 The sentry boat cruising speed going from a fishing vessel to 
another is low (≤ 6 knots), decreasing when approaching it 
during catch activity. It can accelerate to a high speed when 
receiving a real-time warning on interaction by a fishing vessel 
out of sight in order to reach it as soon as possible.

•	 The entire route of the sentry boat is automatically recorded 
through a GPS or a smartphone running the Boating HD App 
in order to be able to download waypoints and tracks for the 
next analyses.

•	 Samplers of the sentry boat collect data on naval traffic, fish-
ing activities, weather changes, sightings of cetaceans and 
other marine wildlife, and interaction events regularly, com-
pleting the specific observation sheets.

•	 When observing cases of interaction between cetaceans and 
fisheries, the samplers of the sentry boat activate all their re-
cording devices in proximity of the interaction scene, without 
disturbing fishing activities. During the observation of the in-
teraction, the motor of the sentry boat is stopped or used only 
for little movements necessary for recording data and to ap-
ply correct maneuvers at sea.  
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Acoustic monitoring activities were performed by record-
ing sounds from cetacean species engaged in predatory and 
depredatory behavior on fishing nets. The protocol for acous-
tic data acquisition consisted in the use of a hydrophone de-
ployed at a depth of about 6 m, and of the related acquisition 
chain composed by preamplifier – AD/c board – portable re-
corder in fixed configuration mode. During each sighting, the 
recording session started shortly after the photo-identifica-
tion of the animals, in order to initially assess the presence 
and to visually confirm the species sighted. Acoustic (.wav) 
files were recorded continuously at sampling frequency of 
192 kHz. In order to assess the presence of the animals during 
fishing operations, recordings were acquired whenever the 
boat stopped in proximity of the different fishing vessels and 
the acoustic acquisition continued for the entire duration of 
the sighting and of the fishing operations. During each event, 
recordings were monitored in real time by the operator 
on board the research sentry boat, by using headphones 
connected to the digital recorder. This procedure allowed the 
instantaneous verification of the animal presence when they 
were engaged in underwater activities such as predation on 
fishing nets or they were swimming in proximity to the fishing 
vessels and gears.  

Other information from the Floating 
Laboratories network

The fishermen had the task of compiling daily a register 
(Annex 11) in which to write general information about their 
fishing trip (i.e. date, time, number of operators on board) 
and, for each fishing set, data on times, type of gear used and 
its location, species and quantities of catches, presence and 
number of dolphins, and any damage suffered or by-catch 
events.
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Before to process the research data, about 1 000 paper 
surveys were manually converted in 12 digital thematic 
databases containing over 160 000 records, in order to or-
ganize and prepare the datasets for the following analysis. 
Also, new databases have been created and GPS routes has 
been converted to be uploaded in a GIS environment as well.

Face to face interviews happened in all the seven focal 
zones of the study area (Figure 18, chap. 5) involving 10 fish-
ers in the North part and 20 in the Eastern, representing 7% 
of the total small-scale fisheries active in the area (Table 8), 
having 6 main recurring fishing licenses from North to South: 
longlines (27%), single wall nets (27%), trammels (21%), pots 
(11%); encircling nets (8%), and gears for squids (6%) (Figure 
32).

Table 8.  Structure of the sample of interviewed in North-Eastern Sicily per number of vessels 
rate. Our elaboration.

Figure 32.  Structure of the sample of interviewed in North-Eastern 
Sicily per number and type of fishing gear. Our elaboration.

Section Code Harbour Main fishing gear 

North 1 Aci Trezza Tremaglio (trammel net), totanara (gear for squids) 
2 Aci Trezza Palangaro (longlines) 

Center 

3 Catania Menaida (drifting single wall gillnet) 
4 Catania Menaida (drifting single wall gillnet) 
5 Catania Menaida (drifting single wall gillnet) 
6 Catania Menaida (drifting single wall gillnet) 

South 

7 Brucoli Monofilo (entangling single wall gillnet) 
8 Brucoli Tremaglio (trammel net), monofilo (single wall net) 
9 

Brucoli Tremaglio (trammel net), monofilo (single wall net), 
palangaro (longlines) 

10 Brucoli Tremaglio (trammel net), monofilo (single wall net) 
 

 

 No. of vessels Sample % 
North-Eastern SSF fleet in the Sicilian registers 780 3,8 
Operative SSF fleet in the study area 420 7,14 
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Looking only at the sample of the East zone, each fishing 
vessel have a minimum of 4 and a maximum of 12 licenses, 
with an average of 5.5 licenses per boat (Figure 33) where the 
presence of set longlines and gillnets prevails, followed by 
driftnets like the menaida gear, trammels and other gears of 
minoritary use (harpoon, fyke nets, etc.) (Figure 34). However, 
a minor use of polyvalence must be considered as each 
fishing vessel uses less than half of the gears for which it 
is authorized. 

The total time spent at sea for the project amounts at 
1 721 hours, covering over 6 000 Nautical Miles (NM) and 
395 fishing sets (Table 9). In particular, observation effort ac-
complished by samplers on-board the three Floating Labo-
ratories includes 45 surveys for more than 150 sailing hours 
and 431 NM (Table 10). Incomplete paper forms were not 
considered for the analysis. 

Surveys carried out by the sentry boat while the ten Floating 
Laboratories were fishing are 37 and covered over 1 000 NM 
during 182 hours of observation (Figure 35). Interesting is to 
note that while the fleets in the North and in the South part 
of the Gulf of Catania exploit nearby areas, fishers of Catania 
(central zone) act in the whole Gulf, making also long displace-
ments even if remaining close to the coast and so covering 
distances four times longer (Annex 12).

Figure 33.  Statistics of the number of licenses owned per fishing vessel of the 
sample belonging to the SSF fleet in East Sicily. Our elaboration.
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Figure 34.  Statistics of the number of licenses per gear type owned by the sample belonging to the 
SSF fleet in East Sicily. Our elaboration.

Table 9. Specifics of the observation effort made by the network of the Floating 
Laboratories (FLs) programme. Our elaboration.

Table 10. Nautical miles covered by the three observers on-board the three 
Floating Laboratories (FLs) in the Gulf of Catania. Our elaboration.
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taken (over 100 GB storage) and then sorted by day, boat and 
other categories such as nets, harbors, and events like by-
catch and other interactions with vulnerable species.

Photos and videos on fishing operations were shared via 
Google photos with the fishers. Shots of dolphins having the 
right requirements were used for the Photo-ID analysis.

Acoustic data were analyzed by experts in bioacoustics by 
looking at the spectrograms and simultaneously listening to 
the acquired recordings by means of the open source soft-
ware Audacity. The presence of the different sound categories 
was studied in relation with each performed survey. In partic-
ular, the occurrence of impulsive echolocation clicks and ton-
al sounds, according to each species acoustic repertoire, was 
investigated and recorded in an ad-hoc work folder by using 
Microsoft Office Excel program. In addition, the occurrence of 
sounds specifically related to feeding activities and predation 
was studied for all recorded species.

Figure 35.  Observation effort made by the network of the Floating Laboratories programme. 
Our elaboration.
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Interviews to fishers permitted to have a clearer image of 
the local fleet. Starting from technical characteristics, the 
sample of Eastern Sicily counts a total tonnage of 60 GT (μ= 
3.25; σ= 2,4468) (Figure 36) with a power of 788.23 kW (μ= 
43.79; σ= 29.718) (Figure 37), and it is composed by vessels 
having an average of 9.3 meters (σ= 1.98868) (Figure 38) and 
37.75 years old (σ= 18.719) (Figure 39).

5.1. Rising characteristics of the local fleet

Figure 36.  Gross tonnage of the fleet involved in the interviews (Eastern Sicily, 
2019). Our elaboration.

Figure 37.  Main power of the fleet involved in the interviews (Eastern Sicily, 
2019). Our elaboration.
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Figure 38. Length overall of the fishing vessels belonging to the fleet involved in 
the interviews (Eastern Sicily, 2019). Our elaboration.

Figure 39  Age of the fishing vessels belonging to the fleet involved in the 
interviews (Eastern Sicily, 2019). Our elaboration.
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All the fishing vessels belong to the “MFL - Pesca Cost-
iera Locale (001)” segment and are authorized to oper-
ate within 3 or 6 NM from the coast. However, normally 
they move away from their harbor of origin until 10 NM but 
remaining inside 3 NM offshore. Instead, the fishing vessels 
belonging to the North zone, although they have similar tech-
nical characteristics, almost the entire fleet is enabled and go 
until 12 NM from the coast. This is largely due to the environ-
ment because most of the North fleet fishes around the Aeoli-
an Islands. In particular, since the first island is at about 10-12 
nautical miles from the Sicilian coast, fishers take advantage 
of the proximity of the two coasts to always be not too far 
from one coast or the other, and can use the entire Aeolian 
archipelago as a large port.

Differences between the North and East areas can be also 
found in the diverse polyvalence of the fishing units, with the 
prevalence of the use of longlines, pots and encircling gears 
in the Aeolian area, and greater use of single wall nets and 
trammel nets in the remaining zones.

Fishing depends by weather conditions in both the areas, so 
that fishers spend about 200-300 days at sea in one year, 
depending on the size of the vessels and composition of the 
crew. Most of the fishing gears are used all year round, many 
métiers share the same technique and change only the mesh 
size of the nets during the seasons. Favorite times of the ac-
tivities are at sunrise and sunset.

Looking at the different fishing gears, materials of which 
the nets are composed are nylon, cork, leads and floats. Only 
in the Aeolian area is possible to find some net made in cot-
ton yet as many years ago in the rest of Sicily.

Regarding longlines, natural lures used are pilchard, fly-
ing squid, living cuttlefish, sardinella sp., sprat, squid, Atlantic 
mackerel, shrimp, and octopus. Sardinella and pilchard could 
be used together with artificial baits. Mediterranean moray is 
used also for the totanara (gear for squids).
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Characteristics of the main métiers active in the study 
area are summarized in Annex 13. Minimum and maxi-
mum values of the mesh size indicated in the table shows 
that, depending on the season, gears such as single wall net 
and trammel net can be distinguished in different métiers ac-
cording to their target species, consequently, also the sales 
prices change.

Among the more selective gears we highlight two that have a 
unique target species: the “Menaida” for fishing the European 
anchovy (Engraulis encrasicolus) or the European Pilchard, the 
“Totanara” for fishing the European flying squid (Todarodes 
sagittatus). In particular, the ability of the menaida to catch 
the same species in all seasons lies in the fact that its meshes 
are adapted during the year to the size of growth of the spec-
imens (Table 11).

Moreover, the Aeolian pots used to fish the Octopus, and 
the “Schiabichella” net used for the deep-water rose shrimp 
have a very low rate of non-target species. To note that the 
latter gear represents a unique fishing technique for shrimps, 
practiced only in a very restricted area of the Gulf of Catania, 
where a canyon is present near the coast. Reducing the mesh 
size, the sciabichella is recently used in the experimental fish-
ing of the Mediterranean sand eel (Gymnammodytes cicerelus) 
for the definition of a plan for the sustainable exploitation of 
fish species in the Sicilian waters.

Table 11.  Conversion to measure mesh size 
in the menaida net, where the mesh size is 
attributed by a number which indicates how 
many knots are in 25 cm. Generally, size 
from 18 (largest) to 30 (smallest) are used, 
including no. 19, 20, 22, 24, 25, 26, 27, 28. 
For example, the 27-28 are used in winter, 
when smaller anchovies are taken. Our 
elaboration.
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Finally, also other métiers belonging to the single wall net 
type are mono target species: this is the case of the “Monofi-
lo” for picarel, the “Paurara” for red porgy, and the “Palermi-
tana” for a limited number of bluefish, that are used only in 
short periods of the year.

Considering the entire investigated fleet, the interviews and 
the direct observations permitted to assess the capture of 98 
seafood species distributed among 10 main categories of 
fishing gears, where a single species is catch by no more than 
3 different gears (Figure 40; Annex 14). The highest number 
of target species for the monofilo (single wall net), tremaglio 
(trammel net), and palangaro (longline) gears are due to the 
fact that they include different similar métiers, each one hav-
ing a few target species captured in low quantity. For example, 
the palangaro includes different longlines having the lines of 
the main arm and of the little arms of different lengths, and 
hooks of different sizes; the monofilo includes many single 
wall nets of different mesh sizes; and the tremaglio includes 
many trammels of different mesh sizes.

Annual variations of the sale prices are resume in Table 12 
reporting the most marketed species. The figures change not 
only according to the season but also to the port of landing 
considered.

Figure 40. Number of species that can be catch by the different fishing gears 
used in North-Eastern Sicily. Our elaboration.

 

 

Common name Scientific name Price €/kg 

Albacore Thunnus alalunga 3-5 

Atlantic bonito Sarda sarda 4-5 

Barracuda Sphyraena sp. 5 

Common cuttlefish Sepia officinalis 8-20 

Common dolphinfish Coryphaena hippurus 10 

Common pandora Pagellus erythrinus 8-10 

Deep-water rose shrimp Parapenaeus longirostris 7-10 

Dusky grouper Epinephelus marginatus 8-10 
European anchovy Engraulis encrasicolus 0-14 

European flying squid Todarodes sagittatus 5-15 

European hake/Cod Merluccius merluccius 10-20 

European seabass  Dicentrarchus labrax  12 

Forkbeard  Phycis phycis 10-15 

Frigate tuna Auxis thazard 2 

Giant red shrimp Aristaeomorpha foliacea 15 

Greater amberjack Seriola dumerili 10 

Little tunny Euthynnus alletteratus 3-5 

Lobster Palinurus sp. 25-50 

Mackerel Scomber scombrus 5-10 

Octopus Octopus vulgaris 10 

Painted comber Serranus scriba 5 

Parrotfish Sparisoma cretense 5 

Red mullet Mullus barbatus barbatus 5-20 

Red scorpionfish Scorpaena scrofa 12-13 

Seabream Diplodus sp. 10 

Shi drum Umbrina cirrosa 10 

Stargazer Uranoscopus scaber 10 
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Table 12.  Annual variations of the sale prices of the most marketed species by the investigated fleet. Our elaboration.

 

 

Common name Scientific name Price €/kg 

Albacore Thunnus alalunga 3-5 

Atlantic bonito Sarda sarda 4-5 

Barracuda Sphyraena sp. 5 

Common cuttlefish Sepia officinalis 8-20 

Common dolphinfish Coryphaena hippurus 10 

Common pandora Pagellus erythrinus 8-10 

Deep-water rose shrimp Parapenaeus longirostris 7-10 

Dusky grouper Epinephelus marginatus 8-10 
European anchovy Engraulis encrasicolus 0-14 

European flying squid Todarodes sagittatus 5-15 

European hake/Cod Merluccius merluccius 10-20 

European seabass  Dicentrarchus labrax  12 

Forkbeard  Phycis phycis 10-15 

Frigate tuna Auxis thazard 2 

Giant red shrimp Aristaeomorpha foliacea 15 

Greater amberjack Seriola dumerili 10 

Little tunny Euthynnus alletteratus 3-5 

Lobster Palinurus sp. 25-50 

Mackerel Scomber scombrus 5-10 

Octopus Octopus vulgaris 10 

Painted comber Serranus scriba 5 

Parrotfish Sparisoma cretense 5 

Red mullet Mullus barbatus barbatus 5-20 

Red scorpionfish Scorpaena scrofa 12-13 

Seabream Diplodus sp. 10 

Shi drum Umbrina cirrosa 10 

Stargazer Uranoscopus scaber 10 
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Fishers’ perceptions about the presence of dolphins and the 
damage they cause to fishing gears and catches, show geo-
graphical differences according to which 80% of fishermen 
from the northern ports (8) consider that interaction cases 
with these animals are increasing in the last 5 years. Only the 
55% (11) of the Eastern coast until the southernmost ports 
have the same opinion, while the remaining interviewed (9) 
are divided between the convictions that the phenomenon 
is stable or decreasing. Moreover, fishers of the Eastern area 
report an increasing in depredation caused by sharks.

Despite the widespread belief about the ubiquitous pres-
ence of dolphins, the face to face interviews allowed to 
identify 14 focal areas more susceptible to cases of ce-
tacean-fishing interaction where negative interaction oc-
curred and therefore causing damage to fishing. Indeed the 
greater rate of depredation by dolphin is focused in the Ae-
olian area, in the center part of the East Sicily, and in the ex-
treme South as showed in Figure 41.

5.2. Preliminary information on depredation 
and by-catch cases

Figure 41. Areas (red stars) with high rate of depredation by dolphin in North-
Eastern Sicily (based on face to face interviews). Our elaboration with Google Earth.
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In fact, analyzing answers of the interviewed fishers and basing on 
the direct observations onboard the Floating Laboratories, all gears, al-
though in different ways and degrees, are affected by depredation 
caused by dolphins, sharks and other large fish, except the sciab-
ichella (little encircling net) and the nasse (pots). Instead, only the 
monofilo, tremaglio e palangaro appear to be responsible of by-catch of 
seafood catalogued as non-target species, indeed, in rare cases these 
gears catch sharks and tuna (Table 13). 

In particular, onboard the floating labs using gears close to the sea 
bottom, has been observed the catch of benthos such as starfish, 
sea urchins, invertebrates, and parts of coralligenous (i.e. Stylocidaris 
affinis, Myriapora truncata, Centrostephanus longispinus, Pennatulacea 
sp., Ophiothrix fragilis, Astropecten irregularis, Medorippe lanata, Pleuro-
branchus testudinarius, Filograna sp., Sphaerechinus granularis, Ophidias-
ter ophidianus). Furthermore, the monofilo used in the South part of 
the Gulf of Catania caused in summer the by-catch of one specimen of 
the alien species Blunthead puffer (Sphoeroides pachygaster) and of 22 
Smooth-hound (Mustelus mustelus) of various size (Figure 42) during 7 
different fishing trips (11% of the total catches on 15 fishing trips), that 
is a vulnerable species.

Table 13.  Gear categories per group of species involved in depredation and by-catch events. 
“N” indicates “No species”; “Rare” indicates that one or a few cases of by-catch occurred in 
the entire experience of the interviewed fishers. Our elaboration.
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Figure 42.  Specimens of Smooth-
hound (Mustelus mustelus) caught in 
the Southern Gulf of Catania, Brucoli 
place, with the monofilo gear. Source 
LIFE.
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Depending on the size and if alive, fishers decide to keep 
and sell the Smooth-hounds or to reject them in the sea; in 
any case, rejected animals have not many chances to survive 
due to the suffered shock linked to fast changes of depth and 
traumas of the entanglement. In some cases, the monofilo 
could capture Bluefin tuna (3% of the monofilo catches in 
the Brucoli area), those longer than 115 cm, with consequent 
problem of having to discard them, due to not having quota.

Although no by-catch of cetaceans has been observed 
in this study, analyzing the photos of striped dolphins and 
bottlenose dolphins of the Gulf filed by the MareCamp asso-
ciation, some individuals of cetaceans present evidence of 
surviving prior fishery interaction, especially with fishing 
lines, suggesting that depredation is a behavior that could 
put at risk the individuals who practice it. Figure 43 and Fig-
ure 44 show the injured peduncle of some dolphins probably 
survived to the interaction with a palangaro in the Gulf of Cat-
ania.

Evidence of by-catch events is also verified through 
strandings reported by local associations from North-East 
(Aeolian Islands, Capo Milazzo) to East and South-East Sicily 
(Catania, Ognina di Catania, Siracusa, Pozzallo, Ragusa). Fig-
ure 45 shows a collection of photos of injured cetaceans like 
Sperm whale (Physeter macrocephalus) and Striped dolphin 
(Stenella coeruleoalba) having the cut tail, nets tangled in the 
peduncle, or signs of harpoon (a). Other stranded vulnerable 
species like Loggerhead sea turtles (Caretta caretta) pres-
ents hooks in its mouth and in the cloaca, lines around their 
fins and neck, or nets tangled to their body; seabirds as Sco-
poli’s shearwater (Calonectris diomedea) show to have ingest-
ed hooks and lines;  sharks as Bluntnose sixgill (Hexanchus 
griseus) and Shortfin Mako (Isurus oxyrinchus) probably got 
trapped in tuna longlines (b).
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However, although for cetaceans and sea turtles there are 
the dedicated national databases mentioned in chapter 3, 
which include part of the known strandings in Italy, for the 
other species no shared system capable of regularly quan-
tifying any cases of shark and seabird by-catch is available, 
therefore it is not possible to make a precise estimation of the 
real frequency of these cases. 

The entire studied fleet agree with the perception that 
so far no effective solution to solve the depredation prob-
lem exists. Some of them (26%; 8) have experienced the 
use of pingers without results, or with a reduction of the 
interaction cases only for the first few months, or even 
having a “call” effect. Some admit that they occasionally 
used bombs, guns, and nails in the lures in the past; other 
fishers of the Gulf of Catania think that many years before, 
when the fishing with the “Spadara” gear (today an illegal 
driftnet) was allowed, dolphin interaction was lower because, 
closing the Gulf with this net, it kept cetaceans further from 
the coast and also resized populations by capturing several 
dolphins per year as by-catch.

All the fishers declare to be available to participate in 
the experimentation of new devices aimed at mitigating 
interaction events with marine wild fauna. Moreover, 
they express their interest to participate in the on-line 
voluntary survey launched by LIFE.

The territorial investigation showed that 45% of the 
fishing trips made in one year are affected by negative 
interactions with cetaceans. All the involved métiers high-
light the happening of depredation events so that, while in 
the North area are visible though bite marks on the catch, in 
the remaining zones frequent are also the head of the eat-
en fish left on the net. 40% of the interviewed in the Eastern 
side said also that dolphins cause scattering of fish schools, 
especially during the setting phase of the gears. Longliners of 
the East area report also depredation of lures when they set 
down the gear into the water.
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Figure 43.  A bottlenose dolphin in the Gulf of Catania with an injured peduncle, survived to the 
interaction with a longline. Source MareCamp.

Figure 44. A striped dolphin in the Gulf of Catania with an injured peduncle, 
survived to the interaction with a longline. Source MareCamp.
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Figure 45.  Strandings compatible with by-catch events of cetacean (a) and 
other vulnerable species (b) along the coasts of East Sicily, reported by local 
associations (2016-2020). Sources WWF Sicily (O. Prato), MareCamp, MuMa 
(C. Isgrò), Jonio ProDive.

a

b
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Regarding the holes generated in the nets, 30% are of me-
dium size (31-80 cm) and can be more than 30 in a unique 
gear per set. However, in certain cases, a low number of very 
big (>120cm) holes could cause a greater damage. In fact, a 
unique conflict with dolphin can cause a 60% average dam-
age of the net, which in particular cases is extended to the 
total destruction of the gear (Figure 46). 

Depending on the damage, the repair of the nets can take 
from 2 to 10 days for 1-4 fishers, the preparation of a new 
longline can take up to 3 days. However, even in the case of 
gears that cannot be used immediately, the vessels that have 
suffered a conflict do not give up fishing days but continues 
their activity by using another gear until the damaged one is 
repaired or bought again.

The costs that a captain has to bear for a fishing trip, 
even when it fails due to conflicts with marine wildlife, are: 
fuel and maintenance of the boat, sailors’ salary, purchase of 
ice to maintain fresh the catch, salary for the days passed re-
pairing the damage and, in case of longlines, purchase of the 
natural lures (Table 14).

Table 14.  Costs in € of one fishing trip carried out in North-Eastern Sicily by SSF. Our elaboration.
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However, fishers often tend to ignore the time spent repair-
ing gear when counting expenses, as they consider it a nor-
mal fisherman routine. In addition, in case of a failure fishing 
trip without catch, 70% of the gillnetters adopt the “alla parte” 
system according to which the crew members do not have a 
fixed salary, but divide the revenue of the day among all. This 
means that in case of loss of the catch due to interaction with 
cetaceans, the whole crew does not earn anything and the 
captain has to support only the basic expenses of the fishing 
boat and the gears used that corresponds at about 46% of the 
total normal expenses in one day, excluding eventual costs to 
purchase a new fishing gear, and the failure of the capture.

Considering the repair costs, fishers can decide to buy all the 
raw materials, or to recover elements as floats and weights 
from old damaged nets. However, a new fishing gear can 
have different prices also basing on the quality of the materi-
als, in fact, complete nets for the same métier can cost from € 
1 500 to 5 000.

While sometimes the monofilo and the tremaglio nets are 
used even if slightly damaged, albeit implicating 35% of reduc-
tion in the potential caught, the same cannot be done for the 
menaida because the type of fishing requires that the net is 
fairly intact, otherwise the anchovies “see” the net and are not 
fished. Placing an already damaged gear into the sea, howev-
er, increases the risk that the damage will be aggravated. 

Depending on the damage present on the fishing gear, it 
is possible to recognize the guilty species. In general, single 
small holes are made by crabs, octopuses, and moray 
eels. In the case of larger tears, dolphins or sharks are 
the responsible.
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Figure 46.  Damages caused by dolphins on menaida (A), monofilo (B, C), and two type of tremaglio (D, E, F). 
Source LIFE. 
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The different fleets agree that also the signs left by shark 
and dolphins are different. Mainly, dolphins act in areas 
closer to the coast, they cause missing meshes, pinched 
net and thread pulled in the nets and they are the only 
ones responsible for leaving the fish head in the gear. On 
the other side, sharks produce not more than one hole and 
cause missing of entire pieces of the net, they make larger 
bites with tears and can also damage the rope.

In the case of longlines, when the depredation takes place, 
hooks are bended and the entire secondary line arm is dam-
aged both by dolphins and by sharks, but with different signs 
leaved on the catch.

According to the descriptions made by fishermen, among 
dolphins the main species at fault of depredation is the bot-
tlenose dolphin, while only 20% of the damage seems to be 
attributable to the striped dolphin. Several descriptions of 
the species most inclined to intervene during the fishing for 
squid, suggest it could be the Risso’s dolphin.

Different data emerge between the North and the East area 
because in the first one dolphins use to interact in herds com-
posed up of about 10 individuals. Instead, in the second they 
can act either individually or in small groups of 3, or in pods 
of up to 20 specimens.

Finally, some fishers of the Gulf of Catania, basing on an-
cient experiences using pingers, think that the dolphins resi-
dent in that area are habituated to a high noise mainly due to 
maritime traffic so they are not affected by dissuasive pulses 
emitted by the devices.
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Considering the data so far exposed, taking into account the 
overall tonnage of the sample involved for this study in East-
ern Sicily, and that the average fishing days in one year in the 
area is about 250, we can say that the general fishing effort 
of the investigated fleet is equal to 15 000 (GT*fishing days 
average).

Looking in more details at the effort implemented by the 
10 floating laboratories during the 37 experimental fish-
ing trips, a total of 1 500 hours has been passed at sea, 
with an average of 5 hours per day per boat (Table 15).

The time spent in the water by the fishing gears is about 
2 hours and half per set, for a total of 1 122 hours in the 
trial period, but in some days, in case of detection of the 
presence of dolphins, can be also null because of the imme-
diate haul up of the net onboard in order to avoid incurring 
damage (Table 16).

Total landings reported in the fishers’ registers amount 
to 5 834 kg of which 3 656 are anchovies, with catch per 
vessel and set generally not exceeding 13 kg (Table 17).

5.3. Fishing effort of SSFs in the Gulf of Catania

Table 15. Hours at sea per fishing trip passed by the 10 Floating Laboratories 
during the 37 trials days in the Gulf of Catania. Our elaboration.
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Distinguishing the 395 analyzed sets per fishing gear, the 
most productive gear appears to be the menaida, capable 
to catch a major quantity of fish, small pelagics in this 
case, for the same amount of time deployed in the wa-
ter rather than other gears that catch other type of species. 
This gear is that which also requires the minor time to be de-
ployed and hauled, but it need to be managed by a higher 
number of sailors (4-6).  Indeed, the tremaglio appear to be 
the fishing gear that necessitates to remain underwater 
the highest amount of time in order to be capable to catch 
a good amount of fish (Table 18). However, this and the other 
remaining gears can be used by just 1 or 2 fishers.

Also, it is to note that while fishing trips with the tremaglio 
and the palangaro are characterized by 1 set, those with 
the other gears can count many sets in the same trip 
depending on the result of the first set, generally they are 
1-3 for the menaida and the monofilo, and more than 10 for 
the totanara.

Table 16. Duration of fishing sets made by the 10 Floating Laboratories during the 37 trials days 
in the Gulf of Catania. Our elaboration.

Table 17. Total catches per set of the 10 Floating Laboratories during the 37 trials days in the 
Gulf of Catania. Our elaboration.
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Regarding the spatial distribution of the fleet studied in the 
Gulf, the area in front of Catania appear to be favorite by ves-
sels using the menaida. All types of nets remain within the 
bathymetric depths of -100 meters and are concentrated 
near their ports of origin, while longlines is the gear used 
more offshore, also in correspondence of high deep up to 
-3000 meters (Annex 15).

Analyzing the capability of the different fishing gears to cap-
ture one or more species, it is possible to see that the mono-
specific gears keep on depths between -50 and -100 meters, 
while the multispecific ones fish on both greater and lesser 
depths. There are no major overlaps between the areas of 
action of different gears, moreover, a non-exploited zone 
appears to be at the mouth of the Simeto river (Annex 16).

Table 18. Fishing trips during the 37 trials days in the Gulf of Catania, analyzed by time 
required for sets expressed in hours, and quantity of catches in kg. Our elaboration.
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The Hot Spot Analysis (Getis-Ord Gi) applied to the fishing 
effort recorded, permitted to identify statistically significant 
spatial clusters of high values related to the time during which 
gears are set underwater to catch (Annex 17), and the kg of 
captured seafood for each set (Annex 18). Results show that 
the areas most exploited in terms of time fall in the far 
North and in the far South of the Gulf, and cover all the ba-
thymetries. Despite this, the area that provides the highest 
amount of landings is the central part of the Gulf. Howev-
er, it must be considered that the different effort depends on 
the gear used and of its target species.

Using a Kernel density function to calculate the magni-
tude-per-unit area from the points of each set, fishing effort 
in terms of time show a major incidence near the MPA of 
the Ciclops Island (Aci Trezza) and offshore the harbours 
of Catania and Ognina di Catania, and a medium occur-
rence in correspondence of the end of the Gulf in the South 
(Brucoli bay) (Annex 19). 

In terms of quantity of catches, the exploited area of action 
appears rather homogeneous, with higher values off the 
coast of Catania and corresponding to the catches of the 
menaida gear (Annex 20). However, by changing the reading 
scale, it is possible to look to more details that show several 
small areas more exploited in the North and in the South of 
the Gulf, which do not always correspond to the areas where 
fishing gear remains for longer (Annex 21).

By comparing these overall data with those collected only 
by observers onboard the floating laboratories, also in this 
case it can be noted that the longest sets are concentrated 
in the North of Aci Trezza, medium times are highlighted off 
the coast of Brucoli, and low times near the coast of Catania 
(Annex 22).

On a total of 93 sets supervised by the observers on the 
Floating Laboratories, considering the biomass landed in kg 
per 100 m of net, the mean CPUE for the three first groups of 
species most fished with the correspondent métiers are: an-
chovies and sardines (menaida) 224.2 (μ 5.38; σ 5.957); hake, 
sparidae etc. (monofilo) 5,97 (μ 0.994; σ 0,406); surmullets 
etc. (tremaglio) 0.835 (μ 35,92; σ 0.974). The sale of this prod-
uct generates a total income of 9 531 € of which 6 622 € 
coming from fishing with menaida, followed by monofilo (2 
349 €) and tremaglio (560 €) (Figure 47).
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The framework outlined so far shows how different fish-
ing strategies are applied within the same small fleet. In fact, 
those who use nets for multiple target species usually limit 
themselves to operating in waters very close to their home 
port, almost always exploiting the same narrow restricted 
area. Those who exploit a single species are instead led to 
follow its distribution in the Gulf, therefore the smaller 
boats continue to fish in nearby waters with the risk of 
not fishing anything in some periods; larger vessels make 
longer trips, increasing management costs but having 
greater catch possibilities. However, even in the case of 
fishing boats that go from one side of the Gulf to another in 
search of large quantities, fruitless days occur in which not 
only fishing sets are unsuccessful, but fishers have to deal 
with more expenses.

Figure 47. Mean CPUE and standard error of the three main investigated métiers of the Floating 
Laboratories programme calculated as kilograms per 100 m of net, and estimated income from 
the sale of their catches. Our elaboration.
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Another aspect to consider is the sale, as the first crew to 
land and arrive at the fish shop have the possibility of deter-
mining the price of the catch and can sell it all. On the contra-
ry, those who capture more fish are not always advantaged 
because they spend more time hauling the gear on board and 
when they come back to the port risk the devaluation of their 
product or they fail to sell it all.

Interesting would be to investigate those areas of the Gulf 
apparently not exploited, as well as with a lower incidence of 
interaction between fishing and cetaceans, maybe because of 
peculiar environmental characteristics or of the presence of 
other type of activities not here investigated,  and which could 
be potential areas for small-scale fishing.

During the trial period a total of 45 depredation events 
occurred, which represents 60% of the 50 fishing days in-
vestigated, having in the majority of the cases the bottlenose 
dolphin (Tursiops truncatus) species as responsible, followed 
by the sperm whale (Physeter macrocephalus), while data 
from fisher’s registers reported many not identified dolphins 
which could be the striped dolphin (Stenella coeruleoalba) or 
the bottlenose dolphin. Also, in 6 cases the striped dolphin 
was observed but without any type of interaction with fishing 
activities. This percentage is close to that risen up from the 
territorial investigation according to which negative interac-
tions with cetaceans interested about 45% of the fishing trips 
in one year.

Considering data coming from the fishers’ registers, no by-
catch of cetacean happened. Indeed, depredation events 
took place in every area of the Gulf where fishing activi-
ties are carried out (Annex 23). Reports on cetacean-fishing 
interaction have also been collected from areas bordering the 
Gulf.

5.4. Catch depredation operated by dolphins: 
incidence factors and consequences
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The effects of the depredation events

The most affected gear is the monofilo (single wall type 
net) which presents a very low CPUE in case of conflicts with 
dolphins. Its value calculated during this fishing trial is 30.2 in 
days without interaction, and 5.9 in case of conflicts, which is 
only 20% of the normal CPUE (Figure 48).

The main observed negative effects of dolphins applying an 
opportunistic feeding behavior on the gears of the Floating 
Laboratories confirm those reported during the interviews 
and are: damage to nets in the form of holes torn while 
dolphins attempt to remove the captured fish; damage to 
longline hooks while dolphins pull and eat the captured 
catch; reduction in the amount or value of the catch be-
cause of the mutilation or removal of the caught or of the 
lures from the gear, caused by dolphins; reduction in the 
quantity of catch due to scattering of the preys because 
of the presence of dolphins hunting in the vicinity of the 
nets; loss of time for repairing the damaged fishing gears 
(Figure 49; Figure 50). Thus, in addition to the fixed costs (in-
dicated in the previous Table 14, cap. 5.2) to be incurred even 
in case of lack of income, the overall size and condition of the 
landed catch cause a reduction in profit, which if persisting in 
long term may lead to a serious economic decline of the local 
fleet. 

Considering the total size of landings of the Floating Labo-
ratories in the trial period (5 834 kg), and excluding sets char-
acterized by conflict with wild fauna (271 kg), we calculated 
a potential value of 16 kg of catch per set.  Comparing these 
results with the real landings referred to the 45 recorded 
cases in which the depredation phenomenon involving 
dolphins occurred, we estimate a 78% loss of catches (565 
kg less) with a consequent very low landing (161 kg) against 
the expected (726 kg), for a loss in economic terms of about 
8 000 € (Table 19).
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According to Noureddine et al. (2017), a complete estimate 
of the damage could be made having data of landings and 
prices referred to the same sample fleet in the previous years, 
in order to compare the outcomes of the fishing trips based 
on the same gear in the same season, and in the same place, 
permitting also to analyze possible changes in frequency of 
the attacks. 

Figure 48.  CPUE and standard error calculated as kilograms per 100 m of net, 
applied to the fishing with the single wall nets in case or not of interaction with 
dolphins during the trial period. Our elaboration.
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Figure 49. A fisherman repairing a single wall net in the harbor of Catania. Source LIFE.

Figure 50. A fisherman repairing a menaida in the harbor of Catania. Source LIFE.
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However, multiplying the average cost of repairing the dam-
aged gears by the number of recorded conflicts between ce-
taceans and fishing vessels, we obtain the estimated cost of 
damage to fishing gear (15 750 €) in the trial period, which is 
to add to the loss of fixed costs (13 500 €) and catches (8 000 
€). The total loss of 37 250 € involved 5 fishing vessels on 
10 Floating Laboratories, and it does not include the costs 
associated with the purchase of new materials for the repair 
of the gears, which may be different depending on the type of 
gear and quality of the various pieces, according to previous 
table in Annex 13.

Table 19. Estimate of losses due to depredation caused by dolphins to the investigated SSF 
fleet in the Gulf of Catania. Our elaboration.
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Focusing on the damage verified by the observers on board 
the Floating Laboratories, and on the conditions of the fish-
ing nets assessed in terms of integrity before and after each 
fishing set, we compared the number and extent of holes re-
corded in the presence and absence of dolphin depredation 
events.

It turned out that the nets, even when fairly new, have 
a basic number of small holes (0-30 cm) which, even in ab-
sence of interaction, and with the sole use of the gear, tend to 
increase or widen. Fishermen tend to not repair these small 
holes but only if they get bigger. The holes of medium and 
large size remain stable if no conflicts with wildlife occur (Fig-
ure 51).

Considering only fishing sets affected by dolphin depre-
dation, all the size categories of the holes undergo a clear 
increase, far greater than that recorded in the fishing without 
interactions. Medium and big holes (31-120 cm) are the more 
important, while very big holes are less but much more exten-
sive (Figure 52).

Figure 51. Total number of holes before and after the fishing sets without dolphin interactions, 
counted by the observers on the Floating Laboratories (31 sets). Our elaboration.
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It is to be considered that the hole count has been in many 

cases underestimated due to the light conditions, the observ-
er’s proximity to the gear, and the moments of set or haul 
that are sometimes too rapid, especially in the presence of 
dolphins. The holes tend to be underestimated even when 
there are many, however, those attributable to the action of 
the dolphins have been associated not only to a greater dam-
age than that recorded during the set down of the gear, but 
have also been recognized on the basis of the tear-off mode 
the net and the remains of damaged catch.

The cases in which the gear was immediately hauled up on 
board as the dolphins had been sighted (2% of 395 fishing 
sets), were not considered. 

The characteristics of damaged fish found on the fishing 
gear after a depredation event correspond to those previous-
ly indicated in correspondence of the interviews results. In 
the majority of the observed cases, dolphins leaved on the 
gear only the head of different target species (Figure 53).

Figure 52. Total number of holes before and after the fishing sets without dolphin interactions, 
counted by the observers on the Floating Laboratories (31 sets). Our elaboration.
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Investigated factors that are influential to depredation

Knowing the effects of depredation is not enough to under-
stand the phenomenon of depredation. For this reason, de-
spite having a relatively small dataset available as it refers to a 
very small time frame, we investigated which factors are most 
influential in determining this type of opportunistic behavior 
applied by dolphins.

Basing on Table 4 on the classification of the variables estab-
lished to make the Multiple Correspondence Analysis (MCA), 
we constructed a matrix with the data of the 45 depredation 
cases recorded (Table 20), so we processed the information 
using the SPSS software. Table 21 and Table 22 show the his-
tory of the iterations in the analysis, and summarize the fea-
tures of the two-dimension model we used.

Figure 53. Damages to catch in different gears of the Floating Labs. Source LIFE.
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Table 20. Case processing summary for the Multiple 
Correspondence Analysis. Our elaboration

Table 21. History of the iterations in the Multiple Correspondence Analysis. 
Our elaboration.

Table 22. Summary of the model used for the Multiple Correspondence Analysis. Our elaboration.
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Looking at the table in the Annex 24, values associated to 
the transformed correlation variables indicate that depreda-
tion events are not depending on environmental character-
istics but they can occur in every moment of the day, moon 
phase, weather conditions, and type of bottom. On the other 
hand, elements in yellow such as the type of fishing gear and 
target species, features of the nets, gear depth and length, 
and the entity of the holes in the nets are strictly correlat-
ed and influence the species that will interact with the gear. 
Therefore, the relationship between the fishing system 
and the species of cetacean causing depredation is evi-
dent and include both type of gear and the related one or 
more target species.

Although the variables are dispersed in a similar way in the 
two considered dimensions, it is possible to note some spe-
cific groupings which in Figure 54 are gathered in rectangles 
of different colors.

The orange one explains that the events with the greatest 
damage on the nets, during which the gear can be totally de-
stroyed, or, when the animals are clearly visible and the fish-
erman has time to haul up the net without suffering damage 
but also by not fishing anything, occur mainly at dawn and 
when the gear retrieval last between 21 and 30 minutes.

The light blue rectangle clarifies that fishing gears other than 
nets attract species that prey on them which might be differ-
ent from the bottlenose dolphin, such as the sperm whale. In 
this case the damage occurs on the hooks or lures at depths 
higher than -100 meters, and can affect even a single individ-
ual, especially in the evening.

Reading between the fuchsia and the red traced areas, we 
can say that the degree of residence of a cetacean popu-
lation affects the determination of cases of depredation 
in the Northern area of the Gulf of Catania, as much as in the 
Southern and central area. The fuchsia rectangle describes 
also that depredation in the North area happens generally 
at more than 1 miles from the coast during fishing sets 
that last over 180 minutes, and in correspondence of the 
gear retrievals that require more time (over 60 minutes).
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From the red area it seems that the depredation events de-
pend on the first quarter phase of the Moon only in the South 
area of the Gulf. Moreover, cetacean-fisheries interaction 
in the South area involve only the Tursiops truncatus spe-
cies which apply its opportunistic behavior preferentially 
at very low distance from the coast (less than 1 NM) on 
nets of medium length deployed at no more than 50 me-
ters of depth.

Finally, the green oval underlines that medium size of catch-
es are linked to gears deployed at low depths and appear to 
be not tied to other variables.

Looking at the entire figure, it could be noted that from 
North to South the probability of cetacean interacting 
with fishing gear in pods increase, sure enough single indi-
viduals or couples were observed during depredation in the 
North part, many specimens together in the center, and more 
than 6 dolphins in the South.

The variables of all the descriptors considered for the 
analysis are also distributed in Figure 55 according to their 
measures of differentiation that reflect the grouping of their 
classes, from the environmental characteristics, to the fishing 
features, till the elements related to cetaceans. The average 
of the variance measured for these variables is 36% (Table 
23).

After all, by placing the 45 depredation cases recorded in 
the space of the two-dimensional graph, it is possible to ob-
serve the way in which the variables considered act on the set 
of elements analyzed. There is a swarm that tends upwards, 
affirming a positive correlation between the majority of the 
variables, and a smaller one tending downwards, denoting 
the lack of correlation in other cases (Figure 56).
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Figure 54. Joint chart of category points with normalized variables showing the connection 
between the various elements considered during depredation cases. The code of each variable 
is summarized in the Table 4, chap. 4 (methodologies). Our elaboration with SPSS.

Figure 55. Measures of differentiation in the MCA applied to our case study. 
Our elaboration with SPSS.
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Table 23. Measures of differentiation in the 
MCA applied to our case study. Our elaboration 
with SPSS.

Figure 56. Points of the objects labeled 
with their number case (45 sets 
characterized by depredation applied by 
dolphins). Our elaboration with SPSS.
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Bottlenose dolphin sightings recorded during this study 
near fishing gears, through a careful compilation of field sur-
veys and repeated viewing of recorded photos and videos, 
have been examined in order to create an ethogram referred 
to its opportunistic feeding behavior on fishing nets (Figure 
57; Figure 58).

The data analyzed come from all the different portions of 
the Gulf and include cases of depredation committed by indi-
viduals as well as by couples or larger groups.

In some cases, the presence of calves was also highlight-
ed, supposing they were learning from adults how to 
hunt on fishing gears. However, the presence of immature 
dolphins observed during the monitoring confirms that the 
Gulf of Catania is important not only for foraging but also as 
area used for breeding and initiation to group life.

In most cases, depredation occurred on unproductive 
fishing days, while in occasion of copious catches no in-
teraction event was recorded, underlined the dependency 
from the availability of the preys.

5.5. Bottlenose dolphin behavior during 
depredation events

Figure 57. A frame of a video showing a bottlenose dolphin surfacing closeness to a 
fishing vessel while the crew is hauling up a monofilo (single wall net) in the Northern 
Gulf of Catania. The net reported some big holes compatible with depredation operated 
by dolphin. Sighting from the sentry boat. Source LIFE.
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Figure 58. Bottlenose dolphins in the Gulf of Catania during depredation activities on the 
monofilo net (single wall type). Sightings from a Floating Laboratory operating in the Brucoli 
bay. Source LIFE.

Figure 59. ID 33, an adult bottlenose dolphin sighted during the study applying a feeding in net behavior. 
Trace of its dorsal fin during the matching using the finFindR software. Our elaboration.
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From the Photo-ID analysis using the finFindR software (Fig-
ure 59), it results that 3 of the dolphins sighted in interac-
tion belong to the existing catalogue of bottlenose dol-
phins identified in the Gulf of Catania by the MareCamp 
association (Bruno et al., 2006; Monaco et al., 2019). Precisely, 
the individuals have been previously “captured” through pho-
tographic session in summer-autumn 2018, and also other 
times in the years before, in the North part of the Gulf with 
other individuals of the same species during a “feeding in 
wild” behavior. The fact to have “recaptured” them to-
gether with new pods, both in the North and in the South 
areas, and applying a “feeding in net” behavior suggest us 
that it is a local population based on a typical “fission-fu-
sion” social structure and with a great site fidelity for the 
Gulf. All the individuals appear to be inclined towards dep-
redation actions, without particular specialization but been 
opportunistic depending on the availability of the preys, 
so when they need to optimize their foraging.

The 3 adults identified dolphins are: ID 06, ID 33, and ID 45. 
They were sighted respectively in locality Ognina di Catania, 
Aci Castello, and Brucoli.

Behavioral patterns observed during depredation events 
are summarized in Table 24 and include typical surface be-
haviors. Generally, depredation on fishing nets starts in 
correspondence of the first portion deployed in the sea, 
which is the one remaining more time underwater and 
having more possibility to capture preys. Indeed, in many 
cases it is also the part presenting the higher number or ex-
tent of holes. Once the fishing vessel responsible of the net 
approach the gear for its retrieval, depending on prey avail-
ability dolphin can stop to depredate the net or displace to-
wards the farthest portion from the vessel in order to con-
tinue undisturbed feeding in net. When leaving the gear, the 
dolphin can apply subsurface or surface behaviors basing on 
the size of the herd it composes (Figure 60; Figure 61).
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In addition to the depredation behavior, cetaceans can 
interact with fishermen also in other ways. For example, 
they can react with the tail slapping to actions that can 
endanger them. A tail slap, also known as “lobtailing”, is the 
act of a cetacean lifting its tail fluke out of the water and 
forcefully slapping it repetitively onto the surface of the water, 
resulting in a loud slap. Like breaching, is a form of non-
vocal communication that can be heard underwater for long 
distances. Reasons of this behavior in nature can be different 
in whales and dolphins like foraging and scaring prey, defense, 
play, annoyance and acquire aggressive posturing (Figure 62).

In other cases, when dolphins are not feeding, they can 
just approach and follow the fishing vessel making a 
“bowriding”, that is a swimming or forward movement 
alongside the boat while positioned off the bow between 
the surface and less than a meter underwater (Müller et al., 
1998). This is the case in which fishers understand that their 
presence will not determine any damage or loss (Figure 63).
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Table 24. Proposed ethogram of the behavior of the bottlenose dolphin interacting with small-scale fishing gears 
during depredation. Behavioral units indicated follow the classification made by Müller et al. (1998). Our elaboration.
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Figure 60. Schematization of the proposed ethogram of the bottlenose dolphin interacting 
with small-scale fishing gears during depredation. Our elaboration.

Figure 61. A frame of a video showing the final sequence of surfacing of a pod of bottlenose 
dolphins closeness to a buoy of a monofilo (single wall net) in the Southern Gulf of Catania. The 
net reported a lot of very big holes compatible with depredation operated by dolphin.  Sighting 
from the sentry boat. Source LIFE.
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Figure 62. A bottlenose dolphin recorded from a SSF vessel of Portopalo di Capo Passero (Siracusa, South 
Sicily), bothered by such behavior of the fishers onboard and showing its disappointment executing a series 
of violent “Tail slaps”. Source https://www.facebook.com/giorgio.scollo.9/videos/2106744492682797/
UzpfSTEwMDAwMDQxODAwMjUxMzoyMTA2NzQ1NTM2MDE2MDI2/

https://www.facebook.com/giorgio.scollo.9/videos/2106744492682797/UzpfSTEwMDAwMDQxODAwMjUxMzoyMTA2NzQ1NTM2MDE2MDI2/
https://www.facebook.com/giorgio.scollo.9/videos/2106744492682797/UzpfSTEwMDAwMDQxODAwMjUxMzoyMTA2NzQ1NTM2MDE2MDI2/


115

Approximately 380 minutes of acoustic recordings, cor-
responding to about 6 hours and 30 minutes, were collect-
ed during 15 surveys at sea. Among these, a total of 241,42 
minutes of acoustic recordings were acquired in 12 surveys 
during fishing operations. Table 25 shows recording duration 
per fishing gear and area.

5.6. Acoustic evidences from the surveys 

Figure 63. Dolphins sighted from the fishing vessels during transfers, so without 
occurrence of depredation events. Source Floating Labs network.
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During 8 field trips, odontocetes species were encoun-
tered and acoustically recorded for about 221 minutes, 
corresponding approximately to the 92% percent of all ac-
quired data. During 3 surveys it was not possible to recognize 
the emitter at the species level due to the similarity of the 
vocal repertoire between bottlenose and striped dolphin. In 
two cases the survey was performed at night when darkness 
prevented the visual sighting and species photo-identifica-
tion. In the third case, no visual sighting occurred, but the an-
imals were only detected acoustically. Table 26 shows all in-
formation concerning recorded species and the extent of the 
acoustic data (duration in minutes) acquired in relation to the 
detected sound type, according to each species repertoire. 
Echolocation clicks were the most represented category 
among all recorded dolphin sounds, whilst click trains were 
mostly recorded during the acoustic encounter with a solitary 
acoustically active sperm whale.

Table 25. Duration of acquired acoustic recordings (REC) in 
minutes in relation to fishing gear and operational vessel. Our 
elaboration.
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Delphinidae species were recorded acoustically in four dif-
ferent surveys for about 165 minutes during fishing opera-
tions. Among these surveys, there was no visually authen-
ticated record of striped dolphin, whilst about 33 recording 
minutes were acquired in ascertained presence of bottlenose 
dolphins.  In addition, about 37 minutes of acoustic record-
ings were acquired in presence of an emitting sperm whale 
during one survey performed at night in coincidence with fly-
ing squid fishing operations.  Table 27 resumes available data 
per species, in relation to the different fishing systems.

Table 26. Acoustically detected species and related acoustic data duration in minutes per 
sound type identified. Our elaboration.

The occurrence of sounds specifically related to feeding ac-
tivities and predation was studied for dolphins (Delphinidae) 
and sperm whales. Burst-pulsed sounds were recorded in 
all surveys when dolphin presence was noted (eight sur-
veys) and they represented about the 28,8% of recording min-
utes over all dolphin recordings during fishing operations. 
Concerning sperm whales, percentage of recording minutes 
with echolocation runs (click trains and creaks) represented 
the 86,43 % of all acoustic recording time.  
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Table 27. Duration (in minutes) of dolphin and sperm whale acoustic recordings in relation 
to the observed fishing operation of the various vessels. Our elaboration.

Looking in detail, Figure 64 and Figure 65 show a series of 
echolocation clicks and burst pulses emitted by bottle-
nose dolphin that can be associated to foraging, feeding 
activities, and intra-specific communication in presence 
of an active fishing vessel. Tonal sounds as whistles and 
moans of striped dolphins are shown in Figure 66 and Figure 
67 and are related to intraspecies communication.
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Figure 64. Spectrogram performed at 1024 fft points with 80 % overlap, showing a series of echolocation clicks 
recorded during one of the surveys and emitted by bottlenose dolphins (grey scale indicates relative intensity 
gradient of 100 dB). The red rectangle indicates the first click of the series. Our elaboration.

Figure 65. Spectrogram (1024 fft points, 80% overlap, 60 dB grey scale interval) showing two sequences of 
burst-pulses emitted by bottlenose dolphin (red boxes). The pulses from a fish-finder sonar are also visible 
around 75 kHz (blue box). Our elaboration.

Figure 66. Spectrogram (20148 fft points, 80% overlap, 100 dB gray scale gradient) showing two whistles 
emitted by bottlenose dolphins. Despite they differ in terms of number of modulation slopes, duration of both 
whistles (horizontal axis) is of approximately 2.2 seconds and they show a frequency range going from 4 kHz 
up to about 18 kHz. Our elaboration.
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Figure 67. Spectrogram performed at 2048 fft points with 80 % overlap showing a “moan” sound emitted by 
a striped dolphin (grey scale indicates relative intensity gradient of 60 dB). Our elaboration.

Figure 68. Spectrogram (4096 fft points, 80% overlap, 100 dB grey scale intensity gradient) showing a series of 
sperm whale regular clicks (red bars indicate the position of each click in the sequence). Dolphins echolocation 
clicks are also visible above 25 kHz (red circle). Impulsive sonar sounds from a fish-finder are also visible 
around 50 kHz (blue box). Our elaboration.

Figure 69. Spectrogram (4096 fft points, 80% overlap, 100 dB grey scale intensity gradient) showing a 
sperm whale click train sequence. Red bars and arrow show the position of clicks where Inter-Click-Interval 
decreases rapidly as the animal is approaching its target (prey). Impulsive sonar sounds from a fish-finder are 
also visible around 50 kHz (blue box). Our elaboration.
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The spectrograms resulting from sperm whale recording 
shows the concurrence of an active fishing vessel too, while 
the big cetacean emit clicks and click trains attributable to 
prey capture close to the totanara (gear for squids) used 
during the related survey (Figure 68; Figure 69).

Despite the relatively small number of surveys performed 
due to the lack of dedicated funding, it has been possible to 
obtain interesting new data concerning cetacean acoustic ac-
tivity and interaction with small scale fishery in the Gulf of Cat-
ania. It was not possible to obtain synchronized audio-video 
data underwater. However, the experimental set up allowed 
the acquisition of acoustic data with cetacean sounds occur-
ring in 92% of all recordings acquired during fishing oper-
ations. Furthermore, it was possible to assume that dolphins 
were undertaking underwater feeding and predatory ac-
tivities during at least approx. the 30 % of the sightings 
occurred during fishing operations. The percentage is con-
sistently higher for the sperm whale, which however has been 
only detected once, during a flying squid fishing operation. 
This difference is easily explained with the different behavior 
of the species which undertakes long deep dives, predating 
mainly on cephalopods.

As underlined in the previous paragraphs, interviewed fish-
ers declared to have no idea of possible mitigation measures 
able to solve the cetacean-fishery interaction problem, also 
because those few proven methods did not work. Moreover, 
they think that since dolphins eat the same species that they 
fish, competition will never end, especially now that their 
availability is decreasing. Anyway, they declared to be avail-
able for new trials of devices aimed at mitigating interaction 
events with marine wild fauna, and they expressed their in-
terest to participate in future voluntary surveys designed for 
a continuous understanding of the problem. 

5.7. Activation of the on-line permanent 
voluntary survey
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With this aim, the project included the creation of an on-
line permanent and voluntary survey for professional 
fishers to help the international network gathering data 
on depredation cases caused by wildlife on fishing gears 
(Figure 70). 

Questions to pose were agreed among the representatives 
of each country belonging to the various partner of the proj-
ect, following an exchange of ideas about the key elements to 
ask in order to make possible they report personal experienc-
es on negative interaction with cetaceans, and cost-damages 
incurred during their fishing trips.

The survey was promoted through meeting with fishers, 
promotional video shared on websites and social networks, 
and during conferences.

The questionnaire was created in four different languages 
and it is available through the following links. 

•	 English >>> https://forms.gle/sCJvgZeX7DperQuZ9

•	 Italian >>> https://forms.gle/kaeHna9wV2VybcNE8

•	 French >>> https://forms.gle/dki6RuYaau7cS42YA

•	 Spanish >>> https://forms.gle/xmE4s7xi1EkcXBo37

First answers arrived from the English (4) and the Italian (4) 
forms, many fishers of the  Floating Laboratories network 
continue to send to LIFE and MareCamp photos and videos 
of new interaction cases, and also other fishers of the Medi-
terranean are starting to report their experiences (Figure 71).

Main categories of negative interaction indicated into the 
survey until today are: catch eaten; catch damaged (bite 
marks); only fish head remaining in the gear; very big holes 
(bigger than 120 cm); lures taken; medium holes (31-80 cm); 
big holes (81-120 cm).

https://forms.gle/sCJvgZeX7DperQuZ9
https://forms.gle/kaeHna9wV2VybcNE8
https://forms.gle/dki6RuYaau7cS42YA
https://forms.gle/xmE4s7xi1EkcXBo37 
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Figure 70. Home page of the English voluntary survey for professional fishers to report 
negative interaction with cetaceans. Source LIFE.

Figure 71. Screenshot of a video sent by a Sardinian fisherman 
recorded while he was fishing red mullets with a single wall net. The 
fisher came to know about the depredation project through the LIFE 
promotional video and then participated at the on-line voluntary 
survey. Source G. Cussu.
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This study explored the issue of the interaction between ce-
taceans and small-scale fisheries in the Mediterranean from 
various points of view with a multidisciplinary approach. For 
this purpose, various sources have been used to arrive at an 
exhaustive level of knowledge of the subject, and of all its re-
lated factors.

An essential source of knowledge was the contribution of 
the fishers who, through their conversations, provided the 
basis of the state of the art of the local fleets, and helped to 
reconstruct how the different fishing system work, and what 
are the problems that afflict them, including that of the dep-
redation of fishing gears made by cetaceans.

Their indications on the frequency, modalities, and effects 
of this type of interaction were confirmed during the inves-
tigations carried out in the field with the surveys at sea and 
the direct observation of fishing trips and interaction events. 
These field activities made possible to define more precisely 
the factors that are influential to depredation and the vari-
ables that characterize it, and to quantify real impact and con-
sequences. 

In this regard, Table 28 summarises the main outputs and 
findings of the study, specifying with which type of source they 
have been reached, and at what initial question or objective 
they respond. This list confirms the integrated approach that 
guided the entire research and that led to as many results of 
a multidisciplinary nature.

5.8. Main Outputs and Findings from the 
Floating Laboratories Network
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Table 28. Resume of the main outputs and findings of the study. Our elaboration.
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The Floating Laboratories experience, in close contact with 
the fishermen and living their rhythms, has allowed scien-
tists to observe and interpret local reality more carefully. The 
intense activities in the field have revealed some problems 
both in research and fishing activities that are briefly listed 
below. They are a collection of assertions inferring from the 
talks with fishers and the direct experience of the boarded 
observers that should be considered for future interventions 
for a better management of the SSF, and for the continuation 
of the experimentation aimed at mitigating conflicts with ce-
taceans.

Research activity
•	 The excessive bureaucracy makes difficult to authorize 

the boarding of observers on multiple boats and for long 
periods. In addition, release times can reach months.

•	 The underwater drone proved to be poorly suited to the 
oceanographic conditions of the Gulf, and to the needs 
of fishers. It is not able to oppose the currents and risks 
to be trapped in the nets while the fishing boats are en-
gaged in their recovery. In addition, the battery has a 
low life (40 minutes compared to 3 hours declared in the 
technical sheet), and the viewer does not favor orienta-
tion. Probably, its use in an experimental fixed fishing 
station will be able to reach better outcomes.

•	 In some cases, damaged fish with signs of dubious origin 
have been found in fishing gears. The use of action cam-
eras attached to the gears could clarify this issue.

5.8.1. Further rising issues of the 
case study
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Fishing activities
•	 Existence of unfair competition with non-regulatory fish-

ermen who exploit marine resources and influence mar-
ket prices.

•	 Excessive presence of sport and recreational fishermen 
who became competitors, especially during summer.

•	 Growth of imports of seafood products on the local mar-
ket, with consequent decrease of the value of SSFs prod-
ucts.

•	 Deficit in the control system of many Institutions related 
to fishing activities.

•	 Constant illegal trawling activity inside the Gulf of Cata-
nia, that spoil the seabed causing a decrease in resource 
availability.

•	 Routes of ferries and large ships overlapping with fishing 
areas, with frequent cases of damage of the fishing nets, 
and risk of collision with fishing vessels.  

•	 Increasing pollution of sea waters (Figure 72), disappear-
ance of some target species, and introduction of non-in-
digenous species.

Figure 72. Marine litter found in a trammel net operative in the Gulf of Catania. Source LIFE.
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•	 Climate-driven changes to the marine environment 
causing variation in species distribution (e.g. “Once upon 
a time anchovies were within 3 miles, now the water is 
warmer so fish schools are more offshore, but we can’t 
go there!”).

•	 The smallest boats are the most limited by bad weather. 
Moreover, they cannot make long displacements when 
their target species is in an area of the gulf too distant 
from their home port.

•	 Costs and times for storing boats are very high and heav-
ily affect the fisherman’s activity.

•	 Many floats are made of plastic and can pollute the sea. 
It would be advisable to develop prototypes of buoys 
made of biodegradable material.

•	 All fishermen claim to have learned the fisher profession 
by embarking since they were children. However, the law 
does not allow boarding of unregistered people, includ-
ing fishermen’s sons and retired elderly people who are 
not part of the official crew. How will this job continue 
to be handed down? For example, not many fishers are 
able to sew the nets already today.

•	 Métiers like that of the menaida require about 5 fish-
ermen in a boat to carry out all the fishing operations. 
However, some boats are enabled for no more than 2-3 
people on board for structural reasons, therefore are 
forced to embark sailors informally, with the violation of 
the navigation code, no protection for the embarked, and 
the risk of sanction both for the captain and the sailor.

•	 Small-scale fishermen continue to be discriminated for 
not being able to access to tuna quotas. Furthermore, 
although the percentage of accidental catch of tuna has 
changed from 5 to 20% of the catch, it is not applicable to 
“non-tuna like” fishing systems.
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Previous studies and the experience of our project indicate 
that solutions to the problem of cetacean-fishery interaction 
can be found only by studying its dynamics thoroughly and 
distinguishing cases involving different fishing systems in sin-
gle contexts. The approach to be used, therefore, should not 
suggest a universal solution to the problem but, rather, spe-
cific adaptations according to the case.

The activation of the floating laboratories network rep-
resents an excellent answer to know the real state of art and 
conditions that exist in a given fleet, and the fact of being able 
to repeat them in different areas allows us to be able to join 
multiple networks to get an overall picture of the existing sit-
uation throughout the Mediterranean. When looking for real 
data on the occurrence of depredation and by-catch cases of 
vulnerable species, as well as on fishing effort and any dam-
age suffered by the fishing units belonging to it, their involve-
ment is to be considered essential.

The experience focused on small-scale Sicilian fishing fleets 
has highlighted the need to investigate the possible appli-
cation of depredation mitigation measures on three dif-
ferent types of gear: longlines; nets that are deployed at 
sea for several hours even leaving the area, such as tram-
mels and single wall nets; nets that require a short stay 
underwater and that are always checked on sight by the 
fisherman.

This distinction is suggested not only in relation to the dif-
ferent fishing techniques and target species that determine 
the modalities of depredation, but also to the most probable 
moment in which interaction can take place, and to the pres-
ence-absence of the fisherman on the site at that time.

Without ever underestimating the high degree of intelli-
gence of cetaceans and therefore foreseeing their responses 
and adaptations to each type of mitigation solution that we 
intend to implement, any prototypes of new devices useful to 
respond to the problem of interaction must be made assum-
ing not only their effect on the environment, but also possible 
reactions from the megafauna, capable of damaging or by-
passing them.
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For new experimental phases, where possible, it is also use-
ful to consider the distribution and the group composition 
gradient of the different species of cetaceans susceptible to 
interaction, in order to carry out tests at first in areas with a 
lower incidence of depredation in order to verify the opera-
tion of the mitigation device and its influence on the size and 
composition of the catches; subsequently, in areas with high 
possibility of interaction in order to observe their functioning 
in the presence of cetaceans.

Since it is not easy to develop resolution devices for each 
type of fishing, in certain cases the actions to be taken should 
be directed towards a better definition of the elements that 
characterize the depredation event, in order to be able to dis-
tinguish it from other cases, recognize its effects, and allow 
to direct any compensation for damages suffered only when 
certain factors are present.

Suggestions for repeating the study in other areas
Depending on the degree of knowledge of the problem in 

the area, the same investigation described up to here can be 
repeated, following these steps:

•	 territorial survey and consulting of official registers in 
order to understand the composition of the local fleet, 
characteristics of the fishing gears, main issues, and se-
lect fishing vessels to be involved in a new local network 
of Floating Laboratories. 

•	 face to face interviews to small-scale fishermen to know 
their situation about interaction with cetacean and other 
vulnerable species;

•	 data collection on fishing effort, depredation and by-
catch cases through appropriate register for fishers;

•	 activation of a network of fishing vessels (Floating Lab-
oratories) practicing different métiers susceptible to in-
teractions with cetaceans and other vulnerable species, 
equally distributed in the case study area;
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•	 monitoring onboard the fishing vessels to document 
capture activities and potential cases of depredation and 
by-catch for their better understanding;

•	 monitoring with a scientific boat in connection with the 
Floating Laboratories that have not observers onboard 
to document fishing activities and potential interactions 
to better comprehend.

Once the expected knowledge results have been achieved, 
it is possible to focus the attention on the emerging elements, 
design new mitigation actions, and to carry out tests.

Suggestions for the next steps to follow in Sicily and 
in Western and Central Mediterranean Sea

The subsequent investigation and test phases should take 
into account the results obtained with this first study and al-
low to maintain a constant link and collaboration between the 
bodies involved in order to continue the exchange of infor-
mation and to better adapt possible interventions.

A possible new study should investigate the phenomenon 
of interaction and the parameters that condition it, through 
both visual and acoustic investigations to have further details 
on the phenomenon and identify new potentially effective 
wave emission systems. It should also allow to investigate 
more deeply the fishing effort and the state of the stocks ex-
ploited by the small fishing fleet in the Gulf of Catania and in 
the surrounding areas, in order to define management plans 
for the exploitation of marine resources in a participatory 
manner.



133

The research could focus on:

•	 deepen the elements that emerged from the Kernels and 
Multiple Correspondence Analysis which suggest which 
situations are most subject to interaction. For example: 
the South area of the Gulf of Catania, and that in corre-
spondence of the Cyclops Islands MPA; medium length 
nets deployed at medium depth close to the coast; the 
bottlenose dolphin populations resident in the Gulf for 
a long time;

•	 fill the lack of information on some key factors which 
characterize the targeted fleet, but which have not been 
studied in depth enough. For example: verify what other 
activities affect areas less exploited by Floating Laborato-
ries and the possible presence / absence of interactions 
with cetaceans and other vulnerable species; monitor ar-
tisanal longline fishing with observers on board fishing 
vessels;

•	 widen the field of action of the investigation to have a 
clearer and more comprehensive picture of Sicilian wa-
ters, extending the boarding of observers on fishing ves-
sels that practice small-scale fishing even outside the 
Gulf of Catania (Aeolian Area, Syracuse, etc.); and to fish-
ing boats excluded from the small-fishing category but 
operating in the vicinity of the Gulf and whose activity 
can be the cause of by-catching of animals that reside 
mainly in the Gulf; interviews with further fishermen to 
enlarge the local sample.
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Beyond which aspects to investigate, a new phase of the 
study should be directed to a concrete and operational action 
that is ever closer to reaching some solution. The actions that 
can be carried out according to the available resources are 
summarized below. 

1.	 Monitoring surveys at sea where, in addition to the use of 
instrumentation in fixed configuration from the support 
monitoring boat (sentry boat), it may foresee the use of 
autonomous acoustic and video recording systems de-
ployed near or attached directly to the fishing gears. This 
would allow us to obtain a more complete information 
concerning the occurrence, acoustic activity and interac-
tion of the animals with the different fishing gears. An 
acoustic “alert” system indicating the presence and the 
occurrence of feeding sounds close to the nets may be 
also developed and tested. A similar system may find 
its application for those fishing types such as trammels 
and single wall nets which would be recovered by fish-
ermen in presence of dolphins engaged in depredation 
activities to limit the economic damage. Gaining addi-
tional information on dolphin acoustic feeding behavior 
will be essential towards the development of forecasting 
behavioral models needed to improve available acoustic 
deterrent devices. Depending on the model, the autono-
mous acoustic and video recording systems can also be 
activated by observers or fishermen on board the fishing 
vessels once trained.

2.	 Trial of cases of depredation through a fixed audio-vid-
eo monitoring system, capable of constantly monitor a 
semi-fixed experimental fishing net susceptible to inter-
action by type of gear, sea bottom, etc., and equipped 
with various action cameras and hydrophones. It can be 
possible to choose to always use the same place where 
to install the fishing gear and leave it for several days, or 
to make special catches in areas where dolphins have 
been spotted in advance in order to increase the possi-
bility of interaction and data collection. Any catches may 
be used for further scientific purposes. The activity must 
include a budget dedicated for repairing the fishing gear 
after interactions when particularly damaged.
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3.	 Study of the feeding habits and feeding behavior of the 
bottlenose dolphin in open water and near fishing gears 
by positioning temporary and reusable tags, preferably 
on individuals already known to apply the “feeding in 
net” behavior. Although it is a more invasive monitoring 
method than others, it must be considered that the tag 
adheres to the animal’s body with suction cups and it is 
lost by the dolphin after a few days. The tag can also be 
applied in the case of sperm whale sightings. The device 
should include sensors for light, pressure, depth, accel-
eration, compass, gyroscope, GPS, audio and HD video 
recorder.

4.	 Modification of the closing method of the “Umbrel-
la-and-stones” mechanism (Hamer et al., 2010; Goetz et 
al., 2011) seen in chapter 2, and adaptation to the to-
tanara (gear for squids) and longlines to prevent interac-
tion with dolphins and sperm whales. Experimental set-
ting has to be done first in a controlled environment (a 
swimming pool) to test its operation, and then at sea in 
order to test differences in size of catches and measure 
the eventual mitigation action when activated.

5.	 Test of latest generation acoustic dissuaders such as the 
“banana pinger” or variants of optical / light deterrents, 
both on nets and on longlines. In the case of longlines, 
the trial can also be addressed to cases of by-catch of sea 
turtles.

6.	 For cases of interaction that are difficult to mitigate, 
search for appropriate methods of detecting the pres-
ence of cetaceans in order to clearly demonstrate their 
presence and the possible influence in scattering preys, 
for the purpose of receiving compensation related to the 
presence/absence of the animals and the decreasing in 
catch quantities. An example is the case of the sperm 
whale whose presence can be ascertained by hydro-
phones and recorders positioned under the fishing boats 
or on the gears to check the presence of cetaceans.
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7.	 Creation of a handbook for the recognition of the dam-
ages caused by cetaceans that feed on fishing gears and 
catch, so that it can be a point of reference for scientists 
and also for the authorities that will have to ascertain the 
damage in case of assignment of compensations and re-
imbursements. Indeed, often Administrations prefer to 
not allocate any refund for damages suffered because 
they are not able to distinguish if a net was depredated 
or broken by the current or entangled in the rocks, etc. 
The action may include the installation of cameras on 
board the fishing boats to record the moments of setting 
and hauling up the gears, and check the ex ante and ex 
post conditions of the gears.

8.	 Investigate the possibility of developing artificial baits 
prototypes for longlines made of more sustainable ma-
terials than plastic and capable of reducing the attraction 
of cetaceans.

9.	 Vessel Monitoring System (VMS) installation in fishing 
vessels of the Floating Laboratories network to strength-
en the monitoring of fishing activities and simplify the 
data collection of their tracing. A mapping of the exploit-
ed areas will be useful both to investigate the relation-
ships with the presence and interaction of cetaceans, 
and to identify the best solutions concerning the man-
agement of marine resources.

10.	Regarding the vulnerable species subject to by-catch, 
investigation through interviews and boarding on fish-
ing boats to circumscribe the areas of finding in order to 
map them and suggest priority areas to be considered in 
the local management plans.

11.	Underwater photo surveys to better observe scars and 
wounds of anthropogenic origin on the body of the dol-
phins, which are good signs for estimating the fishing 
gear impact upon cetacean populations (Vanderzee et 
al., 2019).
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12.	Evaluation of the adaptability of existing acoustic and vi-
sual dissuaders (acoustic emitters and reflectors, mask-
ing nets) to our case study, and of their impact on the 
environment, as well as monitoring of project results re-
cently activated such as the “Life Delfi - Lowering Fishing 
Interactions” project in the Tyrrhenian and Adriatic seas, 
and the “DOLPHINFREE: Dolphins free from fishery by-
catch” in the Mediterranean and in the Atlantic Ocean. 
This could lead to better analyse lessons learned and 
search synergies with other working projects and trials.

13.	Sharing and implementing the protocols developed in 
this study to investigate depredation in a standardized 
way in other small-scale fleets at local and regional level.

In order to optimize the results and promote their dissemi-
nation, a joint international collaboration between the various 
bodies operating on the problem of depredation in the Med-
iterranean would be desirable. Experts of the sector could 
gather to propose new ways of trials starting from the results 
achieved in their experiences, while fishers could be involved 
in exchange programs on the assessment of damages and 
the use of new mitigation devices.

A unique coordinated observer programme could serve to 
monitor cetacean interaction and establish annual estimates 
of depredation and by-catch rate by fishery. Collaborations 
from one area to another in the Mediterranean could also 
allow an exchange of the different existing mitigation devices 
or in the trial phase, in order to test the same gears in differ-
ent environments, checking their operation and conditionali-
ty, and amortizing the costs.

A continuous comparison between research groups would 
also be useful to create a guide that lists the elements com-
mon to the various existing fishing systems affected by ceta-
cean-fishing interaction, in order to recognize in which cases 
the same mitigation measures can be applied.
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The continuation of the depredation project in various coun-
tries, as well as in Sicily, requires large financial resources 
since it has to deal with a very complex, multidisciplinary sub-
ject, which imply the involvement of a large number of spe-
cialists (fishermen, engineers, biologists, technicians, etc.). In 
addition, some monitoring plans need to be conducted over 
a long period covering all seasons of the year, and they are 
bound by weather conditions.

Generally, samplers that are students or trainees are of-
ten used to balance costs, and no compensation is given to 
fishermen taking for granted their presence at sea or their 
willingness to provide information. However, greater recog-
nition of the fisherman category would have positive effects 
on their trust in scientific research and participation in the 
definition of management plans, while the involvement of a 
greater number of experts in the field would help to fill those 
gaps in data collection due to the lack of experience (e.g. in-
complete questionnaires, unidentified sighted species, poor 
quality photos, etc.).

With reference to this study, the fishers participating in the 
research received a reimbursement of expenses, both for the 
interviews and for the activation of the Floating Laboratories. 
This solution has proven to encourage fishermen’s willing-
ness to collaborate, also in-network, both in providing more 
detailed information, in welcoming observers onboard their 
fishing vessels, and in compiling the registers. Being an ac-
tive part of the project allowed them to better understand 
the purpose of the research and to become promoters of the 
same.

New phases of this project in Sicily should include the con-
tinuation of the actions carried out with the “sentry boat”, 
with the possibility of moving quickly from the North Cape 
to the South Cape of the Gulf based on real-time interaction 
reports by fishers. The on-board instrumentation should be 
implemented with a new Reflex camera with telephoto lens to 
better succeed in documenting events at a greater distance, 
and to apply the Photo-IDentification in a more fruitful way. 
Instead, Bridge type cameras should be assigned to each ob-
server on the Floating Laboratories in order to record high 
quality shooting too. The observers should be equipped also 
with a GPS to easily record tracks, and suitable clothing adapt-
ed to boarding on fishing vessels.
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As regards fishermen, their level of involvement and partic-
ipation should continue to be high. However, up to now the 
people most consulted have been the commanders or own-
ers of the fishing vessels (which are fishers in the same boat 
too), therefore the information given to the remaining com-
ponents of each crew about the purpose of the project and 
the role of the Floating Laboratories should be greater.

The inclusion of fishers must also take place at the level of 
dissemination of results starting from the Port Authorities, up 
to the categories of retailers, restaurateurs, and consumers, 
in order to strengthen the meaning and validity of their work. 
The most collaborative should be rewarded, as well as those 
who participating in the project suffer more damage due to 
interaction with cetaceans. 

In order to simplify the interpretation of the data entered 
by them in the fisherman’s registers, the new surveys should 
be compiled digitally, through the choice of predefined fields 
and information to avoid errors and to lighten the work of 
uploading the databases.
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The project “Interaction between cetaceans and small-scale 
fisheries in the Mediterranean” promoted by the Low Impact 
Fishers of Europe platform (LIFE) and sustained by the MAVA 
Foundation, involved the fleets of three countries (Italy, 
Spain, Malta) in a programme named “Floating Laborato-
ries” where fishers and scientists worked together exchang-
ing their expertise and cooperating in data collection with 
the aim to assess the socio-economic and ecological impacts 
linked to the phenomenon of cetacean-fishery interaction, 
and to lay the foundations for suggesting innovative strate-
gies capable of mitigating this old phenomenon.

The study was based on standardized research protocols 
and survey sheets shared between the participating coun-
tries in order to allow its extension to other areas and the 
comparison of the results across the Mediterranean in the 
future.

In order to answer specific questions related to the status of 
the operational fleet in North-Eastern Sicily, and about the ex-
istence and the dynamics of by-catch and depredation events 
in the area, a territorial investigation followed by face to 
face interviews to small-scale fishermen, monitoring on-
board the Floating Laboratories (the fishing vessels) and 
also with a research boat (the “sentinel”) had been carried 
out through a multidisciplinary and systemic approach.

Sicily counts 1 887 traditional multipurpose fishing 
vessels less than 12 meters of length, with non-towed 
gears, and operating mainly within 6 NM from the coast 
which represents 23% of the Italian small-scale fishing 
fleet. For over a decade, it has had an ongoing negative trend 
in number of vessels (-16%), GT (-29%), and kW (-20%) which 
jeopardize the subsistence of the local sector. The targeted 
fishing fleet is composed by vessels having 6 main recurring 
licenses: tremaglio (trammel nets), palangaro (longlines), 
single layered nets (primarily including the monofilo, and 
also the menaida net), hooks and lines (mainly used for the 
totanara métier), encircling nets (like the sciabichedda), and 
the nassa (pots). Diversification of fishing techniques and 
their alternation in the seasons permit to access to a wide 
range of resources which include 98 seafood species, even 
if each métier capture only a few of them and in low quantity.
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The selectivity of the fishing gears resulted also a discern-
ing factor for the occurrence of by-catch of non-target species 
events. Sure enough monospecific nets appear to have no 
impact on vulnerable fauna (e.g. the menaida net for fishing 
the European anchovy, and the totanara gear for fishing the 
European flying squid), while a remarkable number of sharks 
belonging to the Smooth-hound (Mustelus mustelus) and An-
gel shark (Squatina squatina) species are captured using single 
wall nets in a small confined zone of the Gulf of Catania and in 
South Sicily.

Although no by-catch of cetaceans has been observed 
in this study, some individuals of Striped dolphin (Stenella 
coeruleoalba) and Bottlenose dolphin (Tursiops truncatus) of 
the Gulf present injured peduncles as evidence of surviving 
to prior fishery interactions with longlines. Moreover, 
many are the sea turtles (Caretta caretta), and seabirds like the 
Scopoli’s shearwater (Calonectris diomedea) which annually are 
found stranded along the coasts of the East Sicily because of 
the ingestion of hook and lines, as well as sharks (Hexanchus 
griseus, Isurus oxyrinchus) entangled in longlines.  Further 
investigations could explain if this type of almost always lethal 
interaction occurs with artisanal gears in coastal waters, or with 
other categories of fishing gears mainly operating offshore, 
and if potential mitigation measures for cetaceans could also 
prevent the impact to other species as well which require 
urgent interventions. Furthermore, the existence of shared 
national databases on strandings of all these species could 
help to a greater extent to understand the phenomenon.

Technical characteristics of the main métiers active in 
the study area, and prices of the related fishing gears have 
been described, underlining existing differences between the 
North and the South-East zones in terms of polyvalence and 
length of daily displacements for fishing. Regarding the fishing 
effort, a discordance has emerged between the most exploited 
areas (the far North and the far South of the Gulf of Catania) 
and those who give the highest landings (the central part of 
the Gulf). However, the top three most productive fishing 
systems in the Gulf (menaida for anchovies and sardines; 
monofilament gillnets for hake, sparidae, etc.; trammels for 
surmullets, etc.) have a little CPUE and very low income (e.g. 
224.2 CPUE and € 6 622  for the menaida on 93 sets supervised 
by the observers on the Floating Laboratories). 
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The territorial investigation found that 45% of the fishing 
trips in one year are affected by negative interactions 
with cetaceans. While 14 focal areas more susceptible to 
conflicts with cetaceans have been identified through inter-
views in all the study area, 45 events of depredation were con-
firmed in the Gulf of Catania during trial fishing trips which 
have covered 6 000 Nautical Miles (NM) per 1 721 hours 
of observation, including 395 fishing sets with different 
gears. Interactions were verified with the concomitance of 
the sighting of the cetaceans, the presence of damages on the 
fishing gears or on the catches, the behavioral reading of the 
animals, and the listening of their sound emissions compat-
ible with the feeding behavior as echolocation clicks, burst 
pulses, click train and creaks. 

The species involved in the observed attacks is the 
bottlenose dolphin (Tursiops truncatus), sighted in herds 
of different size and also in presence of calves. Moreover, 
one case of interaction with the sperm whale (Physeter 
macrocephalus) has been recorded, as well as other with not 
identified dolphins which could be striped dolphin (Stenella 
coeruleoalba) or bottlenose dolphin. Nevertheless, it would be 
useful to explore the frequency of the sightings not only in 
one season but during the whole year, and consequently the 
number of interaction cases, in order to have a clearer view of 
the evolution of the events compared with those recorded by 
local associations and reported by local fishers in the previous 
years.

Depredation events caused by dolphins took place in 
every area of the Gulf where fishing activities are car-
ried out, however, the most affected gear is the single 
wall type, especially the monofilo net. Recurring damag-
es include holes in the nets, bended hooks, reduction in the 
amount or value of the catch, and loss of time for fishers. The 
majority of the holes due to depredation on the nets are 
of medium size (31-80 cm), but in certain cases a low number 
of very big holes (>120cm) could cause a greater damage. The 
resulting estimated costs of repair and loss of earnings must 
be added to the usual fixed costs of the vessels.
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The total damage estimated for the 5 Floating Labora-
tories affected by these negative events during the study 
corresponds to 78% of their normal catches, with an over-
all loss of € 37 250, and a medium daily income loss of € 444 
for the entire fleet, excluding the costs associated with the 
purchase of new materials for the repair of the gears.

This type of opportunistic behavior applied by dolphins 
appears to be not depending on environmental characteristics, 
saving the case of the Brucoli bay, where depredation 
events appear to be synchronized by moon phases. Instead, 
the relationship between the degree of residence of a 
cetacean population, the type of fishing system (gear 
and related one or more target species), and the species 
of cetacean responsible of the depredation is evident. 
However, a biggest amount of data is necessary to further 
investigate the various variables for having stronger results.

Direct observations of the animals in interaction made 
possible to construct an ethogram of the “feeding in net” 
behavioral pattern, defining 3 principal attack phases 
including respiration, and surfaces and submergence be-
havioral units.

Through a thought on these behaviors and an overall vision 
about mitigation methods experimented in the world, we 
have suggested a series of useful strategies to further in-
vestigate the issue and to propose first solutions to be 
tested. Between these, an acoustic “alert” system indicat-
ing the presence and the occurrence of feeding sounds close 
to the nets is proposed for nets that are deployed at sea 
for several hours during which normally fishers leave the 
area, such as trammels and single wall nets, permitting them 
to haul up it in presence of dolphins engaged in depredation 
activities and to limit the economic damage. Anyway, many 
fishers declared to be available to participate in the tri-
al of new devices aimed at mitigating interaction events 
with marine wild fauna. Moreover, they express their interest 
also in participating in the on-line voluntary survey for profes-
sional fishers launched by LIFE, to report possible new nega-
tive interaction events in the future.
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The study permitted to be aware also about other prob-
lems which deserve to be deepened, affecting the inves-
tigated fleet, as well as the entire marine ecosystem, such as 
difficult access to benefits, overfishing, climate change, pollu-
tion and invasion of exotic species at local level that influence 
resources distribution and availability. In this framework, it 
should be noted that the Gulf of Catania is an area of great 
importance for the occurrence of marine mammals, but 
also asking for attention due to an existing strong an-
thropogenic impact. The presence of immature dolphins 
observed during the monitoring confirms that it is a breed-
ing area, and behavioral assessments shows the interest of 
this area from the point of view of food and initiation to 
group life. Accordingly, it should be proposed the possibility 
to nominate the Gulf and its surrounding waters as Areas of 
Importance for Marine Mammals (IMMA).

According to the programs of the General Fisheries 
Commission for the Mediterranean (GFCM), the objectives 
of the Agreement on the Conservation of Cetaceans of the 
Black Sea, Mediterranean Sea and contiguous Atlantic area 
(ACCOBAMS), the Marine Strategy Framework Directive 
(MSFD), and the goal 14 (Conserve and sustainably use 
the oceans, seas and marine resources for sustainable 
development) of the United Nations, it would be desirable a 
continued effort on data and information collection, including 
biological parameters related to the structure of cetacean 
populations, and economic indicators to evaluate the 
efficiency of the fishing fleets, in order to better understand 
the situation (status and trends) of the different species 
resident in the Gulf, and their interactions between fishing 
fleets. Spatio-temporal dynamics about the animals, and 
also on the SSFs activities will be a crucial component to 
manage fishing areas in the future by close collaboration 
between scientists, fishers, and local managers in a framework 
of mutual benefits and respect, while strengthening data 
availability, accessibility and reliability will help policy and 
decision making processes. 
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The Fisheries Department of the Sicilian Region has ad-
dressed € 855,000 of the national allocation of the Europe-
an Maritime and Fisheries Fund (EMFF) to the measure 1.40 
related to compensation for damage due to interaction with 
marine wild fauna. In this framework, Sicilian fishers might 
benefit of future local initiatives for the purchase and testing 
of new mitigation devices, and of reimbursements for the rec-
ognition of the damages suffered. To date, the Department 
has not yet initiated any procedure to allocate this budget 
to fishers, however, the development of resolving mitigation 
strategies could favor the allocation of the funds in order to 
proceed with their application.

This project has been included in the Sicilian regional da-
tabase of projects related to fishing activities, in the Interna-
tional System on small-scale fisheries (ISSF) (https://issfcloud.
toobigtoignore.net/), and also in the international map on 
projects contributing to the Regional Plan of Action of SSF, 
recently launched by the GFCM (http://www.fao.org/gfcm/ac-
tivities/fisheries/small-scale-fisheries/mapping-tool/en/).

https://issfcloud.toobigtoignore.net/
https://issfcloud.toobigtoignore.net/
http://www.fao.org/gfcm/activities/fisheries/small-scale-fisheries/mapping-tool/en/
http://www.fao.org/gfcm/activities/fisheries/small-scale-fisheries/mapping-tool/en/


147

Arranz, P., DeRuiter, S. L., Stimpert, A. K., Neves, S., Friedlaender, A. S.,Goldbogen, J. 
A.,...Tyack, P. L. (2016). Discrimination of fast clickseries produced by tagged Risso’s 
dolphins (Grampus griseus) forecholocation or communication. Journal of Experimen-
tal Biology,219,2898–2907. https://doi.org/10.1242/jeb.144295

Au, W.W.L. (1993). The sonar of dolphins. Springer-Verlag, New York. 277 pp.

Battaglia, P., Romeo, T., Consoli, P., Scotti, G., & Andaloro, F. (2010). Characterization of 
the artisanal fishery and its socio-economic aspects in the central Mediterranean Sea 
(Aeolian Islands, Italy). Fisheries Research, 102(1-2), 87-97.

Bearzi G., Bonizzoni S. (2018). Interazioni fra delfini e pesca in Adriatico settentrionale. 
Resoconto tecnico. Consulenza e supporto tecnico-logistico per Università degli Studi 
di Padova. 26 pp.

Bearzi, G., Bonizzoni, S., & Gonzalvo, J. (2011). Dolphins and coastal fisheries within a 
marine protected area: mismatch between dolphin occurrence and reported depreda-
tion. Aquatic Conservation: Marine and Freshwater Ecosystems, 21(3), 261-267.

Bellante, A., Buscaino, G., Buffa, G., Genovese, S., Bonanno, A., Patti, B., & Mazzola, S. 
(2007, April). Report on the sightings of bottlenose dolphins (Tursiops truncatus) in 
coastal waters of south-western Sicily during surveys carried out between 2003 and 
2006. In 21st Conference of European Cetacean Society. San Sebastian, Spain (pp. 22-
25).



148

Benmessaoud, R., Cherif, M., Jaziri, S., Koched, W., & Zaara, K. (2018). Projet d’atténu-
ation des interactions négatives entre les espèces marines menacées et les activités 
de pêche.

Bielli, A., Alfaro-Shigueto, J., Doherty, P. D., Godley, B. J., Ortiz, C., Pasara, A., ... & Man-
gel, J. C. (2020). An illuminating idea to reduce bycatch in the Peruvian small-scale 
gillnet fishery. Biological Conservation, 241, 108277.

Birkun, A., Northridge, S., Willsteed, E., James, F., Kilgour, C., Lander, M., & Fitzgerald, G. 
(2014). Studies for carrying out the common fisheries policy: adverse fisheries impacts 
on cetacean populations in the Black Sea. Final report to the European Commission, 
Brussels, 347p.

Blasi, M. F., Giuliani, A., & Boitani, L. (2015). Influence of Trammel Nets on the Be-
haviour and Spatial Distribution of Bottlenose Dolphins (Tursiops truncatus) in the 
Aeolian Archipelago, Southern Italy. Aquatic Mammals, 41(3).

Blomqvist, C. & Amudin, M. (2004). High-frequency burst-pulse sounds in agonistic/
aggressive interactions in bottlenose dolphins, Tursiops truncatus. In: Echolocation 
in bats and dolphins, pp: 425-431. J. A. Thomas, C., Moss, & M. Vater (Eds.) Chicago, 
University of Chicago Press.

Bordino, P., Mackay, A. I., Werner, T. B., Northridge, S. P., & Read, A. J. (2013). Francis-
cana bycatch is not reduced by acoustically reflective or physically stiffened gillnets. 
Endangered Species Research, 21(1), 1-12.

Boubekri, I., Caveen, A. J., Djebar, A. B., Amara, R., & Mazurek, H. (2018). Structure and 
spatio-temporal dynamics of the artisanal small-scale fisheries at the future MPA of 
“Taza”(Algerian coast, SW Mediterranean). Mediterranean Marine Science, 19(3), 555-
571.

Bouhadja, M. A., Amina, M. T., Selmani, R., Bahria, D., & Mennad, M. (2017). Etude 
préliminaire sur l’étendue des captures accidentelles et les évènements de dépréda-
tion entre les cétacés et les activités de pêche en Algérie.

Bruno A., Tringali L.M., Copat C., Corrente G., Monaco C. (2006). Catalogue of a Bot-
tlenose dolphin population in the Gulf of Catania (Ionian Sea), using and comparing 
two Photo-Identification methods. 20th Annual Conference of the European Cetacean 
Society. Marine Mammals and Man in Coastal Ecosystem: Can They Co–Exist? Gdynia, 
Polonia. April 2006.

Buscaino, G., Buffa, G., Sara, G., Bellante, A., To-nello, A.J., Hardt, F.A.S. & Mazzola, S. 
(2009). Pinger affects fish catch efficiency and damage to bottom gill nets related to 
bottlenose dolphins. Fisheries Science, 75(3), 537-544.

Camiñas, J.A., Aguilera, R., Báez J.C., Macías, D., Ortiz de UrbinaJ., García Barcelona S., 
Meléndez M.J., Rioja, P., Saber, S., Gómez Vives, M. J. & Godoy, D., Majuelos, E. 2018. 
Final Report of the activities carried out by the IEO in the framework of the Pilot Action: 
Killer whale and fisheries interactions in the Strait of Gibraltar area. Addendum to the 
MoU ACCOBAMS Nº 06/2016/LB 6410, 49 pages.

Camiñas, J.A., Aguilera, R., Báez J.C., Macías, D., Ortiz de UrbinaJ., García Barcelona S., 



149

Meléndez M.J., Rioja, P., Saber, S., Gómez Vives, M. J. & Godoy, D., Majuelos, E.2018. 
Final Report of the activities carried out by the IEO in the framework of the Pilot Action: 
Killer whale and fisheries interactions in the Strait of Gibraltar area. Addendum to the 
MoU ACCOBAMS Nº 06/2016/LB 6410, 49 pages.

Camiñas, J.A., Macías, D., Ortiz de Urbina J., Báez J.C. & García Barcelona S. 2017. Final 
Report (July 2018) of the Project on mitigating the interactions between endangered 
marine species and fishing activities (from March 2016 to March 2017). MoU ACCO-
BAMS Nº 06/2016/LB 6410, 69 pages.

Carrà G., Monaco C., Peri I. (2017). Local management plans for sustainability of small-
scale fisheries. Quality-Access to Success, 18(S2), 2017. ISSN I582-2559.

Caruso, F., Alonge, G., Bellia, G., De Domenico, E., Grammauta, R., Larosa, G., Mazzola, 
S., Riccobene, G., Pavan, G., Papale, E., Pellegrino, C., Pulvirenti, S., Sciacca, V., Sim-
eone, F., Speziale, F., Viola, S., Buscaino, G., 2017. Long-Term Monitoring of Dolphin 
Biosonar Activity in Deep Pelagic Waters of the Mediterranean Sea. Sci. Rep. 7, 4321. 
doi:10.1038/s41598-017-04608-6

Caruso, F., Sciacca, V., Bellia, G., De Domenico, E., Larosa, G., Papale, E., Pellegrino, C., 
Pulvirenti, S., Riccobene, G., Simeone, F., Speziale, F., Viola, S., Pavan, G., (2015). Size 
distribution of sperm whales acoustically identified during long term deep-sea moni-
toring in the ionian sea. PLoS One 10. doi:10.1371/journal.pone.0144503

Casalone, C., Pautasso, A., Grattarola, C., Giorda, F., Iulini, B., Pintore, M., ... & Santuc-
ci, U. (2016). MAMMIFERI MARINI SPIAGGIATI IN ITALIA: GESTIONE E MONITORAGGIO 
DELLE CAUSE DI MORTE. Biologia Marina Mediterranea, 23(1), 320.

Celoni, F., Azzolin, M., Galante, I. R. E. N. E., MATILDE, M., Comparetto, G., & Giacoma, C. 
(2006). Fisheries catch and bottlenose dolphin (Tursiops truncatus) absence/presence 
around Lampedusa island (Sicily–Italy).

Coll M., Carreras M., Ciércoles C., Cornax MJ., Gorelli G., Morote E. and Saez R., (2014). 
Assessing Fishing and Marine Biodiversity Changes Using Fishers’ Perceptions: 
The Spanish Mediterranean and Gulf of Cadiz Case Study. PLoS ONE 9(1): e85670. 
doi:10.1371/journal.pone.0085670.

Danchin, E.; Giraldeau, L. & Cezilly, F. (2008). Behavioural Ecology. New York: Oxford 
University Press. ISBN 978-0-19-920629-2

Dawson, S. M., Read, A., & Slooten, E. (1998). Pingers, porpoises and power: uncertain-
ties with using pingers to reduce bycatch of small cetaceans. Biological Conservation, 
84(2), 141-146.

Defran, R. H. & Pryor, K. (1980). The behaviour and training of cetaceans in captivity. 
Cetacean Behavior: Mechanisms and Functions, pp: 319-362. L. M. Herman (Ed.), R. E. 
J. Wiley & Sons, New York.

Delville P.L., Sellamna N. E., Mathieu, M. (2000). Les enquêtes participatives en débat: 
ambition, pratiques et enjeux. P. L. Delville (Ed.). GRET – KARTHALA – ICRA Editions. 
ISBN 2-84586-116-8.



150

Desbois, D. (2008). L’analyse des correspondances multiples “à la hollandaise”: intro-
duction à l’analyse d’homogénéité. Revue Modulad, 38(2008), 194-244.

di Sciara, G. N. (Ed.). (2002). Cetaceans of the Mediterranean and Black Seas: state of 
knowledge and conservation strategies. A report to the ACCOBAMS Secretariat, Mona-
co, February 2002. Section 1, 5p. 

Díaz López B. 2006. Bottlenose dolphin (Tursiops truncatus) predation on a marine fin 
fish farm: some underwater observations. Aquatic Mammals 32, 305–310.

Díaz López, B. & Shirai, J. A. B. (2009). Mediterranean Common Bottlenose Dolphin’s 
Repertoire And Communication Use. Dolphins: Anatomy, Behavior and Threats. Agus-
tin G. Pearce and Lucía M. Correa (ed.) © 2009 Nova Science Publishers, Inc.

Di Lorenzo, A., Olivieri, V., Internullo, E., Bortolotto, A., Manfrini, V., Guccione, S., ... & 
Tringali, M. (2013). GEOCETUS: Sistema informativo geografico per la gestione di una 
banca dati online degli spiaggiamenti di cetacei lungo le coste italiane. Biologia Marina 
Mediterranea, 20(1), 256.

Durban J. W., Elston D. A., Ellifrit D. K., Dickson E., Hammond P. S., Thompson P.M. 
(2005). Multisite Mark-Recapture for cetaceans: population estimates with Bayesian 
model averaging. Marine Mammal Science, 21(1):80-92. Society for Marine Mammal-
ogy.

Evans P. G. H., Hammond P. S. (2004). Monitoring cetaceans in European waters. Mam-
mal Rev, 34(1):131-156. 

FAO. 2016. The State of Mediterranean and Black Sea Fisheries. General Fisheries 
Commission for the Mediterranean. Rome, Italy.

FAO. 2018. The State of Mediterranean and Black Sea Fisheries. General Fisheries 
Commission for the Mediterranean. Rome. 172 pp. Licence: CC BY-NC-SA 3.0 IGO.

FAO. 2019. Social protection for small-scale fisheries in the Mediterranean region – A 
review. Rome. FAO. 92 pp. Licence: CC BY-NC-SA 3.0 IGO.

Félix, F., Centeno, R., Romero, J., Zavala, M., & Vásconez, Ó. (2018). Prevalence of scars 
of anthropogenic origin in coastal bottlenose dolphin in Ecuador. Journal of the Ma-
rine Biological Association of the United Kingdom, 98(5), 1177-1186. doi:10.1017/
S0025315417000686.

Geraci ML, Falsone F, Scannella D, Sardo G and Vitale S. Dolphin-Fisheries Interactions: 
An Increasing Problem for Mediterranean Small-Scale Fisheries. Examines Mar Biol 
Oceanogr. 3(1). EIMBO.000552.2019. DOI: 10.31031/EIMBO.2019.03.000552.

Gill K.P., Baird R.W., Gorgone A. (2019). Prevalence of fishery-related scarring on the 
mouthlines of common bottlenose dolphins around the main Hawaiian Islands. World 
Marine Mammal Conference, Barcelona, December 2019. 

Goetz, S. 2014. Interactions of cetaceans with Spanish and Portuguese fisheries in At-
lantic waters: costs, benefits and implications for management (Thesis). Universidade 
de Aveiro.



151

Goetz, S., Laporta, M., Martinez Portela, J., Santos, M. B., & Pierce, G. J. (2011). Experi-
mental fishing with an “umbrella-and-stones” system to reduce interactions of sperm 
whales (Physeter macrocephalus) and seabirds with bottom-set longlines for Patago-
nian toothfish (Dissostichus eleginoides) in the Southwest Atlantic. ICES Journal of Ma-
rine Science, 68(1), 228-238.

Gönener, S., & Özsandıkçı, U. (2015). TECHNICAL MEASURES IN ORDER TO DECREASE 
INTERACTIONS BETWEEN DOLPHINS AND FISHERMEN: PINGERS. Aquaculture Engi-
neering and Fisheries Research, 151.

Goold J.C., Jones S.E. (1995). Time and frequency domain characteristic of sperm whale 
clicks. J. Acoust. Soc. Am. 98 (3): 1279-1291.

Gordon J.C.D (1987). The Behaviour and Ecology of Sperm Whales off Sry Lanka. PhD 
dissertation, University of Cambridge.

Hamer, D. J., Childerhouse, S. J., & Gales, N. J. (2010). Mitigating operational interac-
tions between odontocetes and the longline fishing industry: a preliminary global re-
view of the problem and of potential solutions. Report to the International Whaling 
Commission (IWC) Scientific Committee. DRAFT IWC SC Paper# SC/62/BC6.

Hamer, D. J., Childerhouse, S. J., & Gales, N. J. (2012). Odontocete bycatch and depre-
dation in longline fisheries: a review of available literature and of potential solutions. 
Marine Mammal Science, 28(4), E345-E374.

Hamilton, S., & Baker, G. B. (2019). Technical mitigation to reduce marine mammal 
bycatch and entanglement in commercial fishing gear: lessons learnt and future direc-
tions. Reviews in Fish Biology and Fisheries, 1-25.

Hammond P., 2018, Mark-recapture, Encyclopedia of Marine Mammals (Third Edition), 
Academic Press, pp. 580-584.

Hinton, M. G., & Maunder, M. N. (2004). Methods for standardizing CPUE and how to 
select among them. Col. Vol. Sci. Pap. ICCAT, 56(1), 169-177.

Hughes, Roger N, ed. (1989), Behavioural Mechanisms of Food Selection, London & 
New York: Springer-Verlag, p. v, ISBN 978-0-387-51762-9

INRH. (2015). Evaluation de l’ampleur du phénomène de la déprédation des captures 
des senneurs par le Grand Dauphin en Méditerranée marocaine.

IUCN, A. (2016). Global Standard for the Identification of Key Biodiversity Areas. Ver-
sion, 1, 2016-048.

Jefferson, T.A., Leatherwood, S. e M. A. Webber (1993). Marine Mammals of the World. 
FAO Species Identification Guide. FAO, Rome.

Johnson TR. and van Densen WLT., 2007. Benefits and organization of cooperative re-
search for fisheries management. ICES Journal of Marine Science 64: 834–840.

Knowlton, A. R., Robbins, J., Landry, S., McKenna, H. A., Kraus, S. D., & Werner, T. B. 
(2016). Effects of fishing rope strength on the severity of large whale entanglements. 
Conservation Biology, 30(2), 318-328.



152

Lapiccirella, D., Monaco, C., Pessani, D., Favaro, L. (2018). Interaction between striped 
dolphins (Stenella coeruleoalba) and squid artisanal fishery in the gulf of Catania. Biol. 
Mar. Mediterr. (2018), 25 (1): 288-289. 

Le Roux, B., & Rouanet, H. (2010). Multiple correspondence analysis (Vol. 163). Sage.

Long, K. J., DeAngelis, M., Engleby, L., Fauquier, D., Johnson, A. J., Kraus, S. D., & 
Northridge, S. P. (2015). Marine mammal non-lethal deterrents: summary of the Tech-
nical Expert Workshop on Marine Mammal Non-Lethal Deterrents, 10-12 February 
2015, Seattle, Washington.

Luis, A. R., Couchinho, N. M., & dos Santos, M. E. (2016). A quantitative analysis of 
pulsed signals emitted by wild bottlenose dolphins. PLoSONE, 11, e0157781. https://
doi.org/10.1371/journal.pone.0157781

Maccarrone, V., Buffa, G., Di Stefano, V., Filiciotto, F., Mazzola, S., & Buscaino, G. (2014). 
Economic assessment of dolphin depredation damages and pinger use in artisanal 
fisheries in the archipelago of Egadi Islands (Sicily). Turkish Journal of Fisheries and 
Aquatic Sciences, 14(1), 173-181.

Miller P. J. O. , Johnson M. P., and Tyack. P. L. (2004). Sperm whale behaviour indicates 
the use of echolocation click buzzes ‘creaks’ in prey capture. Proc. R. Soc. Lond. B No-
vember 7, 2004. Volume 271: 1554, 2239-2247.

Møhl B, Wahlberg M, Madsen PT, Heerfordt A, Lund A. The monopulsed nature of sperm 
whale clicks. The Journal of the Acoustical Society of America. 2003; 114(2):1143–1154. 
doi: 10.1121/1.1586258 PMID: 12942991

Monaco C. (2006). Preliminary study on the behavior of a population of Tursiops trun-
catus (Montagu, 1821) of the Gulf of Catania. Degree thesis, University of Catania.

Monaco C. (2009). Dynamics of a Tursiops truncatus (Montagu, 1821) population in the 
Gulf of Catania. Master’s degree thesis. University of Trieste. Trieste, Italy.

Monaco C., (2016). Co-construction of an Information System of hybrid sustainability 
and quality indicators to promote Mediterranean small-scale artisanal fisheries. PhD 
thesis, Department of Agriculture, Food and Environment) of the University of Catania. 
Catania, Italy. Discussed on 30th March 2017.

Monaco C., Susini C., Pellegrino G. (2019).  Updating a photo-id catalog of bottlenose 
dolphin off Catania. World Marine Mammal Conference, Barcelona, December 2019. 

Melodia C., Giacoma C., Azzolin M., Notarbartolo di Sciara G., Panigada S., …, Monaco 
C., Blasi M.F. (2019). Photo-identification and movements of bottlenose dolphins in the 
waters around Sicily (Italy). World Marine Mammal Conference, Barcelona, December 
2019. 

Monaco C., Cavallé M., Peri I. (2019). Preliminary study on interaction between dol-
phins and small-scale fisheries in Sicily: learning mitigation strategies from agriculture. 
Quality-Access to Success, 20(S2), 400-407.

Monaco, C., Ibáñez, J. M., Carrión, F., & Tringali, L. M. (2016). Cetacean behavioral re-
sponses to noise exposure generated by seismic surveys: how to mitigate better?. An-
nals of Geophysics, 59(4), 0436.



153

Monaco C., Floridia S., Internullo E., Pellegrino G., Tringali L.M. (2013). Fishing with 
“menaida” an example of selective and sustainable fishing in the Gulf of Catania (Italy). 
First Regional Symposium on Sustainable Small-Scale Fisheries in the Mediterranean 
and Black Sea. St. Julian’s, Malta, 2013.

Monaco C., Floridia S., Internullo E., Tringali L.M. (2011). GIS applications for cetaceans 
and menaide fishery area in the Gulf of Catania (Sicily). 25th Annual Conference of the 
European Cetacean Society. Long-term datasets on marine mammals: learning from 
the past to manage the future. Cádiz, Spain. March 2011.

Moore JE., Cox TM., Lewison RL., Read AJ., Bjorkland R., McDonald SL., Crowder L.B., 
Aruna E., Ayissi I., Espeut P., Joynson-Hicks C., Pilcher N., Poonian CNS., Solarin B. and 
Kiszka J, 2010. An interview-based approach to assess marine mammal and sea turtle 
captures in artisanal fisheries. Biological Conservation 143: 795-805.

Müller, M., Boutiere, H., Weaver, A. C. F., & Candelon, N. (1998). Ethogram of the bot-
tlenose dolphin (Tursiops truncatus), with special reference to solitary and sociable 
dolphins. Vie et Milieu (France).

Northridge, S., Fortuna, C., & Read, A. (2006). Guidelines for technical measures to 
minimise cetacean-fishery conflicts in the Mediterranean and Black Seas. In Second 
Meeting of the Parties, Palma de Mallorca (pp. 09-12).

Noureddine A., Malouli I.M., Aziz L., Sanae L., Fanichi C. (2017). Pecherie artisanale de 
thon rouge dans le detroit de gibraltar, attenuation des impacts socio-economiques et 
ecologiques du phenomene de depredation des orques.

Overstrom, N. A. (1983). Association between burst-pulse sounds and aggressive be-
havior in captive Atlantic bottlenose dolphins (Tursiops truncatus). Zoo Biol, 2, pp: 93-
103.

Pace, D. S., Pulcini, M., & Triossi, F. (1999). Interactions with fisheries: modalities of 
opportunistic feeding for bottlenose dolphins at Lampedusa Island (Italy). Mar Mam 
Sci, 15, 102-122.

Papale, E., Alonge, G., Caruso, F., Grammauta, R., Mazzola, S., Mussi, B., ... & Buscaino, 
G. The higher, the closer, the better? Influence of sampling frequency and distance on 
the acoustic properties of short-beaked common dolphins burst pulses in the Mediter-
ranean Sea. Aquatic Conservation: Marine and Freshwater Ecosystems.

Parson, C. and Dolman, S. (2003). The Use of Sound by Cetaceans. Oceans of Noise, pp. 
44-52. M. Simmonds, S. Dolman, L. Weilgart, eds. (Argentina, Australia, Germany, UK, 
USA: Whale and Dolphin Conservation Society).

Pavan G. & Podestà M. (2019). Report sui dati acquisiti dalla Banca Dati Spiaggiamenti 
nel 2018. 

Pulcini, M., Triossi, F., & Pace, D. S. (2004). Distribution, habitat use and behaviour of 
bottlenose dolphins at Lampedusa Island (Italy): results of five years of survey. Eur. 
Res. Cet, 15, 453-456.



154

Rabearisoa N., Guinet C., Guérin P., Bach P. (2019). Depredation mitigation device for 
pelagic longline fisheries: the PARAPED project.  World Marine Mammal Conference, 
Barcelona, December 2019.

Rabearisoa, N., Bach, P., & Marsac, F. (2015). Assessing interactions between dolphins 
and small pelagic fish on branchline to design a depredation mitigation device in pe-
lagic longline fisheries. ICES Journal of Marine Science, 72(5), 1682-1690.

Read, A. J., Drinker, P., & Northridge, S. (2006). Bycatch of marine mammals in US and 
global fisheries. Conservation biology, 20(1), 163-169.

Reeves, R. R., & Leatherwood, S. (1994). Dolphins, porpoises, and whales: 1994-1998 
action plan for the conservation of cetaceans (Vol. 22). IUCN.

Reeves, R. R., Read, A. J., & di Sciara, G. N. (Eds.). (2001). Report of the Workshop on 
Interactions Between Dolphins and Fisheries in the Mediterranean, Evaluation of Miti-
gation Alternatives. Roma, 4-5 May 2001. ICRAM.

Revuelta, O., Domènech, F., Fraija-Fernández, N., Gozalbes, P., Novillo, O., Penadés-
Suay, J., & Tomás, J. (2018). Interaction between bottlenose dolphins (Tursiops trunca-
tus) and artisanal fisheries in the Valencia region (Spanish Mediterranean Sea). Ocean 
& Coastal Management, 165, 117-125.

SafetyNet. (2020). FTL-FISH: Follow The Light – LED devices to lower non-target catch in 
retail supply chain. SafetyNet.

Sauzade, D., & Rousset, N. (2013). Greening the Mediterranean fisheries: tentative as-
sessment of the economic leeway. Plan Bleu, Valbonne, 42.

Snape, R. (2019). Investigating conflict between threatened marine megavertebrates 
and Mediterranean small-scale fisheries. University of Exeter.

Snape, R. T. E., Broderick, A. C., Çiçek, B. A., Fuller, W. J., Tregenza, N., Witt, M. J., & God-
ley, B. J. (2018). Conflict between dolphins and a data-scarce fishery of the European 
Union. Human ecology, 1-11.

Soltanpour Y., Monaco C., Peri I. (2017). Defining small-scale fisheries from a social 
perspective. Quality-Access to Success, 18(S2), 2017. ISSN I582-2559.

Stanley R., 1995, DARWIN: Identifying Dolphins from Dorsal Fin Images, vol. Senior 
Thesis, Eckerd College.

Thompson, J. W., Zero, V. H., Schwacke, L. H., Speakman, T. R., Quigley, B. M., Morey, J. 
S., & McDonald, T. L. (2019). finFindR: Computer-assisted Recognition and Identifica-
tion of Bottlenose Dolphin Photos in R. bioRxiv, 825661.

Tringali, L.M., Bruno, A., Copat, C., Corrente, G., Internullo, E. & Ramasco, V. (2005). A 
study on an opportunistic feeding behaviour of a population of bottlenose dolphin 
(Tursiops truncatus) in the Gulf of Catania, Sicily. Proceedings of the 19° International 
Conference of ECS (European Cetacean Society), La Rochelle 2-7 Aprile 2005.



155

Tringali, L.M., Caltavuturo, G., Puzzolo V. (2001). A case of opportunistic feeding: the 
bottlenose dolphin, Tursiops truncatus, interference to the European anchovy, En-
grauilis encrasicolus, fishing in the Gulf of Catania (Ionian Sea). Proceedings of the 15° 
International Conference of ECS (European Cetacean Society), Rome 6-10th May 2001.

Tringali, L.M., Internullo, E., Floridia, S., Monaco, C., Brundo, M.V., Trovato, M., Nicotra, 
M., Ferrante, M., Fiore, M., Oliveri, Conti G., Copat, C., Urbano, F., Rappazzo, G. (2009). 
Studio di popolazioni di cetacei e specie preda presenti nel Golfo di Catania. Pro Na-
tura. Biodiversità ricchezza Mediterranea - Patrimonio unico - Protezione ed influenza 
dai cambiamenti climatici. Terme di Stabia (Napoli). 28 March 2009.

Tringali L.M., Floridia S., Grasso V.I., Internullo E., Monaco C. (2008). Sulla conservazi-
one dei Cetacei nel Mediterraneo. Convegno celebrativo per il 35° anno di fondazione 
dell’Ente Fauna Siciliana, L’Area Protetta di Vendicari. Vendicari-Noto, Italy. 25-26 Oc-
tober 2008.

United Nation (2019). Progress towards the Sustainable Development Goals. Special 
edition. Economic and Social Council.

Vanderzee A., Mahaffy S., Verbeck D., Johnson P., Cullins T., Baird R. (2019). Keep an 
eye on me: using underwater photos and video from citizen science to evaluate prev-
alence of injury in pygmy killer whales in Hawai’i. World Marine Mammal Conference, 
Barcelona, December 2019. 

Vindigni G., Carrà G., Monaco C. (2016). Which approach for sustainable development 
of small-scale fisheries? The case of Italy. Quality-Access to Success. Vol. 17: 142-148. 
SRAC - Societatea Romana Pentru Asigurarea Calitatii. March 2016.

Wang, J. H., Fisler, S., & Swimmer, Y. (2010). Developing visual deterrents to reduce sea 
turtle bycatch in gill net fisheries. Marine Ecology Progress Series, 408, 241-250.

Zimmer WM, Tyack PL, Johnson MP, Madsen PT. (2005). Three-dimensional beam 
pattern of regular sperm whale clicks confirms bent-horn hypothesis. The Journal of 
the Acoustical Society of America. 117(3):1473–1485. doi: 10.1121/1.1828501 PMID: 
15807035



156



157

Annex 1. Status of Mediterranean stocks based on the analysis of 
biomass indicators. Source FAO 2018.
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A n n e x   22..  R e c o n s t r u c t i o n   o f   t h e   ma r k e t i n g   
c i r c u i t   o f   t h e   f r e s h   c a u g h t   p r o d u c t   c o m i n g   
f r o m   t h e   p r a c t i c e   o f   a r t i s a n a l   f i s h i n g   i n   
N o r t h --E a s t e r   S i c i l y ..  A c t o r s   ((b l u e   b o x e s )),,  
p l a c e   f o r   s a l e   ((w h i t e   b o x e s ))..  U p d a t e   o f   
Mo n a c o ,,  22001166..  
 

 

Annex 2. Reconstruction of the marketing circuit of the fresh caught product 
coming from the practice of artisanal fishing in North-Easter Sicily. Actors (blue 
boxes), place for sale (white boxes). Update of Monaco, 2016.
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Annex 3. Minimum and maximum sales prices (€/kg) at the "Pescheria" of Catania, an historical 
big open air fishing market. Source ISMEA.  
 

Market Species 
2018 2019 
P. min P. max 

€/Kg €/Kg 
Calamari, calamaretti e totani CALAMARO 11,24 12,36 
Calamari, calamaretti e totani TOTANI 4,78 6,17 
Cappesante e ostriche OSTRICHE 3,78 5,46 
Cozze COZZE O MITILI 1,6 1,8 
Polpi e moscardini MOSCARDINO 5,97 7,84 
Polpi e moscardini POLPI 14,4 15,62 
Seppie e seppiole SEPPIA 15,62 17,06 
Vongole, cannolicchi, telline, cuori, fasolari VONGOLA VERACE  9,29 10,46 
Acciughe e sardine ACCIUGA O ALICE 4,78 5,71 
Acciughe e sardine SARDINA 3,61 4,93 
Aguglie, lampughe, bisi o tombarelli AGUGLIA 0 0 
Aguglie, lampughe, bisi o tombarelli BISI O TOMBARELLI 4,94 6,46 
Boghe, menole, busbane e suri o sugarelli SURI O SUGARELLI 4,46 5,98 
Cefali e latterini CEFALI 1,89 2,75 
Cernie CERNIE 14,42 15,68 
Naselli e merluzzi NASELLI O MERLUZZI 13,74 15,67 
Pagelli, occhiate e pesce S. pietro PAGELLO 4,46 6,01 
Pesce spada, barracuda e ricciola PESCE SPADA 11,49 22,8 
Pesce spada, barracuda e ricciola RICCIOLA 14,24 15,49 
Rombi e rane pescatrici ROSPO O RANA PESCATRICE 5,02 6,42 
Saraghi, mormore e pagri SARAGHI 13,03 14,26 
Saraghi, mormore e pagri SARAGO  13,85 15,2 
Sogliole, linguattole e zanchette SOGLIOLA 17,02 18,78 
Sgombri, lanzardi e palamiti SGOMBRO 4,56 6,61 
Spigole e orate ORATA 6,53 7,53 
Spigole e orate SPIGOLA O BRANZINO 8,08 9,07 
Tonni, tonnetti e alalunghe PALAMITA 6,01 7,65 
Triglie TRIGLIA DI FANGO 8,23 10,17 
Trote e salmoni SALMONE 8,43 9,4 
Gamberetti e scampi SCAMPO 16,11 17,78 
Gamberi GAMBERI 5,7 7,23 
Gamberi GAMBERO ROSSO 11,31 12,56 

  

  

Annex 3. Minimum and maximum sales prices (€/kg) at the “Pescheria” of Catania, 
an historical big open air fishing market. Source ISMEA.
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Annex 4. Minimum and maximum sales prices (€/kg) at the fishing market of Aci Trezza, 
Catania. Source ISMEA.  
 

Category Market Species 
2018 2019 
P. min P. max 

€/Kg €/Kg 
Molluschi Calamari, calamaretti e totani CALAMARO 7,53 15,37 
Molluschi Cozze COZZE O MITILI 3,4 6,77 
Molluschi Polpi e moscardini MOSCARDINI 3,6 7,1 
Molluschi Polpi e moscardini POLPI 6,21 12,21 
Molluschi Seppie e seppiole SEPPIA 7,64 13,01 

Molluschi 
Vongole, cannolicchi, telline, 
cuori, fasolari VONGOLE 3,66 7,27 

Pesci Acciughe e sardine ACCIUGA O ALICE 3,64 7,22 
Pesci Acciughe e sardine SARDINA 3,62 7,14 

Pesci 
Aguglie, lampughe, bisi o 
tombarelli BISI O TOMBARELLI 3,62 7,15 

Pesci Aquile e razze (raiformi) RAZZE 3,55 7,17 

Pesci 
Boghe, menole, busbane e suri o 
sugarelli BOGA 3,55 6,82 

Pesci 
Boghe, menole, busbane e suri o 
sugarelli SURI O SUGARELLI 3,43 6,82 

Pesci Cefali e latterini CEFALI 3,24 6,42 
Pesci Cernie CERNIE 11,24 22,11 
Pesci Dentici, ombrine e corvine DENTICE 10,76 21,38 
Pesci Naselli e merluzzi MERLUZZI 4,73 9,34 

Pesci Pagelli, occhiate e pesce S. Pietro 
PAGELLO 
FRAGOLINO 3,45 6,89 

Pesci Pesce spada, barracuda e ricciola PESCE SPADA 10,76 19,57 
Pesci Pesce spada, barracuda e ricciola RICCIOLA 8,69 18,08 

Pesci Rombi e rane pescatrici 
ROSPO O RANA 
PESCATRICE 3,65 7,06 

Pesci Saraghi, mormore e pagri 
SARAGO 
SPARAGLIONE 10,31 20,56 

Pesci Sogliole, linguattole e zanchette SOGLIOLA 4,07 9,66 
Pesci Sgombri, lanzardi e palamiti SGOMBRO 3,52 6,97 
Pesci Spigole e orate ORATA 6,59 12,85 

Pesci Spigole e orate 
SPIGOLA O 
BRANZINO 6,58 13,55 

Pesci Tonni, tonnetti e alalunghe PALAMITA 6,54 12,88 
Pesci Tonni, tonnetti e alalunghe TONNI 6,93 13,17 
Pesci Triglie TRIGLIE 4,11 8,09 
Crostacei Gamberetti e scampi SCAMPO 3,68 7,09 
Crostacei Gamberi GAMBERO BIANCO 10,9 21,61 
Crostacei Gamberi GAMBERO ROSSO 12,31 24,46 

Annex 4. Minimum and maximum sales prices (€/kg) at the fishing market of Aci 
Trezza, Catania. Source ISMEA.
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Annex 5. Model of questionnaire for professional fishers who practice small-scale 
fishing. Our elaboration.
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1.	 List of the active vessels with regular licenses operating in the investigated area, consulting the 
local or the European fishing fleet register. 

2.	 Extrapolation of the vessels belonging to small-scale fisheries operating in coastal waters.
3.	 Calculate the 10% of the total number of the vessels resulting from the previous steps.
4.	 Divide the result for the total number of harbours in the study area which are far from the near-

est one more than 10 km. The result is the average number of fishing units to be interviewed in 
each harbour/fleet. (In case of two harbours far from the nearest one less than 10 km, consider 
only the biggest one for the count).

5.	 Check the presence of fishing units registered in a harbour and operating near another one. Con-
siderate these cases as belonged to the second harbour/fleet.

6.	 For each harbour/fleet at the point n. 4, list the number of licences for each fishing gear.
7.	 Consider for the sample one fishing unit for each type of gear in each harbour. If this selection 

gives a smaller number than the result at the point n. 4, add new fishing units starting repeating the 
category most representative and then the others, giving priority to vessels using the same fishing 
gear but in different areas or times.

8.	 If this selection give a bigger number than the result at the point n. 4, reduce the number of units 
having the same fishing gears in nearby fleets or, lacking of these, eliminate fishermen that are not 
full-time/year-round involved. 

9.	 Going in the field, verify the status of the vessels included in the registers. In case of differences, 
update the initial total number and recalculate the sample starting from the step 1.

10.	Add up all the fishing boats resulting from the point n. 7.
11.	 If the result at the point n. 9 is lower than the expected 10% at the point n. 3, add one or more fish-

ing units for each little harbour not yet considered, choosing possible peculiar cases or, lacking of 
these, the most subjected to depredation events.

12.	 If the result at the point n. 9 is greater than the expected 10% at the point n. 3, eliminate one or 
more fishing units that are not full-time/year-round involved.

•	 The final sample should be 10%±3 of the total fleet active in the investigated area.
•	 Fishing unit: fisherman with his vessel.
•	 Fishermen interviewed will give information on their main fishing gear and also on the others he uses. In this 

way, the technical polyvalence will acquire the right value.
•	 No data will be collected on fishing gears for which a fisherman has a license but he doesn’t use it.
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A n n e x   66..  E x t r a c t   o f   t h e   p r o t o c o l   u s e d   t o   
s t r a t i f y   t h e   s a mp l e s   o f   f i s h e r s   i n   t h e   f l e e t s   
b e l o n g i n g   t o   t h e   t h r e e   c o u n t r i e s   o f   t h e   
p r o j e c t ..  O u r   e l a b o r a t i o n ..  
 

 
 

1. L i s t  o f  t h e  a c t i v e  v e s s e l s  w i t h  
r e g u l a r  l i c e n s e s  o p e r a t i n g  i n  t h e  
i n v e s t i g a t e d  a r e a , c o n s u l t i n g  t h e  
l o c a l  o r  t h e  E u r o p e a n  f i s h i n g   f l e e t   
r e g i s t e r .  

2. E x t r a p o l a t i o n  o f  t h e  v e s s e l s  
b e l o n g i n g  t o  s m a l l --s c a l e  f i s h e r i e s  
o p e r a t i n g  i n  c o a s t a l  w a t e r s . 

3. C a l c u l a t e  t h e  1100%% o f  t h e  t o t a l  n u m b e r  
o f  t h e  v e s s e l s  r e s u l t i n g  f r o m  t h e  
p r e v i o u s  s t e p s . 

4. D i v i d e  t h e  r e s u l t  f o r  t h e  t o t a l   
n u mb e r   o f   h a r b o u r s  i n  t h e  s t u d y  a r e a  
w h i c h  a r e  f a r  f r o m  t h e  n e a r e s t  o n e  
m o r e  t h a n  10 k m . T h e  r e s u l t   i s   t h e   
a v e r a g e   n u m b e r  o f  f i s h i n g  u n i t s  t o  
b e  i n t e r v i e w e d  i n   e a c h   
h a r b o u r /f l e e t . (I n  c a s e  o f  t w o  

Annex 6. Extract of the protocol used to stratify the samples of fishers in the fleets 
belonging to the three countries of the project. Our elaboration.



167

Annex 7. Survey used by the observers onboard the Floating Laboratories. 
Our elaboration.
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A n n e x   77..  S u r v e y   u s e d   b y   t h e   o b s e r v e r s   o n b o a r d   
t h e   F l o a t i n g   L a b o r a t o r i e s ..  O u r   e l a b o r a t i o n ..  
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Annex 8. Observation survey used during monitoring 
activities onboard the sentry boat. Our elaboration.
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Annex 9. Sighting survey used during monitoring activities 
onboard the sentry boat. Our elaboration.
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Annex 10. Survey used to collect data about cetacean-fishery interaction 
during sightings from the sentry boat. Our elaboration.
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Annex 11. Register compiled by fishers for each fishing trip. Our elaboration.
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A n n e x   1111..  R e g i s t e r   c o mp i l e d   b y   f i s h e r s   f o r   
e a c h   f i s h i n g   t r i p ..  O u r   e l a b o r a t i o n ..  
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A n n e x   1122..  T r a c k s   c o v e r e d   b y   o b s e r v e r s   d u r i n g   t h e   
“ F l o a t i n g   L a b o r a t o r i e s ”   p r o g r a mm e ,,  b o t h   
o n b o a r d   s m a l l --s c a l e   f i s h i n g   v e s s e l s   a n d   t h e   
s e n t r y   b o a t   i n   t h e   G u l f   o f   C a t a n i a ..  O u r   
e l a b o r a t i o n   w i t h   A r c G I S ..  
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Annex 12. Tracks covered by observers during the “Floating Laboratories” 
programme, both onboard small-scale fishing vessels and the sentry boat in 
the Gulf of Catania. Our elaboration with ArcGIS.Interaction between cetaceans and small-scale fisheries in the Mediterranean                                           FINAL REPORT 
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Annex 13. Average characteristics of the small-scale fishing gears used in North-Eastern Sicily. 
In the fourth column, referring to the species caught, the meaning of the acronyms is: N = 
gear multispecies; Y = gear monospecies; A = single-species gear that can sometimes fish a 
limited number of other species and in minimum quantities. Our elaboration.
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Annex 14. Target species of the main fishing gears used by small-scale fisheries 
in North-Eastern Sicily. Update of Monaco, 2016.
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Annex 15. Spatial distribution of the Floating Laboratories units in the Gulf of Catania, 
grouped per used fishing gear (July-October 2019). Our elaboration with ArcGIS.
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Annex 16. Spatial distribution of the Floating Laboratories units in the Gulf of 
Catania, grouped per degree of selectivity of the used fishing gears (July-Oc-
tober 2019). Our elaboration with ArcGIS.
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A n n e x   1166..  S p a t i a l   d i s t r i b u t i o n   o f   t h e   F l o a t i n g   
L a b o r a t o r i e s   u n i t s   i n   t h e   G u l f   o f   C a t a n i a ,,  
g r o u p e d   p e r   d e g r e e   o f   s e l e c t i v i t y   o f   t h e   u s e d   
f i s h i n g   g e a r s   ((J u l y --O c t o b e r   22001199))..  O u r   
e l a b o r a t i o n   w i t h   A r c G I S ..  
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Annex 17. Spatial clusters of high values related to the fishing effort of the Floating Labora-
tories in the Gulf of Catania, applying a Hot Spot Analysis (Getis-Ord Gi) to the time during 
which gears are set underwater to catch (July-October 2019). Our elaboration with ArcGIS.
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d u r i n g   w h i c h   g e a r s   a r e   s e t   u n d e r w a t e r   t o   c a t c h   
((J u l y --O c t o b e r   22001199))..  O u r   e l a b o r a t i o n   w i t h   A r c G I S ..  
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Annex 18. Spatial clusters of high values related to the fishing effort of the Floating Labo-
ratories in the Gulf of Catania, applying a Hot Spot Analysis (Getis-Ord Gi) to kg of captured 
seafood for each set (July-October 2019). Our elaboration with ArcGIS.
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Annex 18. Spatial clusters of high values related to the fishing effort of the Floating 
Laboratories in the Gulf of Catania, applying a Hot Spot Analysis (Getis-Ord Gi) to kg of 
captured seafood for each set (July-October 2019). Our elaboration with ArcGIS. 
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Annex 19. Fishing effort in terms of time spent per set made by the Floating Laboratories 
in the Gulf of Catania, applying a Kernel density function (July-October 2019). Our elabora-
tion with ArcGIS.
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f u n c t i o n   ((J u l y --O c t o b e r   22001199))..  O u r   e l a b o r a t i o n   
w i t h   A r c G I S ..  
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Annex 20. Fishing effort in terms of quantity of catches per set made by the Floating Labo-
ratories in the Gulf of Catania, applying a Kernel density function max 110 650 value (July-
-October 2019). Our elaboration with ArcGIS.
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Annex 20. Fishing effort in terms of quantity of catches per set made by the Floating 
Laboratories in the Gulf of Catania, applying a Kernel density function max 110 650 value 
(July-October 2019). Our elaboration with ArcGIS. 
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Annex 21. Fishing effort in terms of quantity of catches per set made by the Floating La-
boratories in the Gulf of Catania, applying a Kernel density function max 3 273 454 value 
(July-October 2019). Our elaboration with ArcGIS.
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K e r n e l   d e n s i t y   f u n c t i o n   ma x   33  227733  445544  v a l u e   ((J u l y --
O c t o b e r   22001199))..  O u r   e l a b o r a t i o n   w i t h   A r c G I S ..  
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Annex 22. Spatial distribution and duration of the fishing sets made by the Floating Labo-
ratories with observers onboard in the Gulf of Catania, (July-October 2019). Our elaboration 
with ArcGIS.
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G u l f   o f   C a t a n i a ,,  ((J u l y --O c t o b e r   22001199))..  O u r   
e l a b o r a t i o n   w i t h   A r c G I S ..  
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Annex 23. Spatial distribution of fishing sets made by the Floating labs network and sigh-
ting of cetacean during which depredation events occurred, Gulf of Catania (July-October 
2019). Our elaboration with ArcGIS.

Interaction between cetaceans and small-scale fisheries in the Mediterranean                                           FINAL REPORT 
Sicilian Floating Laboratories Initiative 
  

276 
 

o c c u r r e d ,,  G u l f   o f   C a t a n i a   ((J u l y --O c t o b e r   22001199))..  O u r   
e l a b o r a t i o n   w i t h   A r c G I S ..  
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Annex 24. Transformed variables of the correlations occurred during 45 sets of the Floating Labs 
network with the occurrence of depredation events (dimension 1). Our elaboration with SPSS.




