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Abstract

To find ways of reducing the by-catch in the North Sea brown shrimp (Crangon crangon) fishery, experiments were carried
out with electric pulses. The basic idea was to selectively invoke a startle response in shrimp without stimulating any by-catch
species. A selective groundrope could then be used in combination with electric pulses to obtain catch separation.

Sea trials with the electro-net showed that the raised groundrope created an escape route for most fish species regularly
caught in shrimp trawls, while the electric field made the shrimps tail-flip high enough to be caught. The electro-net with
raised groundrope and small meshes in the top panel gave satisfactory results. The losses of commercial shrimp catches were
negligible. Part of the undersized commercial fish catch could escape and non-commercial fish and invertebrates were caught in
lower numbers compared to the standard gear. Electric fishing can be a practical alternative to the standard shrimp trawl and could
be an acceptable balance between the economic interests of the fishermen and the ecological demands of the marine ecosystem.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction in brown shrimp (Crangon crangon) fishery catches
gave promising results (Polet and Delanghe, 2004).

Laboratory experiments with electric pulses on the Brown shrimp displayed a pronounced startle response
behavioural responses of fish and invertebrates typical in the electric field and the majority of the animals

jumped into the watercolumn, over 10cm and up to
50 cm. Most of the other invertebrate and commercial
DOI of original article:10.1016/j.fishres.2004.10.016 and non-commercial fish species did not react to the
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) pulses or, if a reaction was observed, the animals kept
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reinhart.verschoore@ugent.be (R. Verschoore). close to the bottom. These results suggested the possi-
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and using the electric pulses as an alternative stimula-
tion.

While most selectivity-enhancing measures concen-
trate on the net part of the trawl (Walsh et al., 2000), the
area of alternative stimulation with electric pulses is in
the net mouth. Thus catch separation takes place before
the animals have entered the net. This prevents escapees
being exposed to net meshes before they can escape,
reducing the damage incurred by contact or stress dur-
ing the capture and escape process. This would reduce
the mortality amongst escapees.

The traditional way to stimulate brown shrimp in a
trawl is mechanical, i.e. by the bobbin rope. According
to Berghahn et al. (1995), it is mainly the turbulence
in the water that causes brown shrimps to tail flip. This
stimulus, together with vibrations in the sediment and
direct contact with the bobbins, indiscriminately af-
fects all animals contacted and offers little opportunity
to alter the selectivity of the net. By applying elec-
tric pulses, the mechanical stimulation by the bobbin
rope becomes redundant. The basic idea is to raise the
groundrope and stimulate shrimps tojump into the net.
Animals not stimulated could then escape underneath
the net. If effective, this could improve the species se-
lectivity of the groundrope of a towed fishing gear. In
addition, sea floor contact would be minimised thus
reducing damage to the habitat.

A project was set up which consisted of two
phases, (1) laboratory experiments to study behaviour;
(2) sea trials to test a preliminary design of an
electro-shrimp trawl. This report focuses on the sea
trials.

2. Materials and methods
2.1. Plan ofthefield experiments

For the field experiments, the standard shrimp trawl
was adapted to allow electrodes to be fitted and the
groundrope to fish selectively. Financial and time con-
straints did not allow designing and building a purpose-
made electro-trawl. In the traditional shrimp trawl, the
groundrope fishes rather close to the seafloor and lies
about 40 cm behind the centre of the bobbins (Fig. 1).
According to fishermen, it is the tickler effect of the
bobbins that stirs up animals from the seafloor. Once
stimulated, the distance between the bobbins and the

groundrope gives the animals sufficient time to reach
a height above the groundrope. For the electro-fishing
trials, the groundrope was raised leaving a vertical gap
of 10-15 cm, and was shortened so it would lie against
the bobbins (Fig. 1). The vertical gap provides an es-
cape route below the net and the contact between bob-
bins and groundrope eliminates the stimulation effect
of the bobbins. To prevent shrimps from escaping un-
derneath the net, an electric pulse field was generated in
the net opening, sufficient to initiate a startle response
allowing the shrimps to be caught. Two electrode ar-
rays were tested: (1) parallel anodes and cathodes, glid-
ing over the seafloor and (2) cathodes gliding over the
bottom and anodes rigged perpendicularly in the top
panel of the net (Fig. 1). The latter gave a slightly bet-
ter startle response for shrimps during the laboratory
observation tests (Polet and Delanghe, 2004) but had
the disadvantage of being more difficult to fit into the
net.

The pulse generators used are of the type LWY
because of their relatively high capacity (Polet and
Delanghe, 2004). The control unit aboard the vessel has
an input voltage of 24 V and is linked with the pulse
generator on the trawl by a cable connection. The pulse
amplitude is 123 V (at low load), the frequency is 5 Hz
and the pulse duration is 0.6 ms. When applied at full
scale, the pulse amplitude drops to 44 V. Therefore, two
pulse generators were used together, generating a 65 V
pulse in the net mouth.

2.2. Vessels, fishing gear andfishing grounds

An exploratory sea trip was carried out on RV Bel-
gica between 22 and 26 November 1999. The pur-
pose of this trip was to test the pulse generators and
the rig of the electrodes and groundrope to check for
any practical problems. To compare the experimental
catch with a normal commercial catch, it was arranged
that a commercial shrimp trawler would fish along-
side RV Belgica. Two members of the DvZ team em-
barked on this vessel (Z.582-Asanat) to analyse the
catches.

Experimental electro-fishing in commercial condi-
tions was carried out in the year 2000, on the char-
tered vessel 0.700, “Bisiti”. This vessel was fitted for
catching shrimps (rotating shrimp riddle, cooker, etc.)
and has a three man crew. In contrast to the research
vessel, the commercial boat towed two beam trawls
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Fig. 1. A shrimp beam trawl altered for electro fishing.

simultaneously, one at each side of the vessel. For
the sea trials, the choice of fishing grounds and fish-
ing practices was left to the skipper to ensure com-
mercial conditions. The traditional fishing grounds on
the Flemish Banks off the Belgian coast were fished
(ICES sub-division IVc). A total of 12 sea trips and
90 hauls were carried out; 57 hauls were analysed.
The experimental trawl was towed at one side of the
vessel and the standard trawl at the other side, allow-
ing comparison of catches obtained under the same
conditions.

The pulse generators were fitted to the beam of the
trawl and connected to the electrodes rigged into the
net mouth. The two electrode arrays shown in Fig. 1
were tested. A chain was rigged for the connection
of the electrodes, lying 50 cm apart, between the two
beam trawl shoes. The electrodes were partly loaded
with light chains to assure moderate bottom contact.
At sea, the bottom contact was regularly checked by
inspecting the abrasion of the chains. The electrodes
in the top panel were woven through the net meshes
and lay 50 cm apart. The principle outlined in Fig. 1
for a selective groundrope was used. The groundrope
was shortened to raise it closer to the bobbins. At

first, the connectors between the groundrope and the
bobbins were shortened but were still long enough to
allow some movement of the groundrope. According
to the skipper, and as became clear from the catches,
this resulted in a rather unstable groundrope often ris-
ing too high above the bobbins. Therefore, later in
the project, these connectors were further shortened,
pulling the groundrope tight to the bobbins. During
most of the trials, the net itself was not altered, except
for three trials when an 11 mm mesh piece of netting
was rigged to the front part of the top panel (28 mm
meshes).

2.3. Data collection and analysis

On board, the fishermen processed the catch through
a rotating shrimp riddle. After sorting, the catch was
split into three fractions:

« the main by-catch containing the larger fishes, crabs,
starfish, debris, etc.,

* the commercial shrimps containing also 0-and 1-
group flatfish together with occasional juvenile
roundfish and
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* the non-commercial shrimps also with the smallest
flatfish.

The volume of each catch fraction was recorded.
This allowed a preliminary assessment of the function-
ing of the electro-net. Further analysis was done on
numbers of individuals by species.

The fish in the catch were sorted out and measured
immediately after the haul. The fish were measured for
total length (TL) to the cm below, from the tip of the
nose to the tip of the stretched tail fin. This method was
preferred over standard length (i.e. from the tip of the
nose to the fork of the tail fin), to be in accordance with
the method used to measure fish for their compliance
with minimum landing size regulations.

For shrimp, samples were taken for later analysis in
the laboratory. There, the total length of the shrimps
was measured to the mm below from the tip of the
scaphocerite to the distal margin of the fans on the
stretched uropods. An image analysis method (devel-
oped by the Bundesforschungs Anstalt fiir Fisherei,
Hamburg, D) was used to measure the shrimps. Fol-
lowing the results of a theoretical study on the effect of
sample sizes on the estimation of selection parameters
for shrimp trawl cod-ends (Polet and Redant, 1999), it
was decided to measure at least 250 shrimps per catch
fraction.

A sample was taken to estimate the amount of non-
commercial fish and invertebrates from each haul. In
the laboratory the animals were weighed and counted.

Table 1

To evaluate the efficiency of the electro-net, the
catches of this net were expressed as a percentage
relative to the standard net, by species. The sig-
nificance of differences was assessed with f-tests.
For brown shrimps, length frequency distributions
were calculated together with the percentage differ-
ence in catch by length class. For commercial fish
species, fish below and above MLS were distin-
guished. For non-commercial fish and invertebrates,
total numbers were used to evaluate the differences in
catch.

3. Results

The sea trips carried out and the configurations
tested are given in Table 1. The catch results for the
different series of sea trials are given in Tables 2-4.
For each series and each species, the table presents:
(1) the total numbers of animals caught in the standard
net, (2) the percentage animals caught in the experi-
mental net relative to the standard net indicating the
catch loss (or increase) due to gear modifications, (3)
the 95% confidence limits for this difference and (4) the
p-value ofthe /-test indicating whether the catch differ-
ence was significant or not. A graphic representation of
the length frequency distributions ofthe shrimp catches
in both nets and the percentages shrimps caught in the
experimental net relative to the standard net by length
class is given in Fig. 2.

Overview of the sea trips and the configurations tested with the electro-trawl

Series Vessel Pulses No. of generators

1 Belgica No 2 A/B
2 Belgica Yes 2 A

3 Belgica Yes 2 B

4 0.700 No - A/B
5 0.700 No - A/B
6 0.700 No - A/B
7 0.700 Yes 1 A

8 0.700 Yes 2 A

9 0.700 Yes 2 A
10 0.700 Yes 2 A
11 0.700 Yes 2 A
12 0.700 Yes 2 A
13 0.700 Yes 1 B
14 0.700 Yes 2 B
15 0.700 Yes 2 B

Electrode array

Groundrope Connectors Small meshes Number
in top panel of hauls
Shortened Short No 6
Shortened Short No 6
Shortened Short No 6
Standard Standard No 3
Shortened Long No 3
Shortened Short No 3
Standard Standard No 3
Standard Standard No 6
Standard Standard Yes 3
Shortened Long No 2
Shortened Short No 1
Shortened Short Yes 6
Standard Standard No 3
Standard Standard Yes 3
Shortened Short No 3
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Table 2
Results of the sea trials for brown shrimp—total numbers in standard net (*); percentage animals in experimental relative to the standard net
(*¥*); 95% confidence limits for the percentage difference (***); p-value for the difference in catch between the standard net and the experimental

net (*¥*%)

Series
1 2 3 4 5 6 7 8
Brown shrimp 18556* 18556 18556 189513 40596 172535 23442 499735
<MLS 10%** 24% 50% 94% 31% 54% 48% 53%
(-4 to 24)*** (-5 to 53) (31-69) (85-104) (15-48) (47-60) (2-93) (42-63)
0.000%*”** 0.002 0.000 0.467 0.003 0.002 0.039 0.001
Brown shrimp 15503 15503 15503 47526 47711 38386 29934 143947
>MLS 24% 69% 76% 100% 31% 57% 79% 86%
(—8 to 55) (39-99) (56-96) (89-110) (14-48) (46-67) (70-87) (72-100)
0.004 0.047 0.025 0.410 0.003 0.003 0.008 0.056
9 10 11 12 13 14 15
Brown shrimp 25445 60978 48825 129883 30534 211612 58875
<MLS 99% 52% 81% 116% 74% 110% 72%
(70-128) (46-58) - (102-130) (72-75) (80-139) (54-91)
0.673 0.001 0.032 0.000 0.355 0.022
Brown shrimp 25380 61208 19888 56038 40956 55798 29314
>MLS 112% 73% 92% 88% 91% 98% 96%
(69-155) (59-88) - (74-103) (74-108) (91-105) (82-110)
0.330 0.015 0.096 0.303 0.762 0.323

o Series 3: with pulses and array B

By using electrode array B, the catch losses were
further decreased. The catches for small and large
shrimps were 50 and 76%, respectively relative to
the standard net, both significantly higher compared
to Series 1 (respective p-values 0.008 and 0.004).
Again the losses of larger animals were less com-
pared to the smaller shrimps.

During the first three series of experiments on RV
Belgica, the shrimp trawl with shortened groundrope
was used, i.e.:

» Series 1: without pulses
The loss of shrimps was 90% for small and 76%
for large shrimps. This demonstrates that the raised
groundrope creates an escape route through which

most of the shrimps escape when no pulses are used.
From Fig. 2 (Series 1) a clear length effect was ob-
served, i.e. an increasing escape rate with decreasing
length.

Series 2: with pulses and electrode array A

By switching the pulse generator on in the same con-
figuration as in Series 1, the loss is reduced. This is
especially the case for the larger shrimps with 31%
shrimp loss relative to the standard net. This was sig-
nificantly more (/2=0.019) than in Series 1. For the
smaller shrimps, the catch loss was 76%, which was
not significantly higher than in Series 1. Fig. 2 (Se-
ries 2) again shows a length effect, indicating that for
shrimps larger than 60 mm there was no catch loss
and even a slight catch increase.

The first three series of trials on the commercial ves-
sel were used to identify the effect of fishing gear
alterations without electric pulses although the elec-
trodes were rigged into the net opening for each
series.

Series 4: standard shrimp trawl

During these trials, the experimental net was iden-
tical to the standard net, with the exception of the
presence of electrodes in the net opening (not gen-
erating pulses). In this Series, the tickler effect
of the electrodes could be evaluated. The shrimp
catches in the standard and the experimental net
were comparable. For the smaller shrimps a small
reduction was observed, although it was not signifi-
cant. For most of the fish and invertebrates, a catch
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increase was observed which was, however, never
significant.

« Series 5: shortened groundrope with long connectors
The fishing gear in this set of trials was identi-
cal to the previous Series with the exception of a
raised groundrope with long connectors. The losses
of shrimps were substantial and significant for small
as well as large shrimp. No clear length effect was
observed. The losses of fish and invertebrates were

Series 1

0 50 100
Lengthclass (mm)

Series 3
2500 125% A
<2000 100% E
2 1500 75% &
I 1000 50% ‘é’
“ 500 25% a?
0 0%
0 50 100

Lengthclass (mm)

Series 5
8000 100%
i- 6000 75%
E 4000 50% 8
2000 25%
0%
0 50 100
Lengthclass (mm)
Series 7
5000 200%
%3750 150%
E 2500 100% <B
1250 50%
0%
0 50 100

Lengthclass (cm)

also substantial. It is clear that the raised groundrope
creates a good escape route for all animal species
caught by shrimp trawlers.

« Series 6: shortened groundrope with short connec-
tors
The only difference between this Series and the pre-
vious one was the short connectors, resulting in a
more stable groundrope held close to the bobbins.
The catch reduction for shrimps was significant for

Series 2

Lengthclass (mm)

Series 4
36000 7 S — r 150% ,,
&>
2 a* po
.8224000 I A 100% d
pA X
E .1,
3 12000
0%
0 50 100
Lengthclass (cm)
Series 6
32000 100%
22 24000 75%
16000 50% o
8000 25%
0%
0 50 100
Lengthclass (cm)
Series 8
100000
80000
60000
40000
20000
0 50 100

Lengthclass (cm)

Fig. 2. The length frequency distributions for brown shrimp caught in the standard and the experimental net and the percentage in the experimental

net catch relative to the standard net catch.
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Fig. 2. (Continued).

both small and large animals, although the losses
were significantly less (p=0.004) compared to Se-
ries 5. For all fish and invertebrate species, large
catch reductions were observed but for many species
the reductions were not significant.

The following six series of trials were carried out to

evaluate electrode array A, i.e.:

Series 7: standard shrimp trawl, with pulses gener-
ated by 1 pulse generator

It was originally planned to carry out trials with two
generators, but due to a breakdown, the sea trip was
continued with only one functioning generator. A no-
table loss of shrimp catch was observed, with small
shrimps about 50% and large only 80% compared to
the standard net. The length effect was quite clear,
with high losses of small shrimps and for the largest
animals (>70 mm) a slight tendency of a catch in-
crease. Since the trials were carried out with a stan-
dard net, the catch loss must have been caused by the
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electric pulses. For the commercial fish species, the
only significant difference was the catch reduction
for large whiting. For the other species, a significant
catch increase was found for non-mobile species like
the common starfish (Asterias rubens) and Ensis di-
rectus. For gobies (Pomatoschistus spp.) a signifi-
cant catch reduction was obtained. For other species,
the results were variable.
Series 8: the same as the previous one but with 2
pulse generators operating inparallel
Again, important catch reductions were obtained for
brown shrimps, although less pronounced compared
to the previous Series. A concurrent length effect
was observed. For commercial fish, the results were
again rather inconclusive. The catch reduction for
undersized whiting was significant. For large sole,
the catch was higher in the electro-net although the
significance could not be tested since this species
was only caught in one haul. The results for the non-
commercial fish and invertebrates were quite species
dependent. The significant catch reduction for pogge
{Agonus cataphractus) and gobies may suggest a
repellent effect of the pulses for these animals.
The significant increase in catch of the common
swimming crab {Liocarcinus holsatus) may, how-
ever, point to a stimulating effect of the pulses for
crabs.
Series 9: the same as the previous one but with small
meshes in the top panel
Because it was not expected that the shrimp catches
would decrease with electric pulses (Series 7 and
8), it was suspected that shrimp escaped by another
route. It might be that due to the extra stimulation,
shrimp would tail-flip up to the top panel where the
larger meshes (28 mm) would allow escape. There-
fore, the front part of the top panel was shielded
with a small mesh panel (10 mm mesh opening).
The catch of undersized shrimps was almost iden-
tical in both nets. The catch of large shrimps was
12% higher in the electro-net, although the differ-
ence was not significant. A clear length effect was
not observed.
The catch differences for the other species were
again species dependent and to a great extent the
same as in Series 8.
Series 10: shortened groundrope with long connec-
tors, no small meshes in the top andpulses generated
by 2 generators

The configuration used here was identical to Se-
ries 5, but with pulses. High shrimp losses were ob-
served, although not as high as in Series 5. The catch
losses were significantly less compared to Series 5
(» =0.007 and 0.001 for small and large shrimps re-
spectively). Strong reductions in fish and inverte-
brate catches were also observed.

* Series 11:the same as theprevious one but with short
connectors
The catches of small and large shrimps were, re-
spectively, 81 and 92% relative to the standard net.
The catch losses were somewhat higher for the small
shrimps but any length effect was weak. For almost
all fish and invertebrate species, important catch re-
ductions were observed. The results for this Series
are less reliable since only one valid haul was earned
out.

o Series 12: the same as the previous one but with
small meshes in the top panel
A catch loss of 12% for large shrimps was ob-
served, although not significant. For small shrimps,
a significantly higher catch was obtained in the
electro-net (116% relative to the standard). The
length effect observed in the trials without small
meshes in the top was absent and had reversed to
some extent. The catch differences for commercial
fish were quite variable and a significant reduction
was noted only for undersized plaice. Catch reduc-
tions were seen for most of the non-commercial
fish and invertebrate species. Only for the common
swimming crab (L. holsatus) and Callionymus spp.
was the catch higher in the electro-net.

The last three series of trials were carried out to
evaluate electrode array B. The configurations tested
were not as complete as for electrode array A due to
time restrictions.

o Series 13: standard shrimp trawl, with pulses from
1 pulse generator
A significant catch reduction was observed for small
shrimps and as for the other trials without small
meshes in the top, the length frequency distribution
showed a clear length effect. For large shrimps the
catch reduction was small and non-significant. The
catch differences for the other species were quite
variable and species dependent.

» Series 14: same as the previous one but with small
meshes in the top panel and 2 generators
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The shrimp catches in the electro-net were not
significantly different from those in the standard
net. The length effect seen in the trials without
small meshes in the top panel was absent. For
most of the commercial fish species, a catch reduc-
tion was seen, although only significant for under-
sized whiting. For sole and dab the catches were
higher in the electro-net but the differences were
not significant. The results for non-commercial fish
and invertebrates were quite variable and species
dependent.

o Series 15: shortened groundrope with short connec-
tors, no small meshes in the top andpulses generated
by 2 generators
A significant catch reduction was seen for small
shrimps, but for large shrimps the catches remained
the same. For almost all commercial fish the catches
were lower in the electro-net, but only significant for
undersized plaice.

With the exception of Callionymus spp. all non-
commercial fish and invertebrate species were
caught in lower numbers in the electro-net.

4. Discussion

A disadvantage of the generators MJX-50 and LWY,
in sea-going applications, was the cables connecting
the onboard power supply and control unit to the gen-
erator rigged on the fishing gear. This made shooting
and hauling the gear difficult. The high electric volt-
age in the cable was also a safety risk for the crew. An
advantage of the cable connection was the ability to
check the functioning of the generator while fishing.
The generator Tongfa-98, fed by batteries, solved the
problem of a cable connection, but had the disadvan-
tage of not being sufficiently powerful to feed the full
electrode array.

4.1. Brown shrimp

From the preliminary experiments on RV Belgica
(Series 1-3), it was clear that the pulses had an effect
on the shrimp catches. A catch loss for large shrimps of
76% was reduced to a loss of 31 and 24% for electrode
arrays A and B respectively. Other trials demonstrated
the same effect of the pulses, e.g. comparing Series 6
(no pulses) with a catch loss 0f43% and Series 12 (with

pulses) showing a non-significant catch loss of 12%.
Apparently, the stimulation of the electric pulses was
strong enough to bring the majority ofthe shrimps into
the net. In a number of experiments, however, a clear
length effect was observed when pulses were used, i.e.
the catch reduction of small shrimps was higher com-
pared to large shrimps. At first, it was thought that the
larger shrimps showed a stronger startle response com-
pared to the small ones. The observation tests in the
laboratory, though, only indicated a rather small dif-
ference (10% or less) in startle response. The length
effect was not observed when a small mesh panel was
rigged into the top panel. This indicated that some ofthe
shrimps were tail-flipping as high as the top panel and,
in the absence of small meshes, could escape through
the top panel meshes. Clear length selectivity occurred
in that area, with more small shrimps escaping than
large ones.

De Groot and Boonstra (1974) obtained 39 and 20%
higher commercial and undersized shrimp catches with
an electro-net (i.e. standard shrimp trawl with pulses
as extra stimulation). They found a length effect in the
shrimp catches, although not as pronounced as in this
study. Shrimp nets then were usually made of smaller
meshes. Due to the lower selectivity, it is logical that
the length effect is less clear. The relative catch in-
crease for commercial shrimps of 39% is markedly
higher compared to the 12% observed in Series 9 of
this study. It may be that electric pulses enhance the
escapement of shrimps through the meshes of the net
body. Smaller meshes will release less shrimps, lead-
ing to a stronger relative catch increase, as observed
by De Groot and Boonstra. It may also be that dif-
ferent environmental conditions during the sea trials
caused this difference in relative catch increase, but
due to a lack of data, no decisive answer can be given.
Similar catch increases were observed by Delanghe
et al. (1988) fishing with an electrified shrimp beam
trawl.

A possible disadvantage ofthe electro-net as used in
this study was the tickler effect of the electrodes glid-
ing over the seafloor. The impact of this tickler effect
on the catches when fishing with raised groundrope
is difficult to estimate with the available data. An al-
ternative electrode array with electrodes not touching
the seafloor might further decrease the unwanted by-
catches. Future experiments should pay attention to this
issue.
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4.2. Commercialfish species

Reductions of the whiting catch were obtained for
most of the Series, although only significant in four tri-
als. Escapes were recorded with the raised groundrope,
but also when the standard net was fished with pulses.
Apparently, the electric field had a scaring effect on this
species inducing their escape from the net. Published
data on by-catches in electro-trawls are scarce, but for
whiting and also for cod the same effect was reported
by Vanden Broucke and Van Hee (1977). For poor
cod, on the other hand, no significant reductions were
recorded, indicating that this species was not scared
out of the net and did not even escape underneath the
raised groundrope.

For sole, the results were quite variable and in-
conclusive. Undersized plaice, on the other hand,
clearly used the escape route underneath the raised
groundrope. There was even a slight indication ofcatch
reduction due to the electric field when fishing with the
standard groundrope. For undersized dab, catch reduc-
tion was obtained when fishing with electric pulses,
both with the raised and the standard groundrope. This
might indicate that these fishes did not use the es-
cape route underneath the net. The catches were not
lower in the electro net, only when small meshes were
rigged in the top panel of the net. This indicates that
this species had a similar behaviour to shrimps, i.e. an
upwards movement in the electric field. The fishes that
were small enough could escape through the larger net
meshes in the top panel. This is supported by the ob-
servation tests that showed that dab swam straight up
after the electric field was switched on.

4.3. Non-commercialfish and invertebrate species

Heavier animals like hermit crabs clearly benefited
from the escape route underneath the net, reaching
catch reductions from 35% up to almost 100%. Sim-
ilar good catch reductions were obtained for shellfish
species like Spisula subtruncata, Abra spp., Angulus
spp. and E. directus. Also for the other invertebrate
species, strong catch reductions were observed with
the electro-net. Often, these were not significant due to
the rather low numbers of observations per Series. For
L. holsatus the same behaviour was recorded with one
exception. In Series 12, despite the raised groundrope,
higher catches were found in the electro-net. In these

hauls, very high numbers of small crabs (about 1cm
carapace width) were caught. Apparently, these small
animals did not show the same behaviour as the larger
animals of the same species that are more usual in the
catches. The small crabs did seem to react to the pulses.

The results forthe non-commercial fish species were
similar. Species like 4. cataphractus and especially
Pomatoschistus spp. also showed catch reductions in
the electro-net rigged with a standard groundrope. For
these two species, the pulses seemed to have a scaring
effect resulting in lower catches.

4.4. Comparison with the other selective devices

In Polet (2003), it was already concluded that the
sieve net would be the better choice for the Belgian
shrimp fishery compared to a sorting grid. Comparing
electric fishing with the sieve net is difficult. Electric
fishing is a method still further to be developed. Some
problems with the rigging have already been identified
and it is probable that future research and commercial
testing will lead to improved selectivity. The sieve net,
on the other hand, has long past the development phase
and has been in commercial use for several years. The
design as it stands now is close to optimal for commer-
cial application.

For the sake of completeness, a comparison is given
below and some general conclusions can be drawn. The
results should be interpreted with the remarks of the
previous paragraph in mind. The principle of electric
fishing, i.e. selection of animals before entering the net,
has clear advantages compared to the filtering princi-
ple of the sieve net. The contact of escapees with the
electro-net is minimal since they escape underneath the
net, so escapee mortality is likely to be lower.

For commercial shrimps, the electro-net (Series 12)
outperforms the sieve net (Table 5, All CV-Trials).

Table 5

The p-values of the r-tests (and Mann-TVhitney 7-tests between
brackets) indicating the significance ofthe differences between com-
mercial shrimps lost comparing the sieve netand the electro-net (only
commercial vessel trials) (details in Polet, 2003)

Sieve net Electro-net-Series 12
CV-Spring 0.75 (0.72)
CV-Summer 0.42 (0.42)
CV-Autumn-Winter <0.01 (<0.01)

All CV-trials 0.02 (0.03)
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The catch loss was not different when comparing the
electro-net with the CV-Spring and CV-Summer trials.
So, ifthe technical problems with the sieve net observed
in the CV-Autumn-Winter trials could be resolved or if
aseasonal enforcement ofthe sieve net would be imple-
mented, the catch loss of the sieve and the electro-net
would be comparable. It is expected, however, that fur-
ther optimisation of the electro-net could improve the
performance for commercial shrimps. So, it is likely
that in the future, electric fishing would be the better
choice for the fisherman.

The good catch reductions for commercial fish
<MLS observed with the sieve net were not found to the
same degree with the electro-net. For non-commercial
fish and invertebrates, on the other hand, both selective
trawls showed comparable catch reductions.

4.5. Thefuture ofelectric fishing

The results of this study indicate that electric fish-
ing has good potential to improve the selectivity of the
shrimp beam trawl. The sea trials have been carried out,
though, in a limited variation of circumstances like sea-
sons, vessels and fishing grounds. Therefore, the poten-
tial for a wider applicability in brown shrimp trawling
should be further studied.

Since the electric pulses have a clear selective effect
on different fish and invertebrate species, other applica-
tions should be possible as well. Any trawl fishery with
amixed catch, facing problems with discards, could ap-
ply the method to prevent certain species from entering
the trawl, on the condition that the target species have
a different response compared to the by-catch species.
Catch separation within the netis also feasible. An elec-
tric field could enhance the effectiveness of selective
devices like a separator panel in the net. Another appli-
cation could be the reduction of catches, losses of tar-
get species in an outlet of, e.g. a sorting grid. A recent
example is the problem of losses of penaeid shrimps
through the outlet of a sorting grid aiming at the reduc-
tion of fish by-catch (Foster and Watson, 2003). The
grid appears to be very effective in releasing finfish but
also allows shrimps to escape. A small electric field
could prevent this. The effectiveness of square mesh
windows could be improved with electric pulses. A
problem with these devices is that they offer an escape
route to fish but the animals sometimes do not use the
opportunity because of lack of stimulus. Pulses could

offer this stimulus in some cases. This list is not ex-
haustive.

An acute problem with electric fishing is legisla-
tion. Council Regulation 850/98 prohibits the use of
electricity in any fishery in EU waters. The reason is
that electricity can be (mis) used in different ways to
catch fish, often quite detrimental. Before the method
can be applied, it is inevitable that steps will have to be
taken to alter the regulation. A consensus on the mer-
its ofthe method should therefore be achieved amongst
fishermen, managers and scientists before arealistic at-
tempt can be made to do so. DG XIV (fisheries) of the
European Commission has already expressed a pos-
itive attitude towards electric fishing and stated that
legislation can be altered on condition that a substan-
tial report with sufficient supportive arguments can be
presented.

5. Conclusions

The selective electro-net seems to be feasible. The
sea trials indicated that the raised groundrope created
an escape route for most of'the species regularly caught
in shrimp trawls, and also for brown shrimps. The elec-
tric field made the shrimps tail-flip high enough to
be caught. The response was even strong enough to
make the shrimps jump as high as the top panel, lead-
ing to catch losses. To prevent this, the insertion of
a small mesh piece of netting into the top panel was
necessary.

It can be concluded that the electro-net with raised
groundrope and small meshes in the top panel gave
satisfactory results. The losses of commercial shrimp
catches were small or even non-existent. Part of the
undersized commercial fish catch could escape and
non-commercial fish and invertebrates were caught in
lower numbers compared to the standard net. Future
work should pay attention to the design of an electro-
trawl with a larger net opening, allowing long elec-
trodes and a new type of bobbin rope with less bottom
contact. Bearing this in mind, electric fishing should
be a feasible alternative to the standard shrimp trawl
and could be an acceptable alternative balancing the
economic interests of the fishermen and the ecolog-
ical demands of the marine ecosystem. Future trials
should done out with a newly designed modem pulse
generator.
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It should, however, be borne in mind that the sea
trials in this project only covered a short time span and
a narrow range of conditions such as water tempera-
ture, currents, degree of activity of the shrimps etc. An
extensive range of sea trials on commercial vessels in
different conditions should precede commercial appli-
cation.

The final obstacle on the way to a possible com-
mercial application is Council Regulation 850/98 that
prohibits the use of electricity in any fishery in EU
waters. Before the method can be applied, steps
must be taken to alter this regulation. A consen-
sus on the merits of the method should therefore
be achieved amongst fishermen, managers and sci-
entists before a realistic attempt can be made to do
so.
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