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Preparation of this document

his technical document was prepared within the framework of the project on “Mitigating the

negative interactions between threatened marine species and fishing activities”, coordinated
by the Secretariats of the Agreement on the Conservation of Cetaceans of the Black Sea,
Mediterranean Sea and contiguous Atlantic area (ACCOBAMS) and of the General Fisheries
Commission for the Mediterranean (GFCM) in 2015-2018. The Regional Activity Centre
for Specially Protected Areas (RAC/SPA) of the United Nations Environment Programme/
Mediterranean Action Plan (UN Environment/MAP) also collaborated on the project.

Supported by the MAVA Foundation, this project focused on the conservation of endangered
marine species, such as marine mammals, sea turtles, sharks and seabirds, in order to promote
responsible fishing practices in the Mediterranean, in line with the relevant provisions adopted at
the regional level within the framework of ACCOBAMS, GFCM and UNEP/MAP.

Practical fieldwork for this project included the implementation of pilot activities in Algeria,
France, Morocco, Spain and Tunisia in order to assess and mitigate the negative interactions
between endangered species and fisheries. The methodology implemented was similar for each
pilot action: the national coordinators engaged in a participatory approach with fishers, and after
a preliminary phase dedicated to data collection and the identification of the main issues, fishing
mitigation measures were tested, when possible, so as to limit the incidental catch of endangered
species, as well as depredation. In order to build on existing experiments and lessons learned, the
project included the preparation of a review of fishing mitigation measures and techniques tested
worldwide to mitigate bycatch and depredation, which is presented in this document.

This report gathers recent literature, international reports and guidelines addressing bycatch
and depredation issues in different parts of the world. International experts and scientists
worldwide were consulted so as to gather up-to-date information on experiences regarding
bycatch/depredation mitigation, including the results of experiments carried out to test (or to
develop) equipment and devices aimed at decreasing the interactions between vulnerable marine
species and fisheries. Fruitful exchanges were held with scientists from the National Oceanic and
Atmospheric Administration (NOAA) in the United States of America, the University of Saint
Andrews in the United Kingdom, the University of Minho in Portugal, the Institut francais de
recherche pour I'exploitation de la mer (Ifremer) in France and the Inter-American Tropical Tuna
Commission (IATTC).

Mitigation measures are grouped according to the main categories of fishing gear — gillnets and
trammel nets, longlines and lines, trawls, purse seines, traps and pots — and further subdivided
according to the four main groups of vulnerable species — marine mammals, seabirds, sharks and
rays, and sea turtles. The bibliography at the end of this report includes all sources cited in the
text, as well as separate additional material used for the writing of the publication, but not directly
cited. Finally, a glossary at the end of this publication provides explanations and definitions of the
technical terms used throughout the document.



Abstract

I nteractions between fisheries and marine vulnerable species, in particular marine mammals,
seabirds, sharks and rays, and sea turtles, represent a global conservation issue, and mitigating
the impacts of these interactions is an important step to ensure the sustainability of fisheries.

This literature review presents information on mitigation measures and techniques that have
been developed and tested worldwide in order to address both the incidental catch of highly
mobile species (marine mammals, seabirds, sharks and rays, and sea turtles) and depredation
caused by dolphins. It is based on more than 300 documents, including peer-reviewed
publications, reports from international organizations and papers available on the Internet.
Most of the mitigation techniques illustrated are still under development and very few have
been adopted through legislation.

Mitigation measures are presented according to the main groups of fishing gear — gillnets
and trammel nets, longlines and lines, trawls, purse seines, traps and pots — and subdivided
according to the four main groups of vulnerable species: marine mammals, seabirds, sharks and
rays, and sea turtles. Preventive and curative approaches covering both technical measures (gear
modifications, strategies, as well as acoustic, visual, magnetic and chemosensory deterrents) and
management measures are described.
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1. Introduction

I\/I arine megafauna, which are highly migratory for the most part and travel widely across the
oceans, are susceptible to many forms of human pressure. Among these stresses, bycatch
fishing has increased exponentially in recent years and is considered a serious threat to these highly
vulnerable species, especially in certain regions. Minimizing bycatch is therefore a key component
of sustainable fisheries management in order to maintain marine biodiversity and consequently
reduce negative effects on marine resources (see Hall, 1996; Hall, Alverson and Metuzals, 2000).

The aim of this document is to present various experimental approaches and strategies for
reducing the bycatch of vulnerable species that can hopefully serve as examples for fisheries facing
the same problems. This review of the different mitigation measures draws on an analysis of the
available literature, comprising scientific journal articles together with reports from international
organizations and documents available on the Internet.

The following review is guided by the principle that instead of the vulnerable species themselves,
fishing activities should be the targets of the technical or management measures required to reduce
the impacts of unwanted interactions between these species and fisheries. From the definition
of fishing gear categories (Nédélec and Prado, 1990; FAO, 2013), two broad categories can be
identified: mobile fishing gear (e.g. trawls and purse seines, etc.) on the one hand and static fishing
gear (e.g. gillnets and other entangling nets, longlines and lines, trap nets and pots, etc.) on the
other. The various solutions found in the relevant literature are examined for each of the main
groups of vulnerable species (marine mammals, seabirds, sharks and sea turtles).






2. Trawls

2.1 Marine mammals

Marine mammals are reported to be caught more often by pelagic or midwater trawls (for
example, Fertl and Leatherwood, 1997; Hamilton and Baker, 2019; Fortuna et al., 2010) than by
demersal trawls, which have a greater effect on seals, though they may occasionally be responsible
for catching dolphins as observed in some fisheries in the United States of America (Jannot et al.,
2011; Waring et al., 2016) or in Australian waters (Allen et al., 2014).

Several studies, mainly in the United States of America and in Europe, have attempted to resolve
the issue of marine mammal mortality in trawl fisheries. They have focused especially on small
dolphin bycatch, of, for example, the harbour porpoise (Phocoena phocoena), the short-beaked
common dolphin (Delphinus delphis) and the common bottlenose dolphin (Tursiops truncatus). Some
of the various solutions examined below seek to avoid bycatch through dissuasion, using either
physical barriers or acoustic deterrents. Other techniques aim to reduce the risk of drowning and
employ exclusion devices enabling large specimens to escape.

2.1.1 Exclusion barriers

While the results of trials in which vertical ropes were employed before trawl extension (de Haan
et al., 1998) have not convincingly shown that there are benefits to their use, square-mesh barriers
placed further forward (the NECESSITY project; ICES, 2021), at the level of the junction with
the large mesh, could perform better. However, this solution did not prevent the enmeshment of
dolphins in the barrier or their entanglement in the large meshes at the front part of the trawl (i.e
the trawl body).

2.1.2 Bycatch reduction devices

According to the definition of the Food and Agriculture Organization of the United Nations
(FAQ), bycatch reduction devices (BRDs) are devices inserted in a fishing gear, usually a trawl,
to allow for the live escape of unwanted species (including jellyfish), individuals (juveniles) or
endangered species (such as seals, sea turtles and dolphins). Various types can be used depending
on the type of bycatch that the fishers wish to exclude (FAO, 2004; 2021a).

Bycatch reduction devices used to prevent marine mammals and other large vertebrates from
being caught consist primarily of an inclined grid placed in front of the codend in order to deflect
the animals towards an escape opening at either the top or bottom (FAO, 2021a; Northridge et al.,
2011).

Since the end of the 1990s, BRDs have been used in several pelagic trawl fisheries (for example, in
the French and British pelagic pair trawl (Figure 1) fisheries for seabass (Dicentrarchus labrax), with
mixed success in reducing the bycatch of small cetaceans (dolphins) and seals (Lyle and Willcox,
2008; Northridge, 2003; Larnaud et al., 2006; Northridge et al., 2011; Baker et al., 2014).

In the Mauritanian exclusive economic zone, Zeeberg, Corten and de Graaf (2006) indicated
that, in May or in summer, 50 to 70 freezer pelagic trawlers fishing sardinella (Sardinella aurita) can
incidentally capture pods of 10 to 20 long-finned pilot whales (Globicephala melas) or groups of 5 to
30 dolphins, mostly the short-beaked common dolphin. From their own observations, the authors
estimated an annual removal of between 70 and 720 dolphins by the complete trawler fleet. In an
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FIGURE 1
Midwater pair-trawl

Redrawn from FAO, 2021a.

effort to reduce the bycatch of cetaceans, as well as of other vulnerable species (sharks, rays and
sea turtles), a megafaunal excluder device known as the large animal reduction device, made of a
filter grid connected to an escape tunnel, was positioned before the last part of the trawl net (the
codend). While rays, sharks and sea turtles nearly all escaped through this BRD, none of the eight
short-beaked common dolphins caught managed to pass through the escape opening (de Haan
and Zeeberg, 2005; Zeeberg, Corten and de Graaf, 2006).

In contrast, a significant reduction in bycatch rates of bottlenose dolphins has been achieved
in the Pilbara trawl fishery, a bottom trawl fishery operating off the coast of Western Australia
(Stephenson, Wellsand King, 2008). T his fishery targets a variety of fish species, including emperors
(for example, Lethrinus punctulatus) and snappers (Lutjanus spp.) Nevertheless, the Pilbara trawl fishery
is responsible for the bycatch of numerous shark and ray species and of protected species of sea
turtles, sawfish (Pristidae) and sea snakes, as well as of bottlenose dolphins, which deliberately
enter the trawl nets to depredate captured fish (Stephenson and Chidlow, 2003). According to
Stephenson and Wells (2006), the Pilbara trawl fishery captures approximately 70 dolphins per
year, which are nearly always killed. However, the use of a semi-flexible exclusion grid (Figure 2)
has been shown to reduce the capture of bottlenose dolphins by about half (Stephenson, Wells
and King, 2008).

Despite these advances, no further reduction in dolphin bycatch has been observed since these
BRDs were introduced to this fishery, meaning further technical improvements are needed, such
as modified BRDs (Figure 3) with top-opening escape hatches (Northridge, Vernicos and Raitsos-
Exarchopolous, 2003; Allen et al., 2014).

On the other hand, underwater observations made with cameras during experiments on BRDs
in the Pilbara trawl fishery (MacKay, 2011) have shown that bottlenose dolphins deliberately
entering the trawl cannot easily cope with trawling at high speeds. Even with the exclusion grid in
place, the dolphins prefer to seek the known exit at the entrance of the trawl and thus risk being
trapped. This behavior can lead to mortality, especially when hauling in the trawl net (Wakefield
etal., 2017).
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Although escape devices, such as
BRDs, can be beneficial in reducing
the bycatch of small cetaceans by
trawls with minimal effects on the
target catch, further studies are
needed to indicate if these devices
are fully effective in reducing the
mortality of escaped animals (FAO,
2018).

2.1.3 Acoustic deterrents

The emission of acoustic signals
between 99 and 117 dB at frequencies
ranging from 7.5 to 140 kHz is
sufficient to keep the harbour
porpoise away from the trawls
(Kastelein, de Haan and Verboom,
2007; de Haan et al., 1998;). However,
acoustic deterrents are of limited use

given the habituation capacity of cetaceans (Zollett and Rosenberg, 2005). Over a variable period,
the mammals come to recognize the emitted sound as a signal for available food (the dinner-bell
effect). The downside of employing increasingly stronger emissions, such as those used in certain
devices to prevent seals from approaching fish farms (for example, the acoustic harassment device
emits noise at more than 190 dB), is the serious auditory damage likely done to cetaceans (Olesiuk

et al., 2002).

FIGURE 3
Top opening escape for small cetaceans

Adapted from Northridge, 2003.
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2.1.4 Alternative methods

Cetacean—fishery interactions can be minimized by gear modifications, time or area closures or adapting
fishing practices. Fernandez-Contreras et al. (2010) found that if pelagic trawlers only operated in
water deeper than 250 m, the bycatch of common dolphins could be significantly reduced and almost
entirely avoided if fishing was restricted to waters over 300 m deep. Several studies have found that most
bycatch in trawls occurs during nocturnal trawling (for example, Morizur et al., 1999; Lépez et al., 2003;
Fernandez-Contreras et al., 2010). Therefore, limiting trawling to only daylight hours, or hauling in the
gear more slowly at night, as well as not setting gear when cetaceans are present, would reduce cetacean
bycatch (Read, Drinker and Northridge, 2006; Read and Dollman, 2017).

2.2 Seabirds

In trawl fisheries, seabirds can become entangled in the net and sometimes strangled in the
cables pulling the trawl or the acoustic net-sounder monitor cable (Bartle, 1991; Weimerskirch,
Capdeville and Duhamel, 2000). Large-winged birds such as albatrosses are the most vulnerable
(Small and Taylor, 2006). Only visual deterrents have been proposed as of the publication of this
review as seabird deterrents.

2.2.1 Streamer lines

During the austral spring, when albatross density and incidental mortality are high in the waters
around the Falkland Islands, Sullivan et al. (2006) conducted trials onboard a stern trawler in 2003
to compare the efficacy of three streamer line devices (warp scarer, Brady baffler and Tori lines).

The warp scarer consists of a series of rings, joined by a length of square netting and a rope with
reflective tape hanging from each ring. The Brady baffler is a pair of towers, one fitted to each
side of the stern gantry, accompanied by two steel arms, one aft of the stern and one outboard,
with ropes and plastic.

Tori lines used for longlines were adapted for trawls with one line attached to one side of the
vessel’s stern and the other attached above the trawl deck.

Results showed that the Tori lines are slightly more efficient than the two other systems in terms
of reducing seabird contacts, with additional advantages including lower costs, smaller space
requirements and easier set-up.

Testing different repellent devices on two trawls targeting walleye pollock (Theragra chalcogramma) in
the eastern Bering Sea, Melvin et al. (2011) came to the same conclusion that seabird warp strikes
can be reduced with properly deployed streamer lines and by limiting the aerial prominence of
wires (particularly the sonar wire cable).

Because their effectiveness was limited in cases of rough seas (Bull, 2009), Snell, Brickle and
Wolfaardt (2012) have refined the oiginal design for reducing mortality of albatrosses and petrels
by collision with warp cables on stern trawlers in the Falkland Islands. The modification consists
of shortening the length of the Tori lines, allowing the devices to ride over the waves with the float
buoy (used as a towed device) without any risk of breakage and to be deviated less from the warps
in rough seas and crosswinds (Figure 4). The new Tori lines (TL-2008) were found by the crew to
be easy and fast and safe for retrieval thanks to the addition of a lazy line attached to the streamer
and the vessel. Consequently, since 2009, the TL-2008 have been prescribed as a mandatory
requirement for all trawl vessels in the Falkland Islands.
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FIGURE 4
Tori lines for trawls
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Each line consists of 50 m of rope with a buoy attached to the end for tension; six streamers made of yellow plastic
ribbons are attached at 5 m intervals along the stream line and above the warps.

Redrawn from Sullivan et al., 2006 and Bull, 2009.

2.2.2 Laser beams

The use of lasers as a deterrent for birds has been considered but research on their effectiveness
and consequences for avian visual systems remain limited (Blackwell, Bernhardt and Dolbeer,
2002; Glahn et al., 2001). Since 2013, Mustad Autoline, in partnership with SaveWave, has
developed and marketed the SeaBird Saver, a laser-based tool for preventing seabird interactions
with longline fishing gear. The SeaBird Saver was awarded the 2014 World Wildlife Fund Smart
Gear Competition Tuna Bycatch Reduction prize and second place in the Nor-Fishing Foundation
competition for innovation.

Preliminary tests have shown that the SeaBird Saver is capable of dispersing an assemblage of
seabirds largely dominated by gulls (Larus spp.) far from the stern of the ship at both dawn and
dusk, and in cloudy, rainy or misty conditions (Schrijver, 2014). However, these results have not
been confirmed since then. During field trials with this device on a trawler in 2015, only one of
the 14 observations showed a dramatic avoidance response by gulls to the laser beam. In addition,
this response was recorded mainly at night, suggesting that the effects of the laser may be limited
to low-light conditions and perhaps also species-specific (Melvin et al., 2016).

2.3 Sharks and rays

Towed by one or two boats as they are pulled along the seafloor or in midwaters, trawls are
responsible for significant bycatch and mortality of various species of sharks. Trawlers targeting
small pelagic species with their large vertical-opening trawl nets can occasionally catch pelagic
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sharks, such as blue sharks (Prionace glauca), common threshers (Alopias vulpinus) and shortfin mako
sharks (Isurus oxyrinchus). Although not usually targeted by bottom trawlers, sharks can form a
significant part of their catch as well. Bottom trawlers mainly targeting deep-water shrimps and
Norway lobster (Nephrops norvegicus), usually discard large quantities of small shark species, such
as small-spotted catshark (Scyliorhinus canicula), smooth hound sharks (Mustelus spp.), blackmouth
catshark (Galeus melastomus), and velvet belly lanternshark (Etmopterus spinax) among others.

2.3.1 Fishing gear improvements

Tickler chains

In the mixed-species bottom-trawl fisheries of the North Atlantic, catches can be increased by
fitting a length of chain known as a tickler in front of the trawl’s ground gear; Kynoch, Fryer
and Neat (2015) have demonstrated that the catch rate of skates and sharks can be significantly
lowered by removing the tickler.

Bycatch reduction devices

Adapting the BRDs used for sea turtles would be an effective means of reducing shark mortality
rates by allowing them escape routes during trawling. Successfully tested in Australian fisheries,
these escape systems placed before the trawl codend (Figure 5) consist of a rigid sorting grid that
forces sharks and rays downward to a covered escape opening and a guiding funnel, which helps
the target species pass through the grid (Brewer et al., 1998). Some of these systems, such as the
NAFTED or the Super shooter, work as well for sharks and rays as for sea turtles.

In 2001, Brewer et al. (2006) assessed the effect of turtle excluder devices (TEDs) using pair trawl
comparisons in Australia’s northern prawn fishery. The results showed a reduction of shark
bycatch by 17.7 percent, including of species like the whitecheek shark (Carcharhinus dussumieri)
and the Australian blacktip shark (Carcharhinus tilstoni), and by 36.3 percent for ray species, such as
the white-spotted guitarfish (Rhynchobatus australiae), the Australian butterfly ray (Gymnura australis)
and the black-spotted whipray (Himantura toshi), in comparison with control nets without TEDs.
According to the authors, the introduction of TEDs in 2000 in this fishery, in combination with
the retention ban on elasmobranch products in 2001, which aimed to eliminate the practice of
shark finning, has reduced the capture of large sharks by 86 percent and of rays by 94 percent,
as well as the capture of the most commonly caught sawfish, the narrow sawfish (Anoxypristis
cuspidata), by 73.3 percent, but has not significantly reduced the catch of smaller sharks and rays.

FIGURE 5
Selective device enabling benthic species (including rays and sharks) to escape

guiding

super shooter
funnel P

sorting grid

covered escape
opening

Redrawn from Brewer et al., 1998.



















































































































































































































































Discussion and conclusions

TABLE 3 - Overview of mitigation measures, by fishing gear and group of vulnerable species

MITIGATION MEASURES

CETACEANS

SEABIRDS

SHARKS AND RAYS

SEATURTLES

Gear modification

Escape devices

Escape devices
tickler chain

TEDs

Avoid breeding areas,

Tow duration,

Setting discarding fish at sea season and depth
Acoustic Acoustic deterrents
Deterrents Streamline
Visual
Laser beam

Effort and strategy

Regulations on: licence number, horsepower, setting duration, tows number,
spatio-temporal closures

MITIGATION MEASURES

CETACEANS

SEABIRDS

SHARKS AND RAYS

SEATURTLES

Gear modification
Backdown, net strengthening

Purse seine
strengthening

Escape devices

Setting
Avoid setting under whales

Implementation of ecological FADs

Avoid breeding
areas, discarding

Avoid setting under
whale sharks

fish at sea
Acoustic Acoustic deterrents | Acoustic deterrents
Deterrents | Chemosensory RS Sh.a r-ks eIl
purse seining area
Visual Visual scarers

MITIGATION MEASURES CETACEANS SEABIRDS SHARKS AND RAYS SEATURTLES
Gear modification Slackn_ess Slackness reduction
reduction
Setting Break links Minimum set depth
Acoustic Acoustic deterrents Acoustic alarm Acoustic
deterrents
Chemical .
Chemosensory Chemical deterrents
deterrents
Deterrents Lumi
Visual Visual deterrents Net panel visibility _-uminous or
visual deterrents
. Magnets or electro-
Magnetic acoustic deterrents

Effort and strategy

Regulations on: licence number, horsepower, setting duration, tows number, spatio-

temporal closures

methods used and applicable

methods under development

methods subject of ongoing research
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Ghost Fshing: Occurs when lost or discarded fshing gear that is no longer under a fsher’s control continues
to trap and kill fsh, crustaceans, marine mammals, sea turtles and seabirds.

Gillnet: With this type of fshing gear, fsh are gilled, entangled or enmeshed in the netting, which may
be either single (gillnets) or triple (trammel nets). Several types of nets may be combined in one gear (for
example, a trammel net combined with a gillnet). These nets can be used either alone or, as is more common,
in large numbers placed in line (Feets of nets). According to their design, ballasting and buoyancy, these nets
may be used to fsh on the surface, in midwater or on the bottom.

Habituation: Non-associative learning involving a reduction in behavioural response after repeated exposure
to stimuli, not due to sensory fatigue (Groves and Thompson, 1970).

Incidental catch or accidental catch: Non-target species captured during their attempts to take bait or
other species already caught by fshing gear or taken simply through proximity to the fshing gear. See bycatch.

Lazy line: A slack line attached from a vessel to a cable under tension set at sea (trolling line, streamer lines,
etc.) to allow for easy retrieval from the vessel deck.

Mesh size: The size of holes in a fshing net. Minimum mesh sizes are often prescribed by regulations in
order to avoid the capture of young valuable species before they have reached their optimal size for capture.

Mitigation measures: Modifcations to fshing practices and/or equipment that reduce the likelihood of
incidental catch.

Mobile gear: Fishing gear that requires the movement of the fshing vessel to be deployed.
Netsonde: See acoustic netsounder.

Neritic: Relates to the ocean domain above the continental shelf and top edge of the continental slope.
Corresponds to nearshore waters.

Pelagic: Relating to, living or occurring in the open sea.

Pinniped: Of the suborder (Pinnipedia) of aquatic carnivorous mammals (such as the walrus or seals) with
all four limbs modifed into Fippers.

Prawns: Colloquial term which is used for large swimming shrimps.

Safe Lead: An alternative line weight in longline fshing, the Safe Lead is designed to slide down, or of of,
the line, in the event of a bite-of, signifcantly reducing danger to the crew from fy-backs of line weights
(Sullivan et al., 2012).

Selective gear: A gear which allows fshers to capture few (if any) species other than the target species.

Soak time: Time calculated from the point in which each individual unit of fshing gear has been set, to
the time when removal of the same unit begins. It can also be considered as the length of time fshing gear is
submerged between hauls; reducing it appears to change bycatch probabilities.

Static/passive gear: A collective term for gear set to allow fsh to swim into it, often through the encourament
of attached bait, i.e. nets, long lines and traps.

Teleosts: Of or belonging to the Teleostei, a large group of fshes with bony skeletons, including most
common Fshes. The teleosts are distinct from the cartilaginous fshes such as sharks, rays and skates.

Trolling: Towing, close to the surface or in midwater, one or more lines with hooks holding an attractive bait
or lure behind a moving boat.

Turtle excluder device (TED): A grid of bars with an opening either at the top or the bottom of the trawl
net. The grid is ftted into the neck of a shrimp trawl. Small animals such as shrimps pass through the bars
and are caught in the bag end of the trawl. When larger animals, such as sea turtles and sharks, are captured
in the trawl, they strike the grid bars and can leave through the opening.

Vulnerable species: A taxon is considered vulnerable when it faces a high risk of extinction in the wild in
the medium-term future. For the purpose of this document, the lists of seabirds, sea turtles, marine mammals
and shark species included in Appendix 11 (endangered or threatened species) and Appendix 1 (species whose
exploitation is regulated) of the Convention for the Protection of the Marine Environment and the Coastal
Region of the Mediterranean (the Barcelona Convention), together with elasmobranch species included in
the IUCN Red List of Threatened Species, and benthic species pertaining to vulnerable marine ecosystems
have been used.

Warp cable: Fishing gear consisting of a trawl net attached to a wire warp, which is in turn fxed securely
to the winch drum.









