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ABSTRACT

The purpose of this paper is to determine a suitable type of
Turtle Excluder Device (TED) attached to the body of a shdmp trawl to
avoid inflicting harm on marine turtles. Seven types of the TEDs were
tested; three brought from U.S.A. namely the Anthony Weedless, the

Super Shooter and the Bent Pipe, two brought from Mexico namely the

Georgia Jumper and the Mexican, and two were designed by Kasetsart
University and SEAFDEC/TD, Thailand, namely the ThaiKU and Thai

Turtle Free Device (TTFD), respectively. No Turtles were caught in any
ofthe areas off Chumpom and Songkhla during a total of 120 hauls. The

escape rate by weight of the Super Shooter and TTFD were found to be

2.670/o and 1.80% for day-time operation and l.9lo and 1.04% during
the night, this indicated that they were the most efficient TED. The fuel

consumption for all TEDs showed little difference. In terms of

convenience in operation, the TTFD was fornd to be the best and the

most suitable TED for use by Thai fishermen.

1. Introduction

The U.S. shrimp import embargo, that went into effect on I May,
1996, stipulates a condition that the methods used in shrimp capture by
harvesting countries should inflict no harm on marine turtles. One ofthe
methods practiced during the last few years by U.S. shrimp trawlers" is



to equip their fishing gear wilh a device attached to the body ofthe trawl.
This has a grid panel which deflects marine turtles thlough an opening in
the net. Experiments in the United States, and Mexico 2-a) produced what
the shrimp trawlers called a success: more or less the same quantity of
shrimp in the catch but an appreciably less volume of finfish which
facilitated easier sorting of the shrimp. To comply with the conditions
set by the U.S. shrimp import embargo, the SEAFDEC Council asked the
Training Department (TD) and the Marine Fisheries Resource
Development and Management Department (MFRDMD) of SEAIDEC
in cooperation with the Depadment of Fisheries (DOF), Thailand, to
conduct a series of experiments, over a period of six months, to test the
efficiency ofvarious TEDs ar.rd of trawls equipped with the device. This
study, to investigate the efficiency ofa shrimp trawl with Turtle Excluder
Devices 5) is therefore an urgent task to be undertaken in order to make
available all facts that will finally benefit the Thai Fishing Community
and will allow frshermen to conserye the sea turtles.

2. Materials and Methods

The experiments were carried out by two research vessels namely
M.V. Pramong 4 and M.V. Pramong 1 in the coastal waters off
Chumpom and Songkhla provinces (see Fig, l) where the depths of
water ranged fiom l0 to 20 m during September and October of 1996,
respectively.

2.1 Experimental Setup

2.1.1 Shrimp Trawl Net

Two shrimp trawl nets (two seam type, see Fig. 2)
employed in the experiments were designed for the 250 horse power
fishing vessels. The nets were approximately 39.5 m long and were
complete with a 21 m long head rope and 24 m ground rope.
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2.1.2 Turtle Excluder Deyices (TEDs)

Fig. 3 shows the seven types of TEDs employed in the
experiments which were three from U.S.A. namely the Anthony
Weedless, the Super Shooter and the Bent Pipe TEDs (Fig. 3a), and two
from Mexico namely the Georgia Jumper and the Mexican TEDs (Fig.
3b). The other two TEDs were the Thai-KU and the Thai Turtle Free
Device (TTFD) designed by the Faculty of Engineering, Kasetsaxt
University and the Training Department of SEAIDEC Thailand, in
cooperation with DOF, respectively (Fig. 3c).

2.2 ExperimentalProcedure

The TED was attached to the cod end extension paft of shrimp
trawl net. Experiments were started from the early moming until late at
night. For each type of TED experiment a total of 8 trawlings were
carried out, these oomprised (4 hauls) of each for two periods, during the
day- and night-time. An extra trawling without a TED, as a control, was
made before the trawling with TED was started in each of the periods.
During this series of experiments, all of the TEDs were tested with an
operational time for each haul ofone hour. In the experiments with the
TEDS, the exit part of the TEDs were covered with pieces of net as a
cover net or second codend, in order to measure the amount and species
of escaped fishes. The fuel consumption ofthe vessels with and without
TEDs was also recorded. To find a suitable TED, the experiments were
made in two parts, as first and second experiments,

2.2.1 First Experimmt

The first experiment was carried out in the waters off

Chumporn province during September of 1996. A total of 60 hauls
comprising 12 hauls without TEDs and 48 hauls using six types of TED
namely, the Anthony Weedless, the Super Shooter, the Bent Pipe, the

Georgia Jumper, the Mexican, and the ThaiKU were made by the M.V.
Pramons 4.
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2.2.2 Second Experiment

The second experiment was caxried out in the waters off
Songkhla province during October of 1996. Using six O?es of TED; 5
TEDs from the first experiment namely the Super Shooter, the Bent Pipe,
the Georgia Jumper, the Mexican and the Thai-KU, and the TTFD TED
which replaced the Anthony Weedless TED were tested on board M.V.
Pramong 1. A total of 60 hauls comprising of 12 hauls without TEDs
and 48 hauls using the six types of TED.

2.3 Data Analysis

The catch data by weight in kg collected both from the codend
and the cover net in each haul were analyzed for the rate of escape in
percent as the following equation:

Rate of escape Ax100
(A+B)

where I is the catch by weight in the cover net, and ,6 is the catch by
weight in the codend.

The mean values of the escape rate of each type of TED were
computed and compared to that of the control net (without TED). The
composition by species, of the rate of escape in the cover net was also
recorded. The rate ofescape for shrimp was considered in comparison to
that ofthe day and night operations.

Comparisons of the fuel consumption of the vessels between
the trawling operations with TEDs and without TEDs were made.

3. Results and Discussion

The species composition by catch from 120 hauls indicated that no
turtles were caught in the codend or the cover net ofthe shrimp trawl net.



3.1 The First Experiment

Table I exhibits the total catch by weight in the codend and
cover net and the rate of escape in percent for each type of TED in day-
and night-time operations. The results indicate that there were no
differences in terms of the escape rate between the day- and night
operation for all type of TEDs except that of the Bent Pipe TED. This
indicated that the Bent Pipe TED is a highly efficient TED for day-time
operation, but not at night. ln the case of the Anthony Weedless TED,
the escape rates were higher than 35.94%o for both day- and night
operations and showed the lowest efficiency. Figure 4, shows the rate of
escape relative to the type of TED for day- and night-time operatrons.
The ratio of escape between the economic species groups and the trash
fish was different during day arrd night. In addition, three types ofTEDs
namely the Super Shooter, Georgia Jumper and the ThaiKU showed
quite good results based on the low rate of escape, for both the day- and
night-time, which were found to be lower than 119/o. The escape rate of
the different species/group for both periods for the Super Shooter,
Georgia Jumper and the ThaiKU TEDs are shown in Table 2 and
Figure 5, Consideration of the escape rate for shrimp between the day
and night found that no shrimp escaped tlrough the TEDs during day-
time operation

The escape rate for shrimp was considered as the index for the
possibility of installing TEDs, but in tropical fisheries all catch both
economic and trash fish can be sold in the market. For this reason the
rate of escape for the total catch must be considered, and it can be said
that among the six types of TEDs in the first experiment, the Thai-KU
TED showed a high efficiency. However, in view of the structure,
operation and installation of the Thai-KU TED it was found that there
were some operational weight problems.

3.2 The Second Experiment

In the second experiments, five types of TED from the first
experiment namely the Super Shooter, the Bent Pipe, the Georgia



Jumper, the Mexican and the Thai-KU were tested in the same manner
and werc compared with the TTFD. The results of the total catch by
weight in the codend and cover net and the rate of escape in percent for
each type of TED in day- and night- time operations are exhibited in
Table 3. This indicates that there was not much difference in terms of
escape rate for both day- and night-time operation for the Super Shooter,
Thai-KU and TTFD. Two tryes of TEDs namely Super Shooter and
TTFD were the most efficient in terms of the low rate of escape which
were found to be L80% and 2.67Vo for day-time operation and 1-91,%o
urd 1.04''/o at night, respectively. Figure 6 shows the rate of escape by
total weight relative to type ofTED for day- and nigbt- operations. The
figures also show that the main escaping fish for both day- and night-
time operations were trash fish compared to economic fish in terms of
the rate ofescape. The escape rate ofeach group ofspecies for all types
ofTEDs are shown in Table 4 and Figure 7. The escape rate for shrimp
in this experiment had the same result as was found in the first
experiment tlat no shrimp escaped during day-time operation.

3.4 Fuel Consumption

The fuel consumption for a one hour trawling operation with
different types of TED were compared to the control net operation in
Figure 8. The figure shows there was not much difference in fuel
consumption for the six types of TED and the control net. The fuel
consumption for the Super Shooter and TTFD were about 23.66 and
24.31 litre per haul, respectively. In addition, the trawls installed with
the Super Shooter and TTFD used less fuel than operating without a TED
(contol net).

4. Conclusions

The results from the first arrd second experiments suggested that the
Super Shooter and TTTD had a quite reasonable outcome in terms of
escape rate and convenience in operation. For use by fishermen,
however, the TTFD seemed to be the most suitable TED based on the
lowest escape rate of fish and low fuel consumption, and also for ease of

-6 -



construction and installation because all materials used are available
locally. Appendix 1,2 and 3 show the diagram of the three different
sizes ofTTFD including the construction ard installation method.
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Table I Thc results of rolal catch in lhe codend and covcr nct and the mle of cscape for cach lypc of
TEDS in the first expenment

Table 2 Escape rare of each group of specics for thrce types ofTEDs in thc firs( cxpenmcnl

TJp€ ofTEDs

Day-time Operation Night-tim€ Opcration

Cod End
(kc)

Cover Nel
(kB)

Rale of
Bcape (7.)

Cod End
(kc)

Covcf Nct
(ks)

Rate of
Escap€ (%)

Super Shootcr

Anthonv Wcedlcss

Benl Pipe

Mexrcan

Georgia Jumper

Thai-KU

18.35

t94.20

21.43

59.51

29.42

2.99

t't.34

8 .16

6.90

3.'t6

2.5'7

8.36

49.00

4.03

19.84

s.94

8.02

25.81

?0.44

32.O7

43.30

32.97

36.8'1

1.46

11.49

4.68

4.08

L04

5.34

35.94

17.85

9.51

11.00

2.'75

Group of Fishes

Thai-KU Super Shooter G€orgia Jumper

Dny Night Day Night Day Night

Pelagic fish 3.23 1.90 t.46 0.00

0.10

ts.lz

t 9 2

0.00 189

Demcrsal fish 13.89 625 8 .17 0.87 5.'71

0.00Cephalopod I 1.64 t .43 t.94 0.00

Shrimp 0.00 10.'74 0.00 0.00

56.25

l8  30

3.55

7.95

0.00

35.57

1 .2  i

Crab 11 .1 l 0.00

1 .35

r.05

42.O4 6.85

23 46

0.00

Othcrs

Trash

5.95

t.E)

t6.0r

2.61
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Table 3 Thc resulls of total calch in the codeod and covcr net and lhc rale of escapc for each
typc ofTEDS rn the second e\periment

Table 4 Escapc rale of each group of spccres for three types ofTEDs iD thc sccond crpenmcnL

Type ofTEDs

Day-time OP€ration Night,time Operation

Co\,cr Nel
(kg)

Rate of
Escape (qa)

Cod End
(kc)

Cor,cf Net
(kc)

Rate oi
Escape (7.)

Supcf Shooter

TTFD

Bent Pipc

Me\ican

Ccorgra Jumpcr

Thai-KU

?6.21

'7.AtJ

26.21

t6.1'7

I1 .62

41.21

o.'72

0 .14

0.58

0 .31

a.'76

4.31

2.67

1 .8

2.t'7

r.89

6 .  t 5

10.09

9.52

4t).72

13.3

101 .7

i I .68

o.?

0.1

6.36

3.04

0.88

|.46

1 .91

t.04

13.5:

I1 .53

I l . t l

Group of Fishes

TTFD Super Shooter Georgis Jumper

Dav Nlght DaJ Night Day Night

Pelagic fish

Dcmersal fish

Cephalopod

Shnmp

Crab

Orhcrs

Trash

3.46

o_72

l . l 0

0.00

o.00

0.00

2.63

0.99

0.49

4.94

1.0?

0.00

0.00

0.37

4.24

2 .11

0.00

4.M

0.00

0.38

1-59

0.00

0.00

9.33

0.00

l 55

0.00

0.00

0.00

l l . 2 l

0.00

15.  t0

0.00

0.08

0.00

0 . I4

36.21

000

019
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Fig. 1. Fishing areas for shrimp hawl experiments with TEDs
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LOWER PANELT'PPER PANEL

Fig.2. The diagram of the shrimp trawl net.
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Appendix I

Construction and Installation
of

Small Size TTFD
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TTFD Construction and Installation
( SMALL SIZE )

Construction of the Frame

Construction for a circular frame measuring 80 cm. high by
80 cm. r,ide. The outer ring ofthe frame is steel rod of 1.27 cm.
diameter. The vefiical grid bars are 0.95 cm. diameter metal steel rod.
The spacing between deflector bars (C) is 9 cm. and between deflector
bars and frame (D) is 7.5 cm.

80 cm.
A

i i f +
I I ', i"
|  

, 0 *

I ,1.* "i
11 tjl,

BOTTOM

Small size (80 x 80) for shrimp trawl net with the length of the ground
rope of l2- 18 meters.

'rraininB 
Dep.ndcnt

soulhcast Asian F'khcrics Dcvelold.nt Ccnrcr
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2. Construction ofthc TTFD extension

The TTFD extension is constructed from a single piece of
(250dl6) polyethylene net which is 250 meshes by 90 meshes, (rnesh srze
is 2.5 cm.). 

Construction a cyiinder from the piece by sewing the 90 (B)
meshes sides together.

B

I

-ltaining 
Depatuncnl

Sourhest Asim Iishcrics Dcv€lopnem Ccnrcr-24 -



3. Construction of the metal hoops.

Two metal hoops 90 cm. in diameter.

4. Construction of the Flap extension

The Flap extension is constructed from a singie piece of (250d/6)
polyethylene, which is 90 raeshes(A) by 54 meshes (B).

Triining Depansent
Soulhe6t Asian Fisherics Dcvetopnent C.nrcr

A

B

O-90cm.
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5. Obtaining the correct grid angle

Sliding the frame into the extension. Lace a metal l.roop into
each end ofthe extension. Using the metal hoops, stretch the extension
tube so it is taut. Position the stretched extension so the seam is
positioned along the top. Stading at the ieading edge ofthe extension,
count back 36 meshes along the seam and attach the top center ofthe
TTFDs frame to the netting. In order to find the bottom center attachmenr
point for the frame, count 53 meshes along the seam.from the leading
edge ofthe extension. From this point count 125 meshes perpendicular
from the seam to arive at the bottom center attachment point. Attach the
TTFD to frame to the extension at this noint.

Once the bottom ofthe TTFD frame has been attached to the
extension, the sides ofthe device are then sewn evenly from the top
attachment point to the bottom corners ofthe TTFD frame. The grid
angle is 55' for proper operation.

C<-- 135 cm

Note:
BE
FE

4 b

80
55"

Tninnre Dcpanment
Soulhe6l Asim Fishcies Developmc.l Ccnto

F<- 46 cm. -------->E

= 80 cm.
:46  cm.

cos 0 -

g :
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6. Cutting the exit hole

Begin by cutting all net bars fiom the l"(

Continue the cut along the net bars, maintaining all
until the distance from G to H is l9 meshes.

to 7r bar frame.
bar cut distances

TtaininB Depanment
Sourheasr Asid Fishc.ies De!elopm.nr CcDicr

7. Attachment of the cxit hole cover ( {lap).

Attach the side ofthe flap to the side ofthe opening by sewing the
flap to the extension ahead frorn a -> b -> c -> d, remaining 4 meshes of
the flap to 6 meshes ofthe extension behind the TTFD frame. The
remaining 20 meshes ofthe flap behind the TTFD frame should be left
unattached.

8. Cba{ing gear and floatation.

To prevent chafing ofthe net around the TTFD a length of 9.5
meters of 10 mm. polyethylene rope is laced around the frame though
alternate meshes.

Attach two PVC floats 9 cm. in diameter by l4 cm. length to the
outside ofthe TTFD for weight compensation and stabilization ofthe
device.
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Appendix 2

Construction and Installation

of
Medium Size TTFD
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TTFD Construction and Installation
( MEDIUM SIZE )

Construction of the Frame

Construct an oval frame measuring 100 cm. high by 80
cm. wide. The outer ring of the frame is steel rod of 1.27 cm. diameter.
The venical grid bars are 0.95 cm. diameter metal steel rod. The spacing
between deflector bars (C) is 9 cm. and between deflector bars and frame
{u l  ls  /_ )  cm.

Medium size (100 x 80) for shrimp trawl net with the length of the
ground rope of 18-24 meters.

Traini.g Dcprnmeor
soulhcdl Asian Fishenct Dcv.lopnent Cenlcr
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2, Construction ofthc TTFD extension

The TTFD extension is constructed from a single piece of
(360d/18) polyethylcne net, which is 138 meshes by 60 meshes, (mesh
size is 3.8 cm.)

Construct a cylinder from the piece by sewing the 60 (B)
nF<h < i  ' l  Fe  f^de fher

TraininE Depdmctrl
Sodrhcar Asi!n ljishsries Developmcnr Ccnrc!

B

I
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3. Construction ofthe metal hoops.

Two metal hoops 90 cm. in diameter.

4, Construction of the FIap extension.

The Flap extension is consffucted from a single piece of(360d/18)
polyethylene net, which is 60 meshes(A) by 35 meshes (B).

A

B

Training Dcpanmenr
South.Nl Asian Fisheries Dcvclopmcnr Ccnff
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5. Obtaining the correct grid angle,

Sliding the frame into the extension. Lace a meral hoop into
each end ofthe extens.ion. Using the fretal hoops, stretch the extension
tube so it is taut. Position the stretched extension so the seam is
positioned along the top. Starting at the leading edge ofthe extension,
count back 22 meshes along the seam and attach the top center ofthe
TTFDs frame to the netting. ln order to find the bottom center attachment
point for the frame, count 38 meshes along the seam.from the ieading
edge ofthe extension. From this point count 69 meshes perpendicular
from the seam to arive at the bottom center attachment point. Attach the
TTFD to frame to the extension at this ooint.

60 meshes _,,____ ___}l

Once the bottom ofthe TTFD frame has been attached to the
extension, the sides ofthe device are then sewn evenly from the top
attachment point to the bottom comers ofthe TTFD frame. The grid
angle is 55" for proper operation.

C<-742.7 cm.

Note:

F<_ 5?.4 cm. -------+ E

cos 0

0

t t l  :  )  / . 4

5',1.4
100

cm.

cm.

Training Depanmcnt
Soutlr6t Asian Fisheri€s Development Cenkr
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6. Cutting the exit hole

Begin by cutting all net bars from the 1't to 7'h bar frame.
Continue the cut along the net bars, maintaining all bar cut distances
until the distance from G to H is l9 meshes.

7. Attachment of the exit hole cover ( flap).

Attach the side ofthe flap to the side ofthe opening by sewing rhe
flap to the extension ahead from a -+ b -+ c -+ d, the remaining 4
meshes ofthe flap to 4 meshes ofthe extension behind the TTFD frame.
The remaining 9 meshes ofthe flap behind the TTFD frame should be left
unattached.

8. Chafing gear anrl floatation. f

To prevent chafing ofthe net around the TTFD alengthof 9.5
meters of 10 mm. polyethylene rope is laced around the frame though
altemate meshes. Attach two PYC floats 9 cm.. in diameter by l4 cm.
length to the outside ofthe TTFD for weight compensation and
stabilization of the device.

og

t
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Appendix 3

Construction and Installation
of

Large Size TTFD
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TTFD Construction and Installation
( BIG SIZE )

Construction of the Frame

Construct an oval frame measuring 120 cm. high by 80 cn.
wide. The outer ring ofthe frame is steel rod of 1.27 cm. diameter. The
vertical grid bars are 0.95 cm. diameter metal steel rod. The spacing
between deflector bars (C) is 9 cm. and between deflector bars and frame
(D) is 7.5 cm.

.i.-rqr

B
120 cm.

BO1TOM

Big size (120 x 80) for shrimp trawl net with the length of the ground
rope of24-30 meters.

T6ining Dcpannent
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2. flonstructioD of the TTFD extension

The TTFD extension is conshucted from a single piece of
(360d/18) polyethylene net,whicl.r is 165 meshes by 60 meshes, (mesh
size is  3 .8  cm.) .

Construct a cylinder lrom the piece by sewing the 60 (ts)
mesh sides together.

'lraining 
D.par1mrrl

Sourhca( Asiar fnncries Dcvelopmcfr Ccnrer
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I
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3. Construction of the metal hoops,

Two metal hoops 90 cm. in diameter.

4, Construction ofthe Flap extension.

The Flap extension is constructed from a single piece of (360d/18)
polyethylene net, which is 60 mesbes(A) by 35 meshes (B).

B
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5. Obtaining the correct grid angle,

Sliding the frame into the extension. Lace a metal hoop into
each end ofthe extension. Using the metal hoops, stretch the extenslon
tube so it is taut. Posilion the stretched extension so the seam is
positioned along the top. Starting at the leading edge ofthe extension,
count back 21 meshes along the seam ard attach the top center ofthe
TTFDS frame to the netting. In order to find the bottom center attachment
point for the frame, count 39 meshes along the seam.Aom the leading
edge ofthe extension. From this point count 83 meshes perpendicular
llom the seam to anive at the bottom center attachment point. Attach the

TTFD to frame to the extension at this point.

60 meshes ____ +]

Once the bottom of the TTFD frame has been attached to the
extension, the sides ofthe device are then sewn evenly from the top
attachment point to the bottom comers ofthe TTFD frame. The grid
angle is 55' for proper operation.

C<- 148.4 cm

Note:
228 cm. __, __,-_+]

BE = 120 cm.
EF = 68.8 cm.

^ 68.8
cosu = -

t20
0 = 55 '

Training DcpanneDt
sou!'cal Asian I:ishe.ies Development Ccnter
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6. Cutting the erit hole,

Begin by cutting all net bars from the I't to 7th bar ftame'

Continue the cut along the net bars, maintaining all bar cut distances

until the distance from G to H is l9 meshes.

7. Attachment ofthe exit hole cover ( flrp),

Attach the side ofthe flap to the side ofthe opening by sewing the
flap to the extension ahead from a -+ b -+ c -+ d, the remaining 4 meshes
ofthe flap to 4 meshes ofthe extension behind the TTFD frame. The
remaining 9 meshes ofthe flap behind the TTFD frarne should be left
unattached.

8. Chafing gear and floatation-
To prevent chafing ofthe net around the TTFD a length of9.5

meters of l0 mm. polyethylene rope is laced around the frame though
altemate meshes.Attach two PVC floats 9 cm. in diameter by l4 cm
Iength to the outside ofthe TTFD for weight compensation and
stabilization of the device.

-lrairring 
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