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1.0 Introduction

Dynamic developments in the harvest technologies and fish detection methods,
uncontrolled expansion in fleet size, and ever increasing market demand for fish resulted
in over fishing and negative impacts on ecosystem. This highlighted the need for scientific
management of fishery resources in order to ensure their long term sustainability and
availability for future generations. Bycatch is one of the most important issues affecting
fisheries management today.

2.0 Bycatch

Number of definitions are available regarding the term, bycatch. Bycatch is often defined as
"that part of the catch which is not the primary target of the fishing effort which includes
fish which is retained, marketed (incidental catch) and that which is discarded or released".

Recent estimate by FAO, determine the discards at 7.3 million tons, based on a weighted
discard rate of 8%, during 1992-2001 periods. Decline in discards, may be due to a number
of reasons such as stock depletion, strict regulations in some fisheries in the form of improved
fishing selectivity, anti-discard regulations and increased use of bycatch reduction devices.
Globally, shrimp trawling contributes to the highest level of discard/catch ratios of any
fisheries, ranging from about 3:1 to 15:1, and the amount of bycatch varies in relation to
target species, seasons and areas. Trawl fisheries for shrimp and demersal finfish account
for over 50% of the total estimated global discards.

303



Fish Harvesting Systems for Resource Conservation

In India, the bycatch problem is more due to the multi-species nature of the tropical fisheries.
During shrimp trawling large quantities of finfish bycatch including significant amount of
juveniles are also landed. Estimate by CMFRI shows that 79.18% (3,15,000 t) of bycatch
generates by shrimp trawling in india, maximum being in Gujarat (92.58%), followed by
Tamil Nadu (91.04%) and Pondicherry (86.52%).

Bycatch reduction by modification of fishing gears, installing Bycatch Reduction Devices
and Turtle Excluder Devices is considered as the main approach for shrimp trawling industry
around the world.

Bycatch Reduction Device (BRD) is defined as any device that can be incorporated in a
fishing gear in order to exclude or reduce non targeted and unwanted catch in a fishing
system and there by making it more selective.

2.1 Advantages of using BRDS in Trawls

BRDs reduce the negative impacts of shrimp trawling on marine ecosystem, by taking
advantage fishers could benefit economically from higher catch value due to improved
catch quality, shorter sorting time, lower fuel costs, and longer tow duration. Recreational
and non-shrimp commercial fisheries would also benefit due to a reduced impact on the
species targeted.

2.2 Classification of Bycatch Reduction Devices

BRDs have been developed based on the differential behavior patterns such as differences
in swimming speed, vertical distribution or size of shrimp and fish inside the net and size
selectivity. The fish are active and capable of swimming against the water flow inside the
net and may escape at any time when opportunity is provided. Shrimp is unable to swim
against the water flow and carried away with the flow of water to the codend.

BRDs can be broadly classified into three categories based on the type of materials used for
their construction, viz., Soft BRDs, Hard BRDs, and Combination BRDs. Soft BRDs make
use of soft materials like netting and rope frames for separating and excluding bycatch.
Hard BRDs use hard or semi-flexible grids and structures for separating and excluding
bycatch. Combination BRDs use more than one BRD, usually hard BRD in combination
with soft BRD, integrated to a single system.

2.2.1 Soft Bycatch Reduction Devices

The soft Bycatch Reduction Devices use soft structures made of netting and rope frames
instead of rigid grids, prevalent in hard BRDs, for separating and excluding bycatch. Based
on the structure and principles of operation they are classified into five categories viz., (i)
Escape windows, (ii) Radial Escapement Section without Funnel, (iii) Radial Escapement
Section with Funnel, (iv) BRDs with differently shaped slits and (v) BRDs with guiding/
separator panel. Soft BRDs have advantages such as ease of handling, low weight, simplicity
in construction and low cost, compared to hard BRDs.
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Based on the structure and principles of operation soft BRDs are classified into five categories
viz., (i) Escape windows, (ii) Radial Escapement Section without Funnel, (iii) Radial
Escapement Section with Funnel (iv) BRDs with differently shaped slits and (v) BRDs with
guiding/separator panel.

2.2.2 Hard Bycatch Reduction Devices TED

The important hard BRD TEDs like NMFS hooped TED, Fixed angle TED and Cameron
TED, were developed under the category of hard TEDs for the conservation of Sea turtles.

Various designs of hard BRDs are in operation around the world which includes (i) Oval
grids, oval shaped metallic grid with exit opening like Georgia-Jumper, Saunders grid ,
Thai Turtle Free Device (TTFD),Oregon grate, CIFT-TED ,Seal Excluder Device and Halibut
Excluder Grate; (ii) Slotted grid BRDs which provide slots for the passage of non-targeted
organisms such as Hinged grid and Anthony Weedless; (iii) Bent grids in which grid bars
and grid frame are bent at one end near the opening such as Juvenile and Trash Excluder
Device (JTED), NAFTED; (iv) Flat grid BRDs such as Nordmore grid, Wicks TED, Kelly-
Girourard grid, and EX-it grid.

Fisheye BRD (Fig.1) is considered as an important hard BRD around the world. There are
several design variations of fisheye BRD such as Florida Fish Eye (FFE) used in the Southeast
US Atlantic and in the Gulf of Mexico. Other designs in this categories are Snake-eye BRD
used in North Carolina Bay, Fish slot, Sea eagle BRD and Popeye Fish excluder or Fishbox
BRD.

2.2.3 Semi-flexible BRDs

F1g 1 Flsh eye BRD

Semi-flexible BRDs made of semi-flexible or flexible materials such as polyethylene,
polyamide and FRP are used in the North Sea brown shrimp fishery, Polyamide grid devices
provided with hinges to facilitates operation from net drums have been used in the Danish
experiments in the North Sea shrimp fishery and Polyamide-rubber grid design are used in
Denmark.
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2.3 Escape windows

Escape windows function based on the differential behaviour of fishes and shrimps. Fishes
that have entered the codend tend to swim back and escape when suitable escape windows
provided, at the top in the front section of the codend. (Fig.2) Square mesh window, square
mesh panels and rope BRD are the examples of this category. Studies carried out using
square mesh windows have indicated their effectiveness in reducing bycatch by 30 to 40%
in Northern prawn trawl fisheries. Square mesh has the advantage that the mesh opening is
not distorted while under operation, unlike diamond meshes. Experiments conducted in
Persian Gulf waters has shown that Rope BRD:is effective in excluding 25% of the bycatch
with no loss of shrimp or commercial fish species. Use of square mesh panels has been
found to reduce the bycatch, particularly juveniles and young ones, by about 20% in Indian
waters.

The square-mesh window

Fig.2. Square mesh window

2.4 Radial Escapement Section without Funnel

In Radial Escapement Section without Funnel, a radial section of netting with large meshes
is provided between hind belly and codend. Small sized fishes, jellyfish and other bycatch
components, which have low swimming ability, are expelled due to enhanced water flow
through large mesh section. Based on this principle Trawl flow Regulative Ecological Friendly
Netting Device (TREND). Experiments in Japanese waters, using TREND has been shown
to give safe escapement to juvenile fish, with better opportunity for survival, Fig.3.

2.5 Radial Escapement Section with Funnel

Radial Escapement Devices with funnel positioned between hind belly and codend of the
trawl. A small meshed funnel accelerates the water flow inside the trawl and carries the
catch towards the codend. Actively swimming fishes swim back and escape through the
large mesh netting section surrounding the funnel, where the water flow rate is weak, while
the shrimps are retained in the codend. Studies using Radial Escapement Device have shown
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20-40% reduction in the fish bycatch in Australia's Northern Prawn Fishery. Studies in India
have indicated of 18% reduction in fish bycatch by using a variation of Radial Escapement
Device with 80 mm square meshes, surrounding the funnel.
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Fig.3. Trend
2.6 BRDs with differently shaped slits

BRDs with differently shaped slits utilise the behaviour of fish and shrimp. Fishes that
enter the codend are given opportunity to swim back and escape by providing slits in the
netting on the topside of the codend or hind belly, while shrimps are retained in the codend.
Average bycatch reduction from V-cut BRD, operated in Queensland east coast trawl fishery
has been reported to be 16%, with very low or no shrimp loss. Big eye BRD reduce bycatch
by 30 to 40%, in tropical coastal waters, commercially used by shrimp fleet in Queensland
east coast waters. 30% of the Queensland east coast trawl fleet use Big eye BRD in their

penaeid fishery.

2.7 BRDs with guiding or separator panel

Guiding or separator panels are used to achieve separation of the bycatch by using differences
in their behaviour or size. BRDs with guiding panels lead the fishes to escape openings,
making use of the herding effect of the netting panels on finfishes. The shrimps are not
subjected to herding effect and hence pass through the meshes towards the codend. BRDs
with separator panels physically separate the catch according to the size, with the use of
appropriate mesh size. Shrimps pass through the panels to the codend while bycatch such
as fishes and sea turtles are directed towards the exit opening Fig.4

Fig.4. BRD with guiding panel

3.0 Development of Combination BRDs

Researchers proposed different combinations of sorting grids, slotted BRDs such as fisheye
and soft BRDs such a square mesh window and bigeye BRD in order to obtain higher bycatch
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exclusion efficiencies a combination of square mesh panel with Nordmore grid is designed
for commercial operations in Antarctic.

3.1 Turtle Excluder Devices

Though bottom trawling is an efficient fishing method for demersal fishes, it is a less selective
fishing technique. Along with target resources a number of non-target resources, which
may include protected and endangered species such as sea turtles, are also caught during
trawling. Sea turtles are endangered species, which are protected under Schedule I of the
Indian Wildlife Protection Act 1972 and its amendment in 1991. They are also protected
under international conventions such as Convention on International Trade in Endangered
Species of Wild Flora and Fauna (CITES) and the Bonn Convention on Migratory Species to
which India is a signatory.

Turtle excluder device is a simple device attached to the trawl nets which facilitates the
escapement of sea turtles. It consists of penel of large mesh netting ( soft TED) or a frame
consisting of grid of deflector bars ( Hard TED) installed befor the cod end of the trawl net
at an angle leading upwards or downwards to an escape opening. Small animlals such as
shrimp, slip through the mesh lumen of the escape opening. Small animals such as shrimp,
slip through the mesh lumen of the netting panel or gap between the deflector bars and are
retained in the cod end while large animals like sea turtles, large fishes and large
elasmobranchs are stopped by the netting panel or the grid of defelector bars and can escape
through the opening. The sea turtles which breath air are prevented from incidental capture
and death due to prolonged entrapment in the trawl (Fig.4).

TED axiension

Fig.4. Principles of TED operation

Different designs of TED are available today and they vary with regard to their construction,
principle of operation and materials for construction depending on the target groups and
fishing conditions . Soft TED and Hard TEDs are the two types that are used worldwide.
The hard TED is rigid frame device installed ahead of the cod end to separatety and exclude
turtles from the trawl catch. Designs of hard Ted include Gorgia Jumper, NMFS hooped
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TED, Fixed angle TED, Antony Weedless, Flounder TED, Super Shooter, Cameron TED,
Jones TED, Thai turtle free device (Fig.5).

Modifications of the basic TED design have been carried out by different nations. Thai Turtle
free device was developed by Kasetsart University and SEAFDEC/TD, in Thailand. The
AusTED (Australlian trawling efficiency device) was developed in Australia and CIFT -
TED in India.

Fixed angle TED

Fig.5. Single grid hard TED designs
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