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The term bycatch commonly refers to that part of a fisher’s catch which is not targeted.
The importance of reducing bycatch and minimizing ecological impacts of fishing operations
has been emphasized by scientists and fishery managers, and recognized by fishermen. FAO
Code of Conduct for Responsible Fisheries has given priority status to development and
improvement of fishing technology that eliminates bycatch and selectively target fish in a
way that promotes sustainability and conservation. Any device that can be used to reduce
or exclude bycatch is generally known as bycatch reduction device (BRD). BRDs that have
rigid structures in their construction are designated as hard BRDs. In this paper, significance
of hard BRDs in bycatch reduction in trawls and different hard BRDs in vogue in world
fisheries, are reviewed. Flat grid, bent grid, slotted grid, oval grid, hooped and fixed angle
grid BRDs, BRDs with rigid escape slots, semi-flexible BRDs and combination BRDs are

discussed.
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Bycatch and discards are common
problems faced by all fisheries globally. It is
recognized as unavoidable in any kind of
fishing but the quantity varies according to
the gear operated (McCaughran, 1992; Riedel
& DeAlteris, 1995; Pillai, 1998; Fonseca et al.,
2005a; Madsen & Hanson, 2001). The target
catch is the catch of a species or species
assemblage, which is primarily sought in a
fishery and the bycatch is the incidental
catch of non-targeted species that is either
retained or discarded due to economic, legal
or personal considerations.

Global bycatch by the world’s marine
fishing fleets was estimated at 28.7 million
tonnes in 1994, of which 27.0 million tonnes
(range : 17.9-39.5 million t) were discarded
annually and shrimp trawling alone ac-
counted for 9.5 million t (35 %) of discards
annually (Alverson et al, 1994). In 1998,

Trawl bycatch, bycatch reduction devices, hard BRDs, trawling

FAO estimated a global discard level of 20
million tonnes (FAO, 1999). Average annual
global discards, has been re-estimated to be
7.3 million tonnes, based on a weighted
discard rate of 8%, during 1992-2001 period
(Kelleher, 2005). Trawl fisheries for shrimps
and demersal finfishes account for over 50%
of the total estimated global discards.
Tropical shrimp trawl fisheries have the
highest discard rate and accounts for over
27% of total estimated discards (Kelleher,
2005). In tropical countries like India,
bycatch issue is more complex due to the
multi-species nature of the fisheries. The
bycatch in Indian shrimp trawling is a
serious problem accounting for 70-90% of
the total catch. However, with the decline
of shrimp catch, bycatch began to contribute
significantly to the overall income of the
shrimp trawlers. Among the bycatch, about
40% consisted of juveniles and sub-adults
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that are invariably discarded leading to the
depletion of the resources (Pillai, 1998; Pillai
et al., 2004).

Fish are discarded when the fish is of
wrong species, wrong size Or sex, poison-
ous, damaged and when the fish is
incompatible with rest of the catch. Other
aspects like lack of space onboard and high
~grading also result in discards. Prohibited
aquatic species incidentally caught are also
discarded (Clucas, 1996). During the last
two decades fishery scientists, resource
managers, fishermen, conservation and
environmental groups have been actively
working towards addressing bycatch issues.
Development and implementation of selec-
tive fishing methods in order to minimize
ecological and environmental impacts of
fishing have been recognized as one of the
greatest challenges in fisheries management,
in recent times (Andrew & Pepperell, 1992;
FAQ, 1995; 1996; 1997, 2009; Prado, 1997;
Hameed & Boopendranath, 2000;
Boopendranath et al., 2003; 2008; Eayrs,
2005; Gibinkumar et al., 2005; Boopendranath,
2007, 2009; Boopendranath & Pravin, 2009).

Incorporation of BRDs is considered as
one of the simplest and efficient ways of
increasing the selectivity of fishing gears.
BRD can be defined as any device that can
be incorporated in a fishing gear in order to
exclude or reduce non targeted and un-
wanted catch in a fishing system and thereby
making it more selective. BRDs are also
known as trawl efficiency devices or trash
excluder devices. Incidental turtle mortality
during commercial shrimp trawling in
coastal waters of Orissa has been reported
by Gopi et al. (2002). Turtle Excluder Devices
(TED) are a specific type of BRD designed
to exclude sea turtles. Development of TED
for Indian fisheries has been reviewed by
Boopendranath et al. (2010a). Details of CIFT-
TED have been described by Dawson &
Boopendranath (2003) and its implementa-
tion in Andhra Pradesh has been reported
by Sankar & Raju (2003).

Significance of BRDs

According to Brewer et al. (1998) and
Salini et al. (2000) there are four main
advantages in reducing the amount of
unwanted bycatch in shrimp trawls: (i) it
reduces the impact of trawling on the marine
community, including vulnerable or endan-
gered species; (ii) fishers could benefit
economically from higher catch values,
reduction in capture of large bycatch species
which damages the shrimp caught, shorter
sorting time, lower fuel costs (due to
reduced net drag), and longer tow times (the
codend would fill more slowly); (iii) fishers
would face less criticism from conservation
groups; and (iv) recreational and non-shrimp
commercial fisheries would benefit from a
reduced impact on species of their concern.

Principles of BRDs

BRDs have been developed taking into
consideration the differential behaviour pat-
terns such as differences in swimming speed
and vertical distribution and size selectivity
of targeted and non-targeted organisms. The
fish gerierally are active and are capable of
swimming against the water flow inside the
net and could escape if an opportunity is
provided while the shrimps are carried by
the flow of water into the codend (Pillai,
1998; Broadhurst, 2000; Hameed &
Boopendranath, 2000; Dawson, 2000;
Matsushita & Yoshiki, 2000; Boopendranath
et al., 2003). A schematic diagram of typical
BRDs is given in Fig. 1.

Fig. 1. Schematic diagram of BRDs

Classification of BRDs

Most of the BRDs have been developed
through intensive research, taking into
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consideration the characteristics of the fish-
ery and geographical peculiarities of the
region. There is no standard classification for
BRDs in the literature except a generalized
categorization (Talavera, 1997; Mitchell et al.,
1995; Pillai, 1998; Broadhurst, 2000). A
classification of BRDs based on the structure,
materials used and principles of operation is
given in Fig. 2.

BRDs
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HARD BRDs

BROSWITHGRIDS  BROSWITHSLOTS SEMIFLEXBLE BROS
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L BEND GRIDS FieH SLoT PLASTIC GRID

> SLOTTED GRIDS POPEYE PA- RUBBER GRID
|- 0w GraDe

- HOOPELY FIXED ANGLE

Fig. 2. Classification of BRDs

BRDs can be broadly classified into
three categories based on the type of
materials used for their construction, as hard
BRDs, soft BRDs and combination BRDs.
Hard BRDs are those, which use hard / semi
flexible grids as separating devices in their
construction. Soft BRDs make use of large
meshed netting panels or large openings
made in the netting to facilitate the escape
of bycatch (Boopendranath et al., 2010b). In
combination BRDs more than one BRDs are
used in a single system. Hard BRDs can be
broadly classified into BRDs with grids,
BRDs with slots and semi-flexible BRDs.
BRDs with grids can be further classified
into flat grid BRDs, bent grid BRDs, oval
grid BRDs, slotted grid BRDs, hooped and
fixed angle BRDs. The materials used for
making hard BRDs include solid steel rods,
aluminium rods, steel or aluminium tubing,
fibreglass rods, polyamide grids etc. Over
30 different hard BRD designs have been

developed for different resource groups and
fishing areas.

Flat grid BRDs

Flat grid BRDs are mostly rectangular
in shape without any bend in the grid bars
(Fig. 3). This type of design was developed
in Norway originally to exclude jelly fish
(Isaksen et al., 1992). The grid made of either
aluminium or steel, is usually mounted in
the throat section at an angle of 45 — 50° from
the horizontal. The grid is usually associated
with an accelerator funnel for guiding the
catch to the grid. Escape openings are
provided either on top or bottom and are
either kept open or covered with a flap of
netting. Examples for flat grid BRDs are
Nordmore grid (Isaksen et al., 1992; Prado,
1993; Riedel & DeAlteris, 1995; Brewer et al.,
1998; Halliday & Cooper, 1999; Hannah &
Jones, 2000; Hannah et al., 2003; Valdemarsen
& Suuronen, 2003; Fonseca et al., 2005a;
Fonseca et al., 2005b), Wicks TED (Robins et
al.1999), Kelly / Girourard grid (Morris,
2001), and Sort-V grid (Maartens et al., 2002).
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Fig. 3. Flat grid BRDs

Bent grid BRDs

Bent grid BRDs are either rectangular
or elliptical in shape. In this group of BRDs,
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the grid bars and, in some cases, grid frame
are bent at one end near the exit opening
(Fig. 4). This is to facilitate the easy ejection
of the debris, seaweeds, and bycatch com-
ponents and prevent clogging of the grid.
Exit holes are guarded with flap of netting.
The grid is mounted in the aft section of the
trawl just in front of the codend at an angle
between 45° and 55° from horizontal.
Material used for its construction is steel or
- aluminium. Super Shooter TED (Mitchell et
al., 1995; Brewer et al., 1998; Kirubakaran et
al., 2002; Steele et al., 2002), Seymour TED
(Robins et al., 1999), Juvenile and Trash
Excluder Device (JTED) (Chokesanguan et
al., 2000) NAFTED (Brewer et al., 1998; Eayrs,
2004) are BRDs coming under this category.

Turtle Free Device (TTFD) (Talavera, 1997,
Chokesanguan, 1996); Oregon grate (Hannah
et al., 2003), CIFT-TED (Dawson &
Boopendranath, 2001; Boopendranath et al.,
2003) and Halibut Excluder Grate (Rose &
Gauvin, 2000).
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Fig. 5. Oval grid BRDs

Slotted grid BRDs

These are flat grids mostly rectangular
in shape made of either aluminium or steel
(Fig. 6). Slotted grid BRD is inserted in the
aft section of the trawl just in front of the
codend. The main characteristic of this
category of BRDs is that they are provided
with- slots for allowing the passage of
targeted species other than shrimp. The slots
may be ‘either at top or at bottom, made by

Fig. 4. Bent grid BRDs

Oval grid BRDs

Oval grid BRD:s are flat grids, which are
either oval or circular in shape (Fig. 5). The
grids are made of steel and are mounted in
a netting section between throat and codend
of the trawl net. Grid angle varies from 45°
to 55° from horizontal. Exit openings are
either at the top or the bottom of the section.
Various grid designs of this type are used
worldwide, which include Georgia-Jumper
(Anon, 1990; Mitchell et al., 1995; CIFT,
2003), Saunders grid (Talavera, 1997), Thai
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Fig. 6. Slotted grid BRDs
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welding cross bars or by leaving one end of
the bars without joining to the frame. Steel,
aluminium and polyamide are used to
construct the grids. The important grids
under this category are Flounder TED, Jones
TED, Matagorda, Hinged grid and Anthony
Weedless (Anon, 1990; Talavera, 1997; Mitchell
et al., 1995, Dawson, 2000; Dawson &
Boopendranath, 2001; Belcher et al., 2001;
Boopendranath et al., 2003; CIFT, 2003;
Eigaard & Holst, 2004; CFR, 2005;
Boopendranath et al.,, 2008).

Hooped and Fixed angle BRDs

Hooped and Fixed angle BRDs have
circular, oval or rectangular hoops in front
and rear of the deflecting grid, which is
rigidly fixed in a framework at the desired
angle (Fig. 7). Materials used for construction
are steel or aluminium. The main advantage
of hooped TEDS are (i) sturdier construction
for fishing in rugged conditions and (ii)
constant angle of the deflector bars unaf-
fected by changes in the eleongation of
netting. However, these designs are relatively
cumbersome in terms of onboard handling
and hence is not in popular use. The NMFS
Hooped BRD, Cameron shooter BRD and
Fixed angle BRD comes under this category
(Oravetz & Grant, 1986; Prado, 1993; Mitchell
et al., 1995; Talavera, 1997, Rogers et al., 1997,
Dawson, 2000; Hameed & Boopendranath,
2000; Boopendranath, 2003).

NMFS HOOPED TED

FIXED ANGLE TED

Fig. 7. Hooped and Fixed angle BRDs

BRDs with rigid escape slots

BRDs with rigid escape slots are
designed to facilitate the escapement of fish
from the codend (Fig. 8). Fisheye is the most
important BRD coming under this category.

It consists of an oval shaped rigid structure
-with 8:- 15 cm height and 30 - 40 cm width,
‘with supporting frames made of stainless
‘steel rods. Fishes swim backward from the

codend and escape through the fisheye
(Pillai, 1998; Brewer et al., 1998; Hannah et
al., 2003; Burrage, 2004). There are several
design variations of fisheye such as Florida
Fish Eye (FFE) used in the Southeast US
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Fig. 8. BRDs with rigid escape opening
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Atlantic and in the Gulf of Mexico (Steele,
et al., 2002), Florida Fish Excluder (FFE),
(Anon, 1997) and Snake eye BRD used in
North Carolina Bay (Fuls & McEachron,
1997). Fisheyes of different size and shape
are used in south Atlantic and in the Gulf

of Mexico (Anon, 2002). Fish slot (Morris,
"~ 2001), Sea eagle BRD (Anon, 1997) Popeye
Fish excluder or Fishbox BRD (Anon, 2004),
- EX-it and Sort-V grids (Maartens et al., 2002)
are other designs in this category.

Semi-flexible BRDs

Semi-flexible BRDs are constructed out
of semi flexible or flexible materials like
plastic, polyamide, FRP and rubber, (Fig. 9).
These include (i) flexible plastic grid made
of polyethylene and the grid frame consisted
of plastic tubes used in the North Sea brown
shrimp fishery (Polet, 2002), (ii) Polyamide
grid with hinges for operation from net
drums used in the Danish experiments in the
North Sea shrimp fishery (Madsen &
Hanson, 2001; Anon, 2003) and (iii) Polya-
mide-rubber grid design from Denmark
(Anon, 2002).

Combination BRDs

Sometimes, two or more BRDs are
combined in a single gear to enhance the
efficiency (Fig. 10). Researchers proposed
different combinations of grids, slotted BRDs
such as fisheye and soft BRDs such as square

POLYAMIDE GRID HINGED POLYAMIDE GRID

iy
i

PA - RUBBER GRID

Fig. 9. Semi flexible BRDs

mesh window, bigeye BRD and similar ones
to obtain optimum results (Mounsey et al.,
1995; Robins-Troeger et al., 1995; Brewer et
al., 1998; McGilvray et al., 1999; Robins et al.,

1999; Robins & McGilvray, 1999; Ramirez,
2001; $teele et al.,

2002; Eayrs, 2004).

Thirty-three hard BRD designs de-
scribed have been operated either experi-
mentally or commeraally in different fishing
areas with promising results. Super shooter
TED operations indicated shrimp loss be-
tween 2 and 12% in Australian waters
(Brewer et al., 1998). The Super shooter TED
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Fig. 10. Combination BRDs
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also performed well in areas where the other
inclined grid BRDs tended to clog due to
accumulation of sponges and seaweeds and
worked well when used in combination with
other BRDs such as fisheye.

As 40% of the bycatch in India is
contributed by juveniles (Pillai, 1998) a
Juvenile Fish Excluder cum Shrimp Sorting
Device (JFE-SSD) has been developed for
bringing down the bycatch of juveniles and
- small sized non-targeted species in commer-
cial shrimp trawl (Boopendranath et al., 2008;
WWF, 2009). The JFE-SSD operations off
Cochin, India have realised bycatch reduc-
tion up to 43 % with a shrimp retention of
96-97% (Boopendranath, 2009). Super shooter
TED operations off Visakhapatnam, India,
indicated higher exclusion of fish when the
exit was on the lower side (43.4%) and 13.7%
when the exit was on the upper side. In both
cases, 100% escapement of turtles was ob-
served (Kirubakaran et al., 2002). The NAFTED
operations in Australian waters in combina-
tion with square mesh window during the
commercial trials indicated shrimp loss of
3.3% in the catch of a standard trawl (Brewer
et al., 1998). CIFT-TED operations in Arabian
Sea and Bay of Bengal indicated 100%
exclusion of sea turtles with a mean catch loss
in the range of 0.52 to 0.97% for shrimp and
2.44 to 3.27% for non shrimp resources (CIFT,
2003; Boopendranath et al, 2003). It is
substantially less than the loss incurred
during the operations with imported TED
devices (Boopendranath et al., 2003; Anon,
2011). The CIFT-TED was also reported as a
simple BRD which can be fabricated easily
and installed with minimum training, using
net making skills and workshop facilities
available locally (Anon, 2011).

Experiments with Nordmore grid, in
Norwegian waters, have shown a low and
fairly constant shrimp loss of 2-5% (Isaksen,
et al., 1992) while fishes above 200 mm size
were observed to escape. Experiments using
Nordmore grid in Nova Scotia, Canada
showed target catch loss of 2-5% and bycatch
reduction of 48-98% (Halliday & Cooper,

1999). Experiments with Nordmore grid in
Portuguese continental waters showed up to
78.5% exclusion of large bycatch species with
negligible loss of target catch (Fonseca et al.,
2005b). Experiments using modified versions
of Nordmore grids made of plastic, in the
North sea reduced >70% fish and 65%
benthos with a target catch loss of 15%
(Polet, 2002). Maartens et al. (2002) observed
the escapement of juveniles up to 95%,
during experiments with two different rigid

- sorting grids viz ., Sort-V grid and EX-it grid,

in coastal waters off Namibia.

Performance of fisheye depends on the
shape, size, position, light and water current.
Fisheye experiments conducted in Florida
and in coastal Australian waters showed
enhanced bycatch reduction when used in
combination with other BRDs (Brewer et al.,
1998; Steele et al., 2002). During experiments
using Fish slot in North Carolina, USA an
average reduction of weakfish was about
30% and shrimp loss was about 55%. This
model is prone to hang on the bumper rails

of the vessels sides and can damage the tail
‘bag or BRD (Morris, 2001). Experiments
‘using Popeye fish excluder or fish box BRD
‘in Queensland waters showed 29-60% reduc-

tion in bycatch (Anon, 2004) Flexible polya-
mide grid experimented in North Sea has
been shown to be efficient in fish and lobster
exclusion, and also has flexibility to be
wound into the net drum (Madsen &
Hanson, 2001).

Combination BRDs are used to increase
the efficiency of the BRD in terms of bycatch
reduction and retention of target catch.
Experiments with flat gird and square mesh
conducted at the Fladen Ground in the
North Sea showed negligible shrimp loss
and 42-56% reduction of under-sized fishes
(Madsen & Hanson, 2001). Experiments with
flat hinged grid in combination with square
mesh window conducted in North Sea
showed bycatch reduction in the range 37-
57% (Eigaard & Holst, 2004). Super shooter
TED operations in combination with fisheye
in Australian Northern shrimp trawl fishery
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showed more than 25% exclusion of bycatch
and less than 5% loss in target catch (Brewer
et al., 1998). Experiments with AusTED-I and
its modified version AusTED-II conducted in
Australian waters showed promising results
in terms of bycatch reduction, shrimp
retention and exclusion of turtles and large
animals (McGilvray et al., 1999, Robins et al.,
1999, Mounsey et al., 1995, Robins-Troeger et
al., 1995, Brewer et al., 1998, Robins &
McGilvray, 1999). Average bycatch reduction
ranged between 18 and 55% for AusTED-I
and between 15% and 49% for AusTED-II
depending on fishery conditions.

Conclusion

A variety of BRDs have been developed
and used either on commercial or experi-
mental basis, in order to mitigate regional
bycatch issues and to increase the selectivity
of trawl nets. Some BRDs have been
developed through intensive research, taking
into consideration the characteristics of the
fishery and the geographical peculiarities.
There has been significant reduction in
world bycatch levels during the past two
decades. Increased use of BRDs in trawling
could be an important reason contributing to
the reduction in bycatches, in recent years.
Experimental fishing trials alone could never
encompass the range of commercial fishing
conditions and the environment in which the
fishery operates (Robins et al., 1999). Coop-
eration between fishing industry, scientists
and other stakeholders is fundamental for
the success of bycatch management efforts.
Ease of construction and operation of the
BRDs, cost-effectiveness of the technology
and the economic benefits influence the
adoption of bycatch reduction technologies.
BRDs most appropriate to the regional
fishing conditions should be adopted and
enforced legally, after careful scientific evalu-
ation and commercial trials, to ensure long-
term sustainability and to protect the
biodiversity of fishery resources.

The authors thank the Director, Central
Institute of Fisheries Technology, Cochin, for
permission to publish this paper. This study was

conducted under ICAR Ad-hoc Research Scheme
0644003 titled Bycatch Reduction Devices for
Selective Shrimp Trawling.
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