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Executive summary

The Study G roup on Electrical Trawling (SGELECTRA) chaired by Bob van Marlen, 
and Bart Verschueren, met from  7-8 May 2011 at the M arine Research Institute of 
Reykjavik, Iceland. A total of seven participants attended from  N etherlands, Belgium, 
Germany, Scotland, Russia and Lithuania.

Following the ICES Advice on Pulse Trawling on flatfish of 2006 further studies were 
carried out by IMARES, the N etherlands on catsharks (Scyliorhinus canicula L.), cod 
(Gadus morhua L.) and a range of benthic species (ragw orm  (Nereis virens L.), common 
praw n (Palaemon serratus L.), subtruncate surf clam (Spisula subtruncata L.), European 
green crab (Carcinus maenas L.), com m on starfish (Asterias rubens L.), and Atlantic 
razor clam (Ensis directus L.) under pulse stim ulation of the Verburg-H olland system. 
These studies were review ed and discussed at WKPULSE.

Further studies were conducted on cod in 2010 that were presented and discussed 
here. Juvenile cod (10-12 a n )  were affected to a lesser degree by electric pulse stim u­
lation than larger individuals (44—51 cm). By increasing pulse frequency or d eaeas- 
ing pulse am plitude harm ful effects on larger cod can be avoided. A remaining 
question is w hether these pulse settings w ould  still enable catching the target species 
sole and plaice.

A presentation was also given about the developm ent of a pulse traw l for the brow n 
shrim p (Crangon crangon L.) fisheiy in  Belgium and the beginning of sea trials in  the 
Netherlands.

In addition a report was given on electric fishing for razor clams (ensis) in Scotland, 
and w ork in  Russia and Lithuania from  1972-1988. A vast body of reports in  the Rus­
sian language exist that m ight contain valuable inform ation for this group.

The w ork already done in EU DEGREE-project and study FISF1/2009/07 LOT3 for 
flatfish fisheiy was extended. A new  scenario was ru n  (scenario 2c) w ith pulse traw l­
ing replacing standard  beam  traw ling in  the 24—40m and >40m m étiers of 80-90 m m  
m esh size using the m odel of Piet et al., 2009. The results indicate that cod landings 
and discards can be reduced by -7%. It was advocated to update the m odels used 
w ith results from  new  full-scale tests.

It was intensively discussed how  electric fishing gears can be regulated and con­
trolled to avoid negative impacts. A m ajor problem  is that the im pact of electric 
pulses potentially depends on a variety of param eters. Relevant puls characteristics 
and other variables were identified such as: am plitude in V, electric field strength in 
V/rn, pulse frequency in ITz, pulse duration in  ps, pulse form, method: continuous or 
interm ittent, the configuration of the electrodes (diameter, length, insula­
tor/conductor m ounting etc.), as well as: species, length in  cm, seaw ater tem perature, 
conductivity of organism, seawater conductivity, position of organism  in electric 
field, sedim ent characteristics and conductivity, and tow ing speed. It is quite clear, 
that it is not optim al to specify all these param eters in  legislation and difficult to con­
trol them. Therefore, it is hoped that sim pler limits can be found, such as capacitor 
size, as these will physically lim it any increase in the ou tpu t energy the system  can 
deliver. It m ay be the case that for different species groups (shrimps, flatfish) differ­
ent limits need to be defined.

The reviewing experts recom m ended to:

• Continue w ork on TOR's a ) , ..., e)
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Follow and participate in  the debate of the D utch W orking G roup on Control 
& Enforcement
Consider producing an ICES Cooperative Research Report (CRR) on electric 
fishing, possibly through w orking by correspondence
Meet again spring 2012 (prior to WGFTFB), possibly in conjunction w ith 
WGFTFB
Consider including other experts (e.g. on fish physiology, m odelling effects).
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1 O pening of the m eeting

The Chairs Bob van M arlen and Bart Verschueren welcom ed the Study G roup on 
Electrical Trawling (SGELECTRA) participants and explained some practical ar­
rangem ents. A list of participants is given in  Annex 1. Daniel Stepputtis and Bob van 
M arlen acted as rapporteur, and text inputs were also given by Bart Verschueren.

The terms of reference for this m eeting are given in  Annex 2.

2 Confidentiality issue

The commercial activities of V erburg-H olland Ltd. of Colijnsplaat, the N etherlands 
were transferred to the DELMECO G roup at Goes, the Netherlands. All restrictions 
concerning confidentiality that ham pered discussions in the past have been lifted. 
The DELMECO G roup asked us to m ention the patent they have in  future publica­
tions. The second producer of pulse traw ling systems, HFK Engineering of Baarn, the 
N etherlands announced not to im pose any restrictions concerning confidentiality.

3 Adoption of the agen d a

The agenda was adopted w ith /w ithout modifications.

4  Review of earlier work and recom m endations at WKPULSE

4.1 History and  background presen ted  by Bob van Marlen

4.1.1 Background an d  s ta te -o f - th e -a r t

Bob van M arlen gave a short overview  of the history of the developm ent of pulse 
trawling, the ICES Advice of 2006, the follow-up research done by IMARES, the re­
view of this w ork leading to the ICES Advice of 2009. A detailed Report is given in 
(ICES, 2010). For reference sake some major topics are copied below.

4 .1 .2  Q uestions  ra ised  by th e  European  Commission ad d re sse d  to ICES

The questions raised by the European Commission to were:

a ) What change in fishing mortality could he expected following the adoption of 
such gear in the commercial fishery, assuming unchanged effort measured in 
kW-days at sea?

b ) What effect would such a widespread introduction have in terms o f (i) the 
mixture o f species caught; (ii) the size offish caught?

c ) What, if  any, effects would such introduction have on non-target species in 
the marine ecosystems where this gear was deployed?

4 .1 .3  ICES conclusion and  recom m enda tion  in 2 0 0 6  on add itiona l d a ta  needs

ICES C oncluded in 2006:

"The available information shows that the pulse trawl gear could cause a reduction in catch 
rate (kg/hr) o f undersized sole, compared to standard beam trawls. Catch rates of sole above 
the m inim um  landings size from  research vessel trials were higher but the commercial feasibil­
ity study suggested lower catch rates. Plaice catch rates decreased for all size classes. No firm  
conclusions could be drawn fo r  dab, turbot, cod and whiting but there was a tendency for  
lower catch rates.
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The gear seems to reduce catches of benthic invertebrates and lower trawl path mortality of 
some in-fauna species.

Because o f the lighter gear and the lower towing speed, there is a considerable reduction in 
fuel consumption and the swept-area per hour is lower.

There are indications that the gear could inflict increased mortality on target and non-target 
species that contact the gear but are not retained.

The pulse trawl gear has some preferable properties compared to the standard beam trawl with  
tickler chains but the potential for inflicting an increased unaccounted mortality on target and 
non-target species requires additional experiments before final conclusions can be drawn on 
the likely overall ecosystem effects o f this gear. "

The recom m endations of ICES in 2006 were:

"Further tank experiments are needed to determine whether injury is being caused to fish  
escaping from  the pulse trawl gear. The experiments need to be conducted on a range of target 
and non-target fish  species that are typically encountered by the beam trawl gear and with  
different length classes. In these trials it should be ensured that the exposure matches the 
situation in situ during a passage of the pulse beam trawl. Fish should be subjected to both 
external and internal examination after exposure.

I f  the pulse trawl were to be introduced into the commercial fishery, there would be a need to 
closely monitor the fishery with a focus on the technological development and bycatch proper­
ties. "

ICES Advice of 2009

In consultation w ith  the European Commission, in  September 2009 the D utch M inis­
try requested ICES review  the reports and to provide updated  advice on the ecosys­
tem  effects of the pulse trawl. The reports were independently  review ed by a group 
of experts in  the fields of electric fishing techniques, fishing gear technology, benthic 
ecology, unaccounted m ortality and fish survival experim entation. This was coordi­
nated by the chair of WGFTFB. The reviewers were specifically requested to consider 
the questions raised by ICES in the 2006 advice and w hether the additional experi­
m ents had  successfully addressed these issues. This advice was subm itted to ICES 
ACOM and based on the expert reviews, ACOM concluded that:

• The experiments are a valuable further step to evaluate the ecosystem effects of 
fish ing with pulse trawls.

• Laboratory experiments on elasmobranchs, benthic invertebrates, and cod to test 
the effects of electric pulses were generally well designed and interpreted correctly. 
However, the experimental results have some weaknesses as discussed below.

• The experiments indicate minimal effects on elasmobranchs and benthic inverte­
brates.

• Electric pulses resulted in vertebral injuries and death of some cod which were in 
close proximity (<20 cm) to the conductor emitting the electric pulses. There is in­
conclusive evidence that the capture efficiency o f cod by pulse trawls is higher than 
fo r conventional beam trawls (see attached review by Norman Graham). Wide­
spread use of the pulse trawl has the potential to increase fish ing mortality on cod 
as a result of injuries caused by electric pulses (and possibly higher capture effi­
ciency) but further research is needed to draw firm  conclusions.

• While the results of laboratory experiments are informative, many factors could 
result in different effects during actual fish ing operations. In particular, specifica-
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tions contained in the derogation for the pulse trawl allow a wider range o f electric 
pulse characteristics than were tested in the experiments. Therefore, pulse trawls 
permitted under the EC derogation may generate substantially different effects 
than those observed in the experiments.

• This advice is narrowly based on the review of three reports provided by The Neth­
erlands. Concerns and uncertainties raised in the advice may be addressed by fu r ­
ther research, refinement o f the derogation, and monitoring the fishing operations 
and performance o f vessels using pulse trawls.

The Report of the WGFTFB A d hoc G roup of 2006 specifically m entioned potential 
spinal dam age to cod exposed to electrical stimulation, potential effects on inverte­
brates and possible d isruption  of the electric sensory systems of elasmobranchs. Sub­
sequently, the European Com mission granted The N etherlands a derogation for 5% 
of the fleet to use the pulse traw l on a restricted basis provided attem pts were m ade 
to address the concerns expressed by ICES. This derogation has been granted every 
year since 2007.

The N etherlands (specifically IMARES) has studied the effect of the electric pulse 
traw l during the period 2007-2009 to fill these gaps in  know ledge through a series of 
tank experim ents on elasmobranchs, invertebrates and cod. The experim ental species 
were subjected to electrical stimuli believe to be representative of in situ fishing con­
ditions. The findings from  these experim ents are given in three reports:

i ) The effect of pulse stim ulation on biota -  Research in relation to ICES ad­
vice -  Progress report on the effects to cod (De H aan et ah, 2009a).

ii ) The effects of pulse stim ulation on biota -  Research in  relation to ICES
advice -  Effects on dogfish (De H aan et ah, 2009b).

iii ) The effect of pulse stim ulation on m arine biota -  Research in relation to
ICES advice -  Progress report on the effects on benthic invertebrates 
(Van M arlen et ah, 2009)

4.3 Points raised at  WKPULSE

4.3.1 G en era l  C om m ents  

Methodology and Pulse Characteristics

It was questioned w hether the pulse sim ulator used in laboratory experim ents w ere a 
good representation of the stimuli that m arine organism s will undergo in  a pulse 
traw l in situ. Regarding the pulse characteristics, it was identified that three aspects 
m ust be distinguished: the pulse characteristics themselves, the pulse com position 
(e.g. 1 second bursts), and the dynam ic traw ling situation w ith  fish behaviour in the 
field.

4 .3 .2  Cod

Observations on the  Trial Results

The issue was raised w hether other species than  cod should also be taken into con­
sideration, such as dab, tu rbot and whiting, w hich are im portant by catch species.

Level of Cod Catches

It was questioned w hether pulse traw ling w ould  affect the cod stock to a larger de­
gree. Van M arlen show ed tw o datasets at WKPULSE on cod catches per unit of time:
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one from  FRV "Tridens" w here tw o nets were fished sim ultaneously side by side, the 
pulse traw l and the conventional tickler chain beam  trawl, at the optimal speed for 
the pulse trawl, i.e. 5.5 kts, and the other from  a com parison of a fully equipped 
commercial beam  traw ler fishing w ith tw o pulse traw ls w ith  traw lers fishing w ith 
conventional tickler chain beam  traw ls in the same area and time. The results seem to 
contradict. In the first set a higher cod catch was found (ratio pulse/conventional 
2.28), and in  the second set the catch was lower (ratio pulse/ conventional 0.48). More 
data collection was advocated.

Behaviour

In the actual situation a fish entering a pulse traw l moves in relation to the non- 
uniform  electric field, and the dose is determ ined by the field strength over the fish' 
body w hich depends on the duration and relative position to the conductors of the 
electrodes, and also depends on the fish' length. The w ish for underw ater observa­
tions to learn m ore about fish (cod) behaviour in  the real in situ  pulse traw l was ex­
pressed.

4 .3 .3  E lasm obranchs

It was com m ented that the results d id  not show  w hether there are any effects on the 
electro-receptor organ of the catsharks (Scyliorhinus canicula L.) tested, as they were 
offered food w hich they need not detect themselves.

4 .3 .4  Benthic Invertebra tes

It was questioned w hether the electric stimuli can have an effect on the reproductive 
processes of invertebrates. Russian scientists had experienced that this m ight be the 
case.

4 .3 .5  Historical overview of pulse  characteristics  used in experim ents

An overview  is given in Annex 6, Table 1. The literature is not always clear about the 
details of all these characteristics, e.g. the voltage produced by various systems, espe­
cially since these values can be given as ou tpu t from  the electrical generator on deck, 
or ou tput on electrodes m easured in situ. Recent inform ation is added.

Russia/Li thuanian research on E-fishing, p resen ted  by Sarunas  Toliusis 
(Lithuania)

Toliusis presented w ork done in  the Institute at Klaipeda, Lithuania as part of the 
form er USSR over the years 1972-1988. It is w orth to note that the developm ent of 
electrical fishing was the aim  of this institute w ith 140 staff members (of which 40 
electrical engineers, and 20 ichtyologists) were working in it. The gears used were 
otter traw ls and m idw ater trawls. The docum ent is titled: "Once again about elec­
trofishing" by S. Toliusis, and given in  Annex 9.

O ther issues m entioned in  this presentation are:

• Usage of electrified gears in W ladiwostok, Black Sea, M urm ansk, and Ka­
liningrad

• Cooperation w ith GDR, Bulgaria, and w ith Poland

• Tests w ere m ade off the African coast, bu t in one case the vessel was 
brought up  by south African M arine

• E-fishery was tried  for bottom  and pelagic fishery
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• In the pelagic application electronarcosis was used to w ash fish aftw ards
to the codend.

• The system  w orked well on A tlantic mackerel and horse mackerel.

• The circumference of the net part w here the electrodes were placed 
was ~5 m.

• M ost experim ents/usage carried out in  pelagic traw l (in m outh 
part/belly to prevent escaping through big meshes using electrotaxis), 
an increase in  catches by 60% on average was obtained

• Few experim ents were done w ith bottom  traw ls (e.g. on cod), and electro­
taxis could be used to separate cod from  haddock. The effect on flatfish was 
not studied.

• The circumference of the net part w here the electrodes were placed 
was ~2 m.

• By using electrotaxis w ith  the anode in  the top sheet and the cathode 
in the bottom  sheet the traw l could be lifted 0.5-1.0 m  above the sea­
bed to avoid bottom  contact.

• Very good results were obtained, and know ledge for "clean" bottom  
fishery resulted.

• Shrimp experiments:

• A pulse was found, which resulted in  a lm  jum p by shrimps.

• Late 1980s: cooperation started w ith  SCANMAR (including batteries in
traw l doors)

• Research stopped in  1988 after regulation (international ban on E-fishery)

• M any results are published in books and articles (in the Russian language)

• Question: w here the generators were installed on deck or at the gear?

• Both approaches were used.

4.5  Li terature s tudies so far

An overview  of previous and recent w ork on electric-fishing is given in Annex 6.
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5 ToR a) To review current technical developm ents  on electrical 
fishing (with the main focus on marine fisheries)

5.1 The effects of electric stimuli on cod (presentat ion by Dick de  Haan)

De H aan gave a sum m ary of the experim ents in 2010 in  IMR Austevoll Norway. An 
overview  about the flatfish E-Systems developed in  the N etherlands was given w ith 
recent changes in these flatfish-systems, linking to ToR b). The DELMECO-system 
(former Verbürg) and the HFK-system (called 'pulse w ing' were explained. The HFK- 
system  has sealed buffers, which are hard  to change and form  a physical lim it to the 
ou tput of the system. At am plitudes higher than  100V the system  will break down. In 
DELMECO's system  the conductor diam eter was recently enlarged from  28 m m  to 41 
mm, the electrode distance increased from  0.325 to 0.41 m, and the transform er ratio 
changed from  60V to 50V (0 to peak value). The insulators and conductors used in the 
electrodes of both systems allow  m ore energy to be discharged through the conduc­
tors, and give a voltage fluctuation in length direction during passage.

Both, small and large cod were tested w ith  sim ulating both the DELMECO and HFK 
stimuli at fixed distances to the electrodes. It appeared that small cod are less suscep­
tible to spinal damage, and the occurrence in  large cod can be decreased w ith lower 
pulse voltage and higher frequency. M ore details are given in  Annex 6.

Discussion

Both, the DELMECO and HFK system  are very different in  the w ay they work, al­
though in  recent developm ents they are approaching each other (de Haan). The 
D utch systems w ork on the startle response. Toliusis asked w hy the electrodes were 
horizontally oriented; he proposed to have the anode on the upper side of the netting 
above the cathode, since fish always go to the anode (anodic attraction). By alternat­
ing polarity electrolytic corrosion can be limited. Both De H aan and Verschueren 
answ ered that the effect of the D utch systems is reached by muscle contraction and 
not electrotaxis. The efficiency is probably higher using electrodes side by side.

The question was asked of w hich m aterial the electrodes in the D utch systems are 
m ade of, and the answ er is bronze (de Haan).

Copland w ondered how  selectivity is derived. De H aan replied: by pulse rate, pulse 
type, and electrode distance. Toliusis com m ented that selectivity w ould  not be as 
effective w hen using this response.

Verschueren asked w hy the electric field strength varies along an electrode. The an­
swer is that there are several conductors and insulators along the electrode (in con­
trast to the HOVERCRAN in w hich only one conductor is used lengthw ise in  the 
electrode (de Haan).

Verschueren and Stepputtis asked w hether the given values for injuries are given for 
both pulse traw ling systems (DELMECO and HFK), and De H aan replied that this is 
the case indeed.

Verschueren argued that if higher frequencies are applied (since De H aan had  shown, 
that injuries were reduced at higher frequencies), than other param eters m ust change. 
Verschueren com m ented that w hen m aintaining the same duty  cycle pulse duration  
w ould  alter w hen varying the pulse frequency. Thus a second variable is introduced. 
It was replied that if the duty  cycle (ratio betw een pulse frequency and pulse du ra­
tion) is kept constant, then the pulse duration indeed shortens if frequency is in­
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creased for the same energy output. Field strength affected by frequency and voltage 
w ould  be the decisive variable, (de Haan).

It was also m entioned that there is a difference in  the tim ing of the occurrence of spi­
nal injury. The breaking of spines of cod can be heard; De H aan m ade recordings of 
this sound, w hich m ay be used to infer the fate of fish w ithout the need for taking X- 
rays (de Haan).

Stepputtis com m ented that the num bers of injuries for larger cod are rather high, but 
at WKPULSE it was discussed, that it m ay be of m inor im portance if related to all cod 
encountering the trawl, if m ost of the cod pass the electrodes at a larger distance. Are 
there any video observations done to estim ate the average distance of cod to elec­
trodes w hen entering the net? De H aan and van M arlen answ ered that further studies 
will be done during field tests in  Week 19 of 2011 to see w hether injuries occur in cod 
and how  they com pare w ith conventional beam  trawling.

De H aan stresses that in order to correctly interprétate the results of the experiments 
there is a need to complete the X-ray observations of the tested cod, and conducting 
in situ  fields strength m easurem ents w ith a pulse traw l placed on the seabed on both 
systems to determ ine the exact reference to the tank experim ents (there m ight be 
some artificial effect in it due to condensed electric field). Conducting such m easure­
ments is proposed to the D utch M inistry (using fixed field strength probes).

Verschueren explained that Lieven Geeraerts of M arelec has m ade a 2D-model of the 
field strength for the HOVERCRAN (only 2D needed, since there is only one conduc­
tor per electrode). The output of this m odel was shown.

Toliusis w ondered w hether the electrodes are m ade of m onoliths (solid bars) or m ade 
of tubes/. In Lithuania tubes have been used since tubes are lighter and m ore effective 
electrically.

Verschueren asked w hat the reason is, that small cod do not get injured. The muscle 
strength m ight not be large enough related to the spinal diam eter to break it, whereas 
in larger fish the muscles are m uch stronger (de Haan).

It was com m ented that in  the tests on small cod w orst case conditions were applied, 
as rather high field strength was used, based on a high inpu t voltage, since small cod 
have not show n any effect at lower input voltage. In addition w ithout sedim ent in the 
tank the field strength w ould  be higher close to the bottom  than in  reality at sea 
where the bottom  sedim ent also acts as conductor to some extent. Thus in  the tank 
trials the field lines d id  not penetrate the tank bottom  and therefore show ed a higher 
density close to the bottom  (de Haan).

5.2 Electric fishing on razor  c lams

Phil Copland gave a short sum m ary of electric fishing on razor clam (ensis sp.) in  UK 
Scotland. The reference of this report is: Breen et ah, 2011. A n executive sum m ary is 
given in Annex 8.

Points m entioned were:

• E-fishery in UK: there are hints, that there is an increasing electric fishery 
targeting Ensis

• Illegal fishery, hard  to control

• M uch better quality of Ensis obtained.
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• Informal inform ation by the divers, that these systems use so m uch energy, 
that it is possible to see a "dead"/ "yellow" m ark w here the gear went 
over.

• 5 kW (kVA) welding generators are being used per side (little detailed in­
form ation is available)

Electric fishery on brown shrimp (presentat ion by Bart Verschueren)

5.3.1 HOVERCRAN testing on com m ercial shrim p traw ler  TX 25

The HOVERCRAN, a m odified shrim p beam  traw l, aims at stricter selectivity and 
reduced seabed contact. The fundam ental idea is to replace the heavy bobbin rope 
w ith lightw eight electrodes, in order to use electrical pulsation as a stim ulation alter­
native. Prior research by ILVO show ed that the use of a specific electric field close to 
the seabed induces a startle response in shrim p, m eanw hile not affecting m ost of the 
other benthic species. The elevated footrope lets non-target species escape u nder­
neath the traw l and collects the shrim p that jum p up  into the w ater column. H erein 
lays the selective fishing potential of this alternative technique.

Preservation of the commercial catches and the reduction of discards and seabed 
contact are the decisive criteria in the evaluation of the HOVERCRAN. Extensive 
testing of the prototype on a Belgian shrim p cutter, by direct catch com parison w ith a 
standard  shrim p trawl, revealed im portant and hopeful results. First and foremost 
could be show n that at least as m uch shrim p can be caught w ith the new  technique 
com pared w ith the traditional gear. An im portant rem ark hereby is that the catch 
efficiency of the HOVERCRAN seems less influenced by the fishing conditions. Dif­
ferent hauls during daytime, night-time, in  clear or tu rb id  water, in good and bad 
w eather conditions produced relatively constant catches, w hile the traditional gear 
show ed rather diverse catch results. O n top of that, an average bycatch reduction of 
35% in volum e is a major step forw ard in  the discard issue of the brow n shrim p fish­
ery. These results show ed that the raised groundrope plays an essential role in sepa­
rating shrim p from  unw anted  bycatch. The higher the footrope is placed, the m ore 
bycatch is reduced. As a consequence also m ore shrim p tend  to escape beneath the 
groundrope. Therefore the ideal footrope height should be a trade-off betw een ac­
ceptable shrim p catches and sufficient bycatch reduction. Reduction of bottom  con­
tact by 75% is a radical change in the environm ental im pact issue. Opinions on the 
effects of the bottom  contact on the seabed and its associated organism s differ a lot. 
Avoiding bottom  contact in  the brow n shrim p fishery m akes the discussion redun­
dant.

It should, however, be borne in m ind that the sea trials only covered a relatively short 
time range of 6 m onths in  sum m er and au tum n and only took place in  Belgian w a­
ters. For this reason, it was recom m ended to elaborate the research. An extensive 
range of sea trials on commercial vessels in different conditions and fishing grounds 
should precede commercial application.

In the m ean tim e ILVO and IMARES have begun new  testing in  collaboration w ith 
the D utch shrim p fishery. In spring 2011 a D utch commercial shrim p cutter (TX 25) 
was equipped w ith an im proved version of the system. In sum m er 2011 a second 
vessel (HA 31) will follow. These vessels will perform  year-round testing, operating 
in  the W adden Sea. This will hopefully reveal the feasibility of the technique under 
variable commercial circumstances.
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5 .3 .2  Effects of th e  HOVERCRAN pulse  (low-frequency pulsed direct current) on 
cap tive-housed  sea  fish

To reduce the unw anted bycatch in shrim p trawling, alternative stim ulation tech­
niques such as electricity w hich selectively invokes a reaction in shrim p m ight be 
used. The effects of the specific HOVERCRAN electric pulse on a selection of sea fish 
were investigated by ILVO.

Sea fish

Seven different species were selected i.e. (Pleuronectes platessa, n=41, length: 9.5- 
41.0cm), sole (Solea solea, n=44, length: 13.0-36.0cm), dragonet (Callyonimus spp., 
n=40, length: 8.0-21.0cm), pogge (Agonus cataphractus, n=40, length: 6.0-14.0cm), 
arm ed bullhead (Myoxocephalus scorpius, n=29, length: 14.0-27.0cm), fivebeard rock- 
ling (Ciliata mustela, n=14, length: 12.0-19.5cm) and Atlantic codfish (Gadus m orhua, 
n=30, length: 17.5-40.0cm). Fish were captured on the Belgian coast w ith  an 8m tw in 
flatfish beam  traw l or an 8m shrim p beam  traw l during 3 different sea trips. Once 
ashore, all fish were visually inspected for liveliness and injuries, only animals in 
good condition were transferred to the aquarium  facilities. All fish were given an 
adaptation period betw een 14 and 45 days, during which general condition and feed­
ing was constantly observed.

Experimental setup

After the adaptation period each fish was alternately transferred to a glass exposure 
aquarium  containing approxim ately 240 litres of seawater (120cm L x 50cm W x 40cm 
H) and was allowed to swim  free. Seawater quality and tem perature in  the exposure 
tank was the same as the housing aquarium s. The bottom  of the aquaria was covered 
w ith  rinsed sand. The tank was equipped w ith tw o threadlike electrodes, placed on 
the bottom  plate of the tank. Each 50cm long electrode was com posed of seven solid 
cupper strands and had  a circular section of 16 m m 2. These conductors were placed 
parallel at a distance of 60cm from  each other, 30 cm from  the adjacent aquarium  
wall. Both electrodes were electrically connected w ith a custom  built adjustable im ­
pulse generator. After a fish was transferred to the exposure tank, the behaviour of 
the anim al was observed during 10-20 m inutes. As soon as the anim al was at rest, the 
generator was m anually switched on by m eans of an interrupter. D uring a period of 
approxim ately ten seconds a pulsed direct current electric field was generated in  the 
tank betw een the tw o conductors. After ten seconds the in terrupter was m anually 
sw itched off again. During the experim ent pulse characteristics were closely m oni­
tored. The am plitude betw een the electrodes was fixed at 60 volt. Pulses were gener­
ated at a frequency of 5Hz. The low  frequency direct current pulses had  an almost 
square pulse shape and a duration of 0.5 milliseconds. A total of 21 plaices, 22 soles, 
21 dragonets, 21 pogges, 14 arm ed bullheads, 8 fivebeard rocklings and 20 Atlantic 
codfish were exposed to electric pulses according to the procedure m entioned above. 
In each species control animals were included. In total, they consisted of 20 plaices, 22 
soles, 19 dragonets, 19 pogges, 15 arm ed bullheads, 6 fivebeard rocklings and 20 At­
lantic codfish. All control animals were treated similarly, except for the exposure to 
the electric field.

Observation

During and 30 m inutes after the exposure to the electric field, reactions such as 
movement, flight response, deviant behaviour and m ortality were reported. In almost 
all fish, m inor reactions were observed during the 10 seconds of exposure to electric
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pulses. Im m ediately thereafter, they returned to their norm al position. Abnormal 
behaviour was not observed in  control animals.

Plaice

During the settling period, plaice dug into the sand until only the head was partly 
visible. As soon as the animal was exposed to the pulses, the fish body gently vi­
brated to the frequency of the pulses w ithout leaving its buried  position. This lasted 
for full 10s, and after the generator was sw itched off, the animal rem ained w here it 
was

Sole

Sole show ed com parable reactions to plaice. In about one quarter of the cases, how ­
ever, the fish rose from  its buried  position and started swim m ing actively in  random  
directions. After the generator was sw itched off, the animals returned to the bottom  
were dug into the sand.

Dragonet

While resting, dragonets were partly dug into the sand. After the pulses started, they 
show ed strong irregular m uscular contractions and m oved over very short distances. 
They stayed, however, close to the bottom.

Pogge

M ost pogges lay on the bottom  before the pulses started. Some of the fish, however, 
kept on swim m ing around in  the tank. W hen the pulses started, the fish lying on the 
bottom  started moving around slowly w ith  their bodies vibrating at the frequency of 
the pulses. The fish higher in  the w ater colum n im m ediately re turned  to the bottom.

Arm ed bullhead

At rest, the arm ed bullheads lay on top of the sandy bottom. U nder the influence of 
the pulses, the fish show ed slight vibrations, bu t d id  not move their position.

Fivebeard rockling

Before the pulses started, the fivebeard rocklings rested on the bottom  or swam  
slowly over the sand. D uring the electric stimulation, they agitatedly sw am  close to 
the bottom. After the pulses were switched off, these fish soon resum ed the behav­
iour they show ed before stimulation.

Atlantic codfish

During the settling period, Atlantic codfish stayed relatively motionless in  the m iddle 
of the exposure tank. As soon as the electric field was switched on, they started 
swim m ing agitatedly in random  directions, hereby regularly bum ping against the 
walls of the tank. D uring the full 10s of exposure, the fish body show ed small jerks to 
the frequency of the pulses. After the pulses were sw itched off, these fish soon re­
sum ed the behaviour they show ed before stimulation.

Necropsy and histology

Im m ediately after euthanasia, all animals were exam ined for gross lesions. Special 
attention was given to haem orrhages, discolouration and injury of skin, abdom inal 
organs, muscles and vertebrae. Samples from  gills, liver, spleen, kidney and dorsal 
muscle were im m ediately im m ersed in phosphate buffered formalin (10%) and proc­
essed for paraffin sectioning according to standard  techniques. For histological ex­
amination, 5 pm  sections were stained w ith  haem atoxylin and eosin.
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In general gross and histological abnormalities were rarely present in both the group 
of exposed fish and the control group. In one control and tw o electrical exposed 
plaices, small multifocal cutaneous haem orrhages w ere observed. In the rem aining 
animals, macroscopic and histological abnormalities suggestive for electrocution 
were not found, except for one small focal interstitial haem orrhage in  the muscle 
tissue of a sole.

Conclusion

At least under experim ental conditions, the HOVERCRAN electric pulse for catching 
brow n shrim p could be prom ising since this has low  im pact on fish. The presentation 
featured:

5 .3 .3  Discussion on HOVERCRAN presen ta t ion

Bycatch of sole and others species is im portant. Do we then need different rules for 
shrim p or distinguish species groups in the regulation? This seems to be the case.

Verschueren em phasized that in the shrim p traw ling system  the only variable is 
pulse am plitude, all the others are fixed, such as pulse frequency at 4.5 Hz. Also it 
was found that there is no point in  aiming for higher output, as the best catch results 
were found at 80% ou tpu t (30 V/m), and beyond that the catch efficiency drops.

By catch was not yet studied in  the TX-25 trials. The footrope has been raised by 15 cm 
off ground. This w ould  result in lower by catch bu t also fewer shrimps. It was not yet 
tried out to raise the anodes and leave the cathodes on the bottom  to enhance the 
jum ping effect. In addition this w ould  lead to higher corrosion if the polarity is not 
alternated.

The ou tpu t of a 2-D m odel of field strength was shown, program m ed by Lieven 
Geeraert of Marelec.

The HOVERCRAN m ight be a good alternative for the bobbin groundrope. The 
square net has been tried  for tw o weeks now, w ith a length of electrodes of 3 m  to the 
footrope. It appeared that m ore rubbish is caught in  this net, possible stirred up  in  the 
w ake of the traw l shoes.

The electrodes are m ade of stainless steel w ire w ith one strand replaced by copper.

There is com m unication betw een DELMECO and M arelec about a com bined flatfish 
shrim p pulse traw l (Verschueren). This m ay affect the ideas of creating species- 
spedfic regulations (van Marlen).
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6 ToR b) To review studies on the relationship of pulse characteristics 
(power, vo ltage , pulse shape) and thresholds in terms of effects on 
fish and other organism s (mortality, injury, behavioural changes)

Part of this ToR is dealt w ith in  ToR a), and m any details are given in  Section 4.

The m ain characteristics of pulse stim ulation are:

• A m plitude in V
• Electric field strength in V/m
• Pulse frequency in Hz
• Pulse duration in  ps
• Pulse form
• M ethod: continuous, interm ittant
• The configuration of the electrode (diameter, length, isolator/conductor m ount­

ing etc.)

O ther variables are:

• Species
• Length in  cm
• W ater tem perature
• Conductivity of organism
• Seawater conductivity
• Position of organism  in electric field
• Sediment characteristics and conductivity
• Towing speed

There are three m ain tasks w hich require a better understanding of the mechanisms 
behind the effect of electric fields on m arine organisms:

a. O ptim ization of the efficiency of the capture process
b. Ecosystem concerns

o Effects on target and non-target species which m ay encounter the 
gears.

c. Regulation and control of pulse traw ling systems (partly based on findings 
from  ToR b)

o To identify those param eters, which can be easily specified and con­
trolled, e.g.

■ To avoid negative impacts on the m arine environm ent
■ To avoid developm ents as in China w here shrim p stocks 

were overfished due to unrestricted technical developm ents 
and fisheries were consequently closed involving thousands 
of fishers.

A D utch W orking G roup on Control and Enforcement of e-fishing systems has re­
cently been established w ith  m em bership for the fishing industry, pulse traw l pro­
ducers, scientists (IMARES and ILVO), and policy-makers from  the M inistry (van 
Marlen).

Goals:

• to identify variables, that can be used in  control and enforcement

• to define thresholds and set limits of relevant param eters

• to create a policy fram ework for control and enforcement
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Discussion

Potential Parameters to be regulated:

This issue was intensively discussed during SGELECTRA. The m em bers of SGELEC­
TRA were not successful to identify (or better: d id  not agreed on) relevant param eters 
and a simple scheme to regulate and control the deploym ent of electric fishing gear in 
the m arine environm ent. Several opinions were discussed:

Such a fram ew ork should be fraud resistant, by choosing a buffer for discharging 
electrical energy physical limits can be set (de Haan). Verschueren argued, that also 
(e.g.) the change of the frequency can result in a different effect w ith  the same energy 
output (Verschueren). OK, bu t am plitude should also be lim ited (de Haan).

Current documentation of deployment of e-gears:

The discussion then focused on how  registration of perform ance of electrical systems 
is taken care of now.

Stepputtis recollected EU Reg. 43/2009 (Annex 3, Paragraph 3) w hich reads as fol­
lows: "The vessel shall be equipped with an automatic computer management system which 
records the maximum power used per beam and the effective voltage between electrodes for at 
least the last 100 tows. It shall be not possible for non-authorized person to modify this auto­
matic computer management system

This requirem ent was checked for the current pulse traw l systems:

• HOVERCRAN: no recording of param eters is applied.

• DELMECO: there is a recording system available, bu t also open for unau­
thorized persons.

De H aan proposes a physical lim itation of the system. Buffering energy in a capacitor 
limits the m axim um  pow er applied to the system. W hen trying to exceed this m axi­
m um  power, the capacitor will be overloaded and blow n up.

Verschueren argum ented against this simple approach. The experim ents by De H aan 
have shown, that even if the pow er output is constant, other variables can signifi­
cantly change the effect on organism s (e.g. a pulse frequency increase reduced spinal 
injuries of cod significantly). There are m any possible electric fields possible, even if 
the same energy is pu t into a system. Some m ay cause injuries, while others do not. 
Can we as group accept that E-fishery has an adverse effect? Is it acceptable, that 50% 
of large cod die due to spinal damage?

Stepputis claimed that every hum an activity has side effects; the question is to define 
a lim it which is acceptable. It is not clear w hat the percentage is of large cod in a full- 
scale traw l that come so close to the electrodes, that it has a chance of e.g. 50% to die

Van M arlen m entioned that the ou tpu t of the m odel developed in  FISH/2007/07 LOT3 
(Flatnose) has shown, that both the landings and discards of cod m ay be reduced by 
replacing the relevant beam  traw l m étiers of the fleet w ith pulse traw l systems, so the 
overall effect on cod m ay be nevertheless positive (Polet et ah, 2010).

Stepputtis replied that it is not the goal to have a system, w hich is a little bit less 
worse than the w orst traditional beam  traw l system.

De H aan m entioned that it should be noted that full-scale fishing experim ents have 
never been conducted in  the m ost relevant season (from December to February the 
next year), in  w hich cod by catches are highest (and thus effects on cod discards could
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be show n w ith higher accuracy). Therefore this group: recom m ends doing experi­
ments in  this season.

Furtherm ore it is deem ed of im portance to come up  w ith  a recom m endation on set­
ting and controlling the limits. A problem  is that little is know n about the effect of 
param eters on different species and m any factors are influencing effects.

Verschueren asked w hether it is possible for the industry  to come up  w ith a range of 
optim al param eters for the target species. Then the limits could be tested and set in 
accordance. This could lead in a certification scheme for new  gears. This w ould  be no 
problem  for the HOVERCRAN, for w hich only the m axim um  pow er applied can be 
varied (usually set to 80%). But this m ay alter, if for instance the lengths of the elec­
trodes are changed.

Another variable to be prescribed should be the diam eter of conductors. The problem  
is that it is difficult to define the lim its/rules now, since there are systems out in use, 
which have to be covered w ithin such regulation. On the other hand  it should be easy 
to control (Copland).

The experience in  limiting the engine pow er of fishing vessels taught m e that regula­
tions should be m ade as simple as possible (de Haan).

Summary of findings:

• Based on the current know ledge it is difficult to identify commonly used / 
general limits, especially since several target species are involved, and 
therefore species-specific regulations can perhaps not be avoided.

• The aim  could be to m ake simple regulation (with only a few param eters 
to be defined and to be fixed, perhaps physically). By doing so we can - fol­
low  the European trend  of moving aw ay from  m icrom anagem ent and ever 
growing complexity in rules tow ards shifting m ore responsibility to the 
industry sometimes referred to as the reversal of the burden  of proof.

• On the other hand  this will be difficult to establish for all system s/target 
species together, since param eters differ significantly, w hich m ight m ean 
that separate settings/lim its for different target groups are needed.

• A possible way could also be to set up  a certification scheme for systems, 
where producers have to proof they stay w ithin limits defined.

• In the N etherlands a national W orking G roup on Control and Enforcement 
has been established to find a solution. SGELECTRA will observe and 
(partly) contribute to this WG and com m ent on its outcom e in the near fu­
ture.

• Setting a physical lim it to system  com ponents such discharge capacitors 
w ould  be a way to avoid very complex regulations, and it also w ould  be 
easily controllable.
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7 ToR c) To improve know ledge of the effects of Electrical Fishing on 
the marine environment (reduction of bycatch, impact on bottom  
habitat, impact on marine fauna, energy saving and climate related  
issues)

A list of ongoing and p lanned activities was made. As one of the m ain aims of SGE­
LECTRA is the coordination of activities (planning and analysis) in the field of e- 
fisheiy, the results of these activities will be review ed at the next meeting. This joint 
analysis will be basis for future w ork and advice on request.

These activities are:

• A com parative D utch fishing experim ent w ith  tw o pulse traw l vessels and 
one conventional beam  traw ler w orking at close range in May 2011.

• Full-scale tests using the HOVERCRAN on tw o D utch commercial shrim p 
trawlers.

• Full-scale tests using the HOVERCRAN on one -Germ an commercial shrim p 
traw ler (depends on funding).

• A dditional w ork to Dick de H aan 's experim ents (e.g. full-scale m easurem ents 
of pulse characteristics on-board to link/com pare them  to tank experiments).
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8 ToR d) To eva luate  the effect of a w ide introduction of electric fish­
ing, with respect to the econom ic impact, the  ecosystem  impact, the  
energy consumption and the population dynamics of se lected  s p e ­
cies

Van M arlen explained the w ork done in  EU-project FISH2007-7-LOT3"Flatnose"

(See also docum ent "Tender F1SH2007-7-LOT3 Draft finrep Scenario 2 SecDbis.doc" 
on the sharepoint).Full details are given in Annex 10. The spatially explicit model 
given in  (Piet et al., 2009) was used to combine abundance data for all the m ain fish 
species in the dem ersal N orth  Sea fish com m unity w ith  international effort data and 
estimates of gear-, species-, and size-dependent catch efficiency to determ ine the 
m ortality of non-target fish species caused by bottom  traw l fisheries and its spatial 
variation. Fishing effort data were collected from  the STECF database. The standard  
unit to express effort in this project was "kW days". A n alternative unit was "days at 
sea".

A total of 73 m étiers in dem ersal fisheries in  the N orth  Sea were used based on vessel 
type and length class, gear type, and m esh size range and grouped  in (Annex 9:Table 
6 ):

• three vessel length classes: <24m; 24—40m; >40m

• eight fishing gear groups: GNS, GTR, OTB, OTT, OTX, PTB, SDN, TBB

four m esh size groups: 80mm; 90mm; 100mm; 120mmln scenario 2a the m étiers 
Beamhp3 (vessel size >40m, m esh size range 80-90 mm) were replaced by pulse 
traw ls based on the catch efficiencies on plaice, sole and roundfish found in  2006. In 
scenario 2b Beamhp2 (vessel size 24—40m, m esh size range 80-90 mm) the m étiers 
were added  (Annex 9: Table 10, Table 11, Table 12).

A new  scenario was ru n  (scenario 2c) w ith pulse traw ling replacing standard  beam  
traw ling in the 24—40m (Beamhp2) and >40m (Beamhp3) m étiers of 80-90 m m  m esh 
size. N ew  gear efficiencies were given based on anecdotal inform ation and proxis. 
The result is show n in Annex 9: Table 13 and seems to indicate that cod landings and 
discards will be reduced by introducing pulse traw ling in  the beam  traw l fleet. It was 
suggested to look closer into the m odel and com m ent on how  realistic the outcome 
m ay be, w hen the results of the catch com parison to be conducted in  May 2011 be­
come available.

There was also w ork done on pulse traw ling in  EU-project DEGREE for pulse traw l­
ing on flatfish. It was recom m ended to update the findings based on results from  
new  full-scale tests.

First estimates on a w ide range introduction of the HOVERCRAN based on the re­
sults of coming full-scale tests are to be discussed in SGELECTRA in 2012.

Conclusion

Further w ork on this TOR is needed.
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9 ToR e) To consider w hether limits can be set on th ese  characteristics 
to avoid unwanted effects (e.g. unwanted and uncontrolled growth 
on catch efficiency, unwanted ecosystem  effects) on ce  such systems  
are allowed and used at wider sca le

Pulse traw ling is allowed on a yearly basis for a part of the (Dutch) cutter fleet under 
derogation from  the EU, and tw o limiting variables were defined to avoid an uncon­
trollable increase in  fishing efficiency. These are: electrical pow er lim ited to 2.5 kW/rn 
beam  length, and the m axim um  effective voltage betw een electrodes lim ited to 15 V. 
It was recognized that these tw o will not be sufficient to ensure that fishing efficiency 
or negative im pact w ith pulse traw ls will not increase in future through technical 
adaptations of the systems. Recently, in  the N etherlands a w orking group has been 
established dealing w ith  issues of Control and Enforcement, w ith  participation from 
the D utch Fisherm en's Organization, the new ly form ed M inistry of Economics, Agri­
culture and Innovation (EL&I), IMARES, ILVO, and the pulse traw l producers.

In a short national project the following questions raised by EL&I were addressed:

1. Which pulse characteristics affect catch efficiency and w hat are effects on the
ecosystem?

2. W hat are the specifications used for these pulse characteristics?
3. Has there been any fundam ental research on these characteristics in  relation

to effects?
4. Are there any gaps in  knowledge?
5. If so, w hat can be the implications?
6. W hat research is needed to fill these gaps?

Relevant characteristics of pulse stimuli were identified from  a literature review  (Ta­
ble 5: Overview  of pulse characteristics in  electrofishing studies in Annex 7), and 
recom m endations for further studies made. O ur discussions can feed into this proc­
ess.

Conclusions

• Further w ork on this TOR is needed.
• SGELECTRA to keep a watching brief on the outcom e of this w orking group, and 

w here appropriate (Dutch and Belgian inputs) participate in it.
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10 Sea  trials/ fu ll-scale  experiments

It was suggested to m ake up  a com m on design and protocols for full-scale experi­
m ents w ith contents as suggested below  (Stepputtis). This should come in addition to 
various standards already defined, such as the "discard protocol" of IMARES (van 
Marlen).

Points should be harm onized:

1. Design of the experim ent
o Equipm ent of vessel:

■ One vessel fishing w ith  tw o gear types (standard beam  traw l 
vs. pulse or e-beam trawl)

• Used in HOVERCRAN-studies and Verburg-studies 
on FRV "Tridens" in  the past.

• Problem: Pulse and conventional gears need differ­
ent optim al vessel speed.

■ Each vessel using only one type of gear
• Used in NL during tests in 2005-2006
• Used in NL during tests in May 2011
• Problem: other confounding factors introduced, 

com parison of data lim ited
2. Com pensation of fishers
3. Recording of gear data

o Especially relevant to pulse characteristics (see discussion in chapter 
XXX).

4. Recording of catch data
o W hat is the level of data needed for the evaluation of effects of e- 

fisheiy

During SGELECTRA 2011, due to time restrictions, this topic was not discussed in 
detailed. More inpu t is needed to complete this.
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11 Conclusions and recom m endations

Recom m endation on further W ork/Experiments/Analysis

Recommendations were m ade on topics not sufficiently covered so far that have to be 
addressed. But it should be noted that additional funding is necessary.

Further w ork

• A dditional effect studies
o Larger studies on effects of pulses

■ Identify the param eters, which drive significant damages 
(such as spinal dam ages in cod)

■ Needed: experim ent settings w here only one param eter is 
changed at a time

o Including other species: elasm obranch (electroreceptor organs) and 
benthos (reproduction)

o Effect of w ider introduction of pulse traw ling on target and non­
targets species

■ Further studies using the m odel of Piet et al., 2009 w ith u p ­
dated gear efficiencies.

o Effect on different life stages (e.g. eggs and larvae) of im portant spe­
cies (e.g. sole)

o Effects of low  frequency in the range of shrim p stim ulation and long 
pulse duration  on species, w hich are not, targeted in shrim p fisheries 
(sole, plaice, cod).

■ Evaluate the effects on such species
■ Could these pulses be used to increase catchability also for 

these species?
• M ore full-scale tests, not only in the N etherlands

o Conduct in situ m easurem ents on the field strength of the tw o exist­
ing D utch pulse traw ling systems as a reference to the experim ents of 
2010 on cod in  Norway.

o Review the results of the com parative fishing experim ents in the 
N etherlands in May 2011.

o Study the effects of pulses identified as less harm ful (high fre­
quency/lower voltage) in  flatfish systems on target species, e.g. sole.

o For the HOVERCRAN system: continue m onitoring catches and by-
catches.

• Control and Enforcement
o Continue involvem ent in the D utch W orking G roup on Control and

Enforcement by relevant participants w ith  feedback to SGELECTRA.

11.1 SGELECTRA recom mend  to produce  a Coopera t ive  Research Report (CRR) 
on the  "Use of Electricity in Marine Fishing"

11.1.1 Potential  authors:

• M embers of SGELECTRA
• O ther scientists

o e.g. China (which could have repercussions on the status of an ICES
CRR)

o countries of form er USSR (especially Lithuania)
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• Physiologists

1 1.1.2 Suggested  conten ts  (see also ToR's of SGELECTRA):

• Electricity in general
• Physiological aspects of electricity (effect on tissues, nerves, etc.)
• Principles of m arine electrical fishing;
• Effects of electrical fishing on m arine organism s and habitats;
• Review of w ork done

o Authors should also include know ledge from  the research published 
in Russian and Chinese language

• C urrent systems and gears
o Technology 
o Stimuli
o N ew  developm ents

• H ealth and safety implications of electrical fishing operations
• Economic prospects of E-fishery
• Fuel saving potential

Future research requirem ents to assess the effects of electrical fishing on the m a­
rine environm ent

• Control and Enforcement issues
• Conclusions and recom m endations
• List of references

11 .1 .3  Suggested  working m ethods

• W rite by correspondence
• Review and SG-meetings

11.2 Further Meet ings

SGELECTRA recom m end a second m eeting in  2012:

• Timing: 2 days in spring 2012 (to be decided by correspondence (e.g. 
doodle)).

• Place: the N etherland (e.g. Texel) in  com bination w ith  possible excursion 
to different E-systems installed on commercial vessels and producing 
companies, or in  conjunction w ith  WGFTFB pending finances and practi­
cality.

• M ore expertise is highly appreciated (especially including supplem entary 
expertise in  physiology and ecology).

• ToR's and supporting inform ation to be drafted and agreed by correspon­
dence.
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Annex 2: Terms of Reference for the 2011 m eeting

2010/2/SSGESST09 The Study G roup on Electrical Trawling (SGELECTRA),
chaired by Bob van Marlen"', the N etherlands and Bart Verschueren*, Belgium, will
be established and will m eet in  Reykjavik, Iceland, 7-8 May 2011 to:

a) To review  current technical developm ents on electrical fishing (with the main 
focus on m arine fisheries).

b) To review  studies on the relationship of pulse characteristics (power, voltage, 
pulse shape) and thresholds in term s of effects on fish and other organism s 
(mortality, injury, behavioural changes).

c) To im prove knowledge of the effects of Electrical Fishing on the m arine envi­
ronm ent (reduction of bycatch, im pact on bottom  habitat, im pact on m arine 
fauna, energy saving and climate related issues).

d) To evaluate the effect of a w ide introduction of electric fishing, w ith  respect to 
the economic impact, the ecosystem impact, the energy consum ption and the 
population dynam ics of selected species.

e) To consider w hether limits can be set on these characteristics to avoid u n ­
w anted effects (e.g. unw anted  and uncontrolled grow th on catch efficiency, u n ­
w anted ecosystem effects) once such systems are allow ed and used at w ider 
scale.

SGELECTRA will report by 30 June 2011 (via SSGESST) for the attention of the SCI-
COM.

Supporting Information

Priority The current activities of this Group will lead ICES into issues related to the
ecosystem effects of fisheries, especially w ith regard to the application of the 
Precautionary Approach. Consequently, these activities are considered to have a 
very high priority.

Scientific Term of Reference
justification The use 0f electricity in fishing is currently banned in EU regulations due to

concerns on the impact and efficiency. Several countries, however, notably the 
Netherlands and Belgium have been testing the potential for electrical pulse 
trawl systems to replace conventional beam trawls, which are classified as 
having high environmental impacts. Such systems are currently being tested 
under derogation on commercial vessels and the results of the Eiutch trials have 
been reviewed by ICES and STECF. A number of This involves substantial 
investments that are stimulated by the Eiutch Ministry LNV. In order to lift this 
ban and/or continue to work under derogation additional information on 
ecosystem effects of introducing this technique in the EU beam trawl fleets was 
requested by ICES and the EU's STECF in 2006. Since 2006 additional trials have 
been conducted to try to address the issues raised by ICES and STECF and the 
results to need be reviewed to assess whether the concerns raised have been 
satisfied. There is a lack of data on the response thresholds for various species 
and length classes, describing the power limits for survival and reproduction of 
fish. Pulse trawling is currently being developed for other species than flatfish 
i.e. brown shrimp (Crangon crangon L.). Consequently a growing number of 
(European) fishing vessels is potentially involved, w ith a considerable value in 
terms of landings. There is a need for clearer identification of workable and 
enforceable limits in defining regulation than the two (power per unit of length 
and maximum voltage) currently in use in the present EU-derogation for use of 
electrical fishing in The Netherlands, that will aid to a sustainable development
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of electric fishing. There is interest in fishing w ith electrical stimuli on other 
species, e.g. Atlantic razor clams (Ensis directus L.).

Resource The research programmes which provide the main input to this group are
requirements already underway, and resources are already committed. The additional 

resource required to undertake additional activities in the framework of this 
group is negligible.

Participants The Study Group will be attended by some 10-12 members and guests.

Secretariat
facilities

None.

Financial No financial implications.

Linkages to
advisory
committees

There are no obvious direct linkages w ith the advisory committees

Linkages to other This work is of direct relevance to the Working Group of Fishing Technology
committees or 
groups

and Fish Behaviour, WGCRAN, WGECO and WGNSSK.

Linkages to other 
organizations

There is a very close working relationship with all groups of SSGESST.
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Annex 3: Draft agenda

1 ) Welcome and housekeeping

2 ) A ppointm ent of a rapporteur

3 ) C urrent state of affairs in flat fish pulse trawling, ToR a)

4 ) Further studies on cod, ToR a), b), c)

5 ) H elpdesk question report for D utch M inistry, ToR a), b),

6 ) C urrent state of affairs in brow n shrim p pulse traw ling, TOR a)

7 ) Forecasting m ethods, e.g. LOT3 Flatnose, ToR d)

8 ) Recommendations for further research

9 ) Conclusions

10 ) Closure
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Annex 4: Recommendations

This section contains a sum m ary of recom m endations. Further w ork is pending fi­
nances.

Recom m endation For follow up  by:

1. Conduct in situ measurements on the field strength of the two 
existing Dutch pulse trawling systems as a reference to the 
experiments of 2010 on cod in Norway

IMARES

2. Review the results of the comparative fishing experiments in 
the Netherlands in May 2011.

SGELECTRA

3. Study the effects of with pulses identified as less harmful in 
flatfish systems on target species (e.g. sole)

IMARES

4. For the HOVERCRAN system continue monitoring catches 
and bycatches.

ILVO and IMARES

5. Investigate the effect of pulses on the electro-receptor organs of 
elasmobranchs, and determine the catch rates of these fish in 
beam trawls.

IMARES

6. Investigate the effect of the pulse on the reproductive capabil­
ities of benthos.

IMARES

7. Study the effects of low frequency in the range of shrimp 
stimulation and long pulse duration on species, that are not 
targeted in shrimp fisheries (sole, plaice, cod).

ILVO

8. Continue studying the effect of wider introduction of pulse 
trawling on target and non-targets species

IMARES

9. Study the effect on different life stages (e.g. eggs and larvae) of 
important species (e.g. sole)

unspecified

10. Continue involvement in the Dutch Working Group on 
Control and Enforcement by relevant participants w ith feedback 
to SGELECTRA

IMARES and ILVO

11. Produce a Cooperative Research Report on Marine Electric 
Fishing

SGELECTRA
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Annex 5: Terms of Reference for the 2 0 1 2  m eeting

The Study Group on Electrical Trawling (SGELECTRA), chaired by Bob van Marlen, 
the N etherlands and Bart Verschueren, Belgium, will m eet in Lorient, France, from  
21-22 April 2012 1 to:

a ) To im prove knowledge of the effects of Electrical Fishing on the m arine en­
vironm ent (reduction of by catch, im pact on bottom  habitat, im pact on m a­
rine fauna, energy saving and climate related issues), in view of current 
technical developm ents on electrical fishing and em phasis on the relation­
ship of pulse characteristics (power, voltage, pulse shape) and thresholds in 
term s of effects on fish and other organism s (mortality, injury, behavioural 
changes).

b ) To evaluate the effect of a w ide introduction of electric fishing, w ith  respect 
to the economic impact, the ecosystem impact, the energy consum ption and 
the population dynam ics of selected species.

c ) To consider w hether limits can be set on these characteristics to avoid un ­
w anted effects (e.g. unw anted  and uncontrolled grow th on catch efficiency, 
unw anted ecosystem effects) once such systems are allowed and used at 
w ider scale.

SGELECTRA will report by 30 June 2012 (via SSGESST) for the attention of the SCI- 
COM.

Supporting Information

Priority The current activities of this Group will lead ICES into issues related to the
ecosystem effects of fisheries, especially w ith regard to the application of the 
Precautionary Approach. Consequently, these activities are considered to have a 
very high priority.

Scientific Term of Reference
justification The use of electricity in fishing is currently banned in EU regulations due to

concerns on the impact and efficiency. Several countries, however, notably the 
Netherlands and Belgium have been testing the potential for electrical pulse 
trawl systems to replace conventional beam trawls, which are classified as 
having high environmental impacts. Such systems are currently being tested 
under derogation on commercial vessels and the results of the Dutch trials have 
been reviewed by ICES and STECF. A number of This involves substantial 
investments that are stimulated by the Dutch Ministry LNV. In order to lift this 
ban and/or continue to work under derogation additional information on 
ecosystem effects of introducing this technique in the EU beam trawl fleets was 
requested by ICES and the EU's STECF in 2006. Since 2006 additional trials have 
been conducted to try to address the issues raised by ICES and STECF and the 
results to need be reviewed to assess whether the concerns raised have been 
satisfied. There is a lack of data on the response thresholds for various species 
and length classes, describing the power limits for survival and reproduction of 
fish. Pulse trawling is currently being developed for other species than flatfish 
i.e. brown shrimp (Crangon crangon L.). Consequently a growing number of 
(European) fishing vessels is potentially involved, w ith a considerable value in 
terms of landings. There is a need for clearer identification of workable and 
enforceable limits in defining regulation than the two (power per unit of length

1 Pending dates of SCICOM meeting in 2012.
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and maximum voltage) currently in use in the present EU-derogation for use of 
electrical fishing in The Netherlands, that will aid to a sustainable development 
of electric fishing. There is interest in fishing w ith electrical stimuli on other 
species, e.g. Atlantic razor clams (Ensis directus L.).

Resource The research programmes which provide the main input to this group are
requirements already underway, and resources are already committed. The additional 

resource required to undertake additional activities in the framework of this 
group is negligible.

Participants The Study Group will be attended by some 10-12 members and guests.

Secretariat
facilities

None.

Financial No financial implications.

Linkages to
advisory
committees

There are no obvious direct linkages w ith the advisory committees

Linkages to other This work is of direct relevance to the Working Group of Fishing Technology
committees or 
groups

and Fish Behaviour, WGCRAN, WGECO and WGNSSK.

Linkages to other 
organizations

There is a very close working relationship with all groups of SSGESST.
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Annex 6: Literature review by Bob van Marlen

Introduction

A com prehensive literature search was done in EU-project ALTSTIM, which ran  from  
1995-1997(van M arlen et al., 1997). The following chapters copied from  the ALTSTIM- 
report give the major findings at the time.

The idea to use electricity in fishing is veiy old. De Groot (1974) m entioned a refer­
ence to Job Baster stating as early as 1765 that electricity m ight affect shrim ps, and 
that this should be investigated. Experiments w ith electricity on fish were conducted 
in the m iddle of the 19th. In the 1930s Holzer and Scheminsky investigated the effects 
of direct, alternate and interm ittent currents on fish and introduced quantitative 
analyses. M any scientists quote the w ork done by Mck. Bary (1956) w ho studied  the 
behaviour of round fish in electric fields, and found profound differences for fish in 
seawater, com pared to studies related to freshw ater species. M ore details of this w ork 
are provided  later.

Physiological studies done by D anyulite and M alyukina (1967) revealed that reac­
tions to electric fields could not be contributed to skin receptors or the fish brain. This 
was found by cutting the spinal cord which caused forced swim m ing reactions to 
stop. Locomotoiy activity and swim m ing are apparently  controlled by the spinal 
cord.

Holt (1992) describes developm ents in the United States on electrified shrim p trawls. 
It is interesting that a special design was m ade (so-called 'frame trawl') that could 
m ore easily be stored on the deck of fishing vessels by using hinges on the beam. The 
gear was of similar dim ensions (30' or 9.14m w idth) as its European counterparts. The 
beam  construction offered a m ore rigid platform  to install electrical equipm ent than  a 
flexible otter traw l m aintaining its geom etry by dynam ic equilibrium  w hen towed. 
Power supply was initially led through cables, later by placing batteries on the beam. 
Total energy requirem ent of the system  was as low  as 100W. Five electrodes ran per­
pendicular to the towing direction, covering a total distance of about 4.5m in towing 
direction. Shrimp catches for the electrical gear were recorded up  to twice of that of 
the standard  gear. Similar to the situation in  Europe this technology was not taken 
over by the fishing industry. Reasons were not given.

The w ork in  Europe was m ainly done in The N etherlands (RIVO-DLO, now  
IMARES), Belgium (RvZ, now  ILVO), the UK (SEAFISH), Germ any (BFAFI), and 
France (Ifremer) sometimes in com bination w ith  private companies. In m any cases 
ideas were copied and very similar problem s occurred. The technologies developed 
along similar lines, w ith  The N etherlands producing devices w ith  the highest energy 
input. Reading through the literature one can easily w onder w hy in  all these coun­
tries not any system  em erged that is used commercially. In m any cases the fishing 
industry expressed great interest in the developm ents, and cooperation w ith fishers 
took place on a w ide scale. Nevertheless, the large investm ents involved com bined 
w ith the vulnerability of any electro-fishing device ham pered its introduction. In 
retrospect one can state that the developm ent was m ainly driven by scientific w ork­
ers and m arketing attem pts were only m ade tow ards the end of the project. At the 
time it was questionable w hether such a com plicated device as an electrified fishing 
gear m ay w ork in  commercial conditions over a long period at all, and pay its in­
vestm ent back, but a present this is show n to be possible. The similarity of conditions 
found in all these countries was striking. The principle has been proven to work, the
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problem  consisted of m aking a cheap, robust version of a prototype, that could proof 
its feasibility and convince fishers of its usefulness and profitability, but apparently 
the state of technology then was not developed enough.

Research done in The Netherlands until 1988 as reported in the ALTSTIM report

The w ork done at RIVO in The N etherlands covered a long period from  1966 to 1988 
w ith various phases. The various design specifications for the electrical systems and 
results are given in  Table 6.1. Report TO 88-06 of RIVO explains the whole history of 
the project (van M arlen and de Haan, 1988). Three phases are distinguished as fol­
lows:

Phase A: The shrim p period from  1966 until 1979 

Phase B: The flatfish (sole) period from  1979 until 1985 

Phase C: Commercialization attem pts from  1985 until 1988

M ost of the w ork was not formally published, bu t given in  internal RIVO-reports 
w ritten in the D utch language. At the beginning some publications were m ade as 
ICES-papers or in fisheries science m agazines. In the commercialization phase most 
w ork was laid dow n in m em oranda and rem ained unpublished to protect commer­
cial interests.

The objective for the whole project is:

• to create better chances of survival of discards, to im prove the quality of 
the catch and the selectivity of the gear, and to reduce the fuel consum p­
tion.

It is interesting that the objectives changed throughout the project. The energy con­
sum ption issue was not regarded as high priority from  1986, and for a long time
m ore em phasis is laid on the environm ental aspects, bu t recently w ith  the sharp in­
crease in  fuel prices energy saving re turned  as an im portant driver.

Phase A: The shrim p period from  1966 until 1979

De Groot and Boonstra started  to study literature about electric stim ulation around 
1966. In shrim p traw ling the m ajor aims was to increase the efficiency of the gear and 
to reduce discards of juvenile fish. In flatfish traw ling the m ajor objective became to 
replace the array of tickler chains by a lighter stim ulator thus reducing the drag of the 
gear w hen tow ed over the seabed and consequently its fuel consum ption. The energy 
crises of 1973 and 1979 resulted in em phasizing this aspect. Interesting is to note that 
the im pact of relatively heavy groundgear as used in beam  traw ling on Benthic or­
ganisms was already m entioned as a point of concern and w ith it the possible advan­
tages of the electrified beam  trawl.

In the early phase of the project the developm ent hinges on tw o separate lines of re­
search, one on shrim ps and one on sole. Until 1969 behaviour experim ents were car­
ried out in aquaria at RIVO and oyster basins both on shrim ps and sole subjected to 
electric fields. The potential for using this kind of stim ulus for catching the animals 
was clearly identified, leading to an increase in  effort in  the developm ent of a com­
mercially applicable system. From these basin trials the following specifications 
arose: optim um  pulsew idth  for shrim ps 0.2 ms, and for sole 0.7ms. The generator was 
placed on board w ith cables running to the electrodes in the gear, a construction lead­
ing to a significant loss in  voltage betw een the electrodes.
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In 1971 a second pulse generator was developed. It was m ounted directly on  the 
beam  of the traw l and used an internal pow er unit, but apparently its specifications 
in am plitude (<10V) were too low. Field tests were carried out in 1972 w ith the first 
pulse unit on 3m beam  trawls. Results were discouraging and led to new  specifica­
tions defined for a follow-up pulse unit, that was built in 1973 and used in  field trials 
in 1973 and 1974 on traw ls w ith 9m beams on vessel TH-6 at speeds of 3 to 3.5 kn. 
Reports describe an im provem ent in  catches of shrim ps ranging from  8 to 35%, but 
also malfunctioning of the equipm ent in 20% of the time. A gain a new  pulse genera­
tor was built w ith higher am plitude (65V). In 1975 this machine was tested on vessel 
WR-87. It show ed m any malfunctions. Research on electrified shrim p traw ling 
stopped in  1976 after a series of experim ents on vessel WR-17 w hich led to a shrim p 
catch ratio of 1 to 1.

From then on priority  was given to flatfish (sole and plaice). On the WR-87 trials 
were conducted on a 9m beam  trawl. The catch ratio for both species was about 1 to 
1, and no difference was reported  on the length distribution of fish caught. Similar 
experim ents were done in  1977 on WR-17 w ith some modifications on the equipm ent. 
Catches were almost equal and the scientists reported  a higher selectivity for the elec­
trified beam  trawl. Further trials were conducted in 1978 on the GO-4 in  the southern 
N orth Sea. The equipm ent d id  not function satisfactory and the catch results w ere not 
sufficient.

6.2.3 Phase B: The flatfish (solei period from  1979 until 1985

In this period m ore m anpow er was allocated to this project w ith the im portant d is­
tinction that electric equipm ent was designed and built by RIVO-staff and not by 
outside companies (Figures 6-9). Three generations of pulse generators were devel­
oped over the period, one in 1979, one in 1982 and one in  1984. The m ain principle 
d id  not change, the pulses were generated by capacitor discharge. Field trials were 
conducted on the UK-141. A n underw ater camera was also used in attem pts to ob­
serve fish reactions. Variables under investigation were: frequency, voltage on elec­
trodes and length of electrodes. It appeared that the catches on the electrified side 
increased w ith  rising frequency and voltage. Ratios of over 1.0 could be obtained. No 
difference was found as a result of changes in electrode length, nor betw een various 
gear designs. Extensive trials were also done in 1981 on the UK-141. Four different 
electrode arrangem ents were studied w ith best results w ith 4m  electrodes (central 
position). Differences in  catchability were found betw een day and night w ith higher 
effectiveness at night. Experiments on electrical fish barriers resulted in  the idea to 
decrease the pulsew idth. The am plitude of the pulse generator was again increased 
in a new  design, now  to 1000V. This design featured also: higher voltage of the pow er 
supply generator, safety circuits for current and voltage, sequential discharge of pairs 
of electrodes by an electronic ring counter, discharge through thrusters. Trials were 
continued in 1982 on MFV UK-141, w ith better catches at night (+50%) for the electri­
fied net, but low er during the day (-10%). Claims w ere given of a higher selectivity 
for the electrified gear. Especially small soles d id  not appear in  the catches. The elec­
trodes show ed a large degree of corrosion, and the pulse unit was not reliable at high 
capacitor voltages. Catches increased w ith higher voltages, bu t the m axim um  ap­
peared not be have been achieved w ith  this machine. A new  design followed w ith a 
m axim um  capacitor voltage of 2000V. A large w atertight container to carry these 
capacitors was incorporated into the beam  of the traw l. Better designs were m ade for 
electronic circuitry, and in addition a new  design of gear was m ade which enabled 
fitting electrodes of equal length. Extended sea trials were carried out in  1984 first on 
RV "Isis", later on the UK-141. A new  gear design appeared to be successful +45%
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m ore sole during the day and +65% m ore sole during the night. The optim um  voltage 
w ith this net was around 700V, at 20Hz frequency. Sole catches w ith the electric gear 
were relatively higher at lower tow ing speed. All leading scientists were brought 
together in  a one day sem inar held at RIVO in IJm uiden in January 1985 (van Marlen, 
1985). It was an excellent opportunity  to com pare the various technical solutions 
found over the years and to exchange ideas and experience. As m ost w orkers had 
developed prototypes according to different design philosophies it was not techni­
cally possible to m erge all these designs into one generally applicable system. Further 
research was done into the effect of towing speed in  the course of 1985 and was re­
ported  by Kraaijenoord. Lower speeds produced a higher percentage of sole in the 
catches of the electrified trawl. Size selectivity was not im proved by the electric 
stimulus. Com parative fishing trials in the end of 1985 on RV "Isis" w ith  the RIVO 
system  and one developed by BFA-Fi in  H am burg, Germ any show ed the RIVO sys­
tem  catching m ore sole, bu t also breaking dow n m ore often.

6.2.4 Phase C: Commercialization attem pts from  1986 until 1988

This phase is characterized by attem pts to create a commercially applicable system. A 
thorough analysis of reasons of failure of RIVO's system  was carried out and design 
im provem ents given. A com parison was also m ade betw een RIVO's system  and one 
based on a Rhum korff solenoid principle (System "Van der Vis") after a request from  
the D utch Fisherm en Federation resulting in higher catches of sole and plaice for 
RIVO's system. Additional software engineering and  perform ance m easurem ents 
were carried out in  1987 to im prove the design of RIVO's system  and enhance its 
reliability. A private electronic com pany developed a system  based on the knowledge 
built up  at RIVO w hich was transferred. Extensive collaboration em erged between 
RIVO and this com pany in order to commercialize the system. The com pany devel­
oped a prototype w ith  tw o capacitor containers that were m ounted on the shoes of 
the beam  trawl. The pow er unit also differed from  RIVO's system  w ith a three phase 
current. The design was based on requirem ents concerning robustness and quick 
interchange of components. Tests of the commercial prototype were done on the 
beam er GO-65 at the end of 1987 resulting in  higher sole and lower plaice catches 
than the conventional beam  trawl. N o im provem ent in size selectivity was found. 
Further research was advocated bu t the project stopped w ith  a ban on electric fishing 
by the D utch M inistry of A griculture and Fisheries out of fear of further increasing 
fishing effort in  the beam  traw ling fleet w hich was under severe international criti­
cism at the time. Curiously the research in other nations stopped around the same 
time, partly for unknow n reasons, in other cases due to untim ely death of scientific 
workers involved. Recently new  developm ent w ork was done by a private company 
in The N etherlands w ithout any cooperation w ith RIVO. The current status of this 
w ork is currently unknown.

Research done in The Netherlands after 1988

IMARES, part of W ageningen UR (former RIVO) became again involved in  an exist­
ing trilateral cooperation betw een a private com pany (Verburg-Holland Ltd.), the 
D utch Fisherm en's Federation and the M inistry of Agriculture, N ature and Food 
Quality in 1998. A series of trials were conducted on-board FRV "Tridens" on a 7 m  
prototype electrified beam  trawl, called 'pulse' trawl, resulting in sole (Solea vulgaris 
L.) catches m atching those of conventional tickler chain beam  trawls, plaice catches 
being reduced by about 50%, and benthos catches reduced by 40%. These prom ising 
results led to follow-up experim ents in  1999 w ith a m odified gear. The first objective 
was to im prove the catches of plaice, appraise the effect of tow ing speed, com pare the
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w arp loads of both gears, and appraise the effect of the electrical stim ulation on 
short-term  fish survival. The second objective was to further im prove the catching 
perform ance of the net attached to the beam  of the pulse trawl, and to collect more 
data on short-term  survival, also of benthic animals (Van Marlen, et a l, 1999; Van 
M arlen, et a l, 2000; Van Marlen, et a l, 2001a, 2001b).

A study on differences betw een a conventional 7 m  tickler chain gear and the 7 m  
prototype electrical gear in direct m ortality of invertebrates living on and in  the sea­
bed was conducted in June 2000 on-board FRV "Tridens" and RV "Zirfaea". Benthos 
sam ples were taken from  the Oyster grounds prior to fishing, and from  traw l tracks 
caused by the tw o gear types. The direct m ortality calculated from  densities in these 
sam ples was lower for an assembly of 15 taxa for the pulse trawl, indicating the po­
tential of electrical fishing to reduce effects on benthic communities (Van Marlen, et 
a l, 2001).

After these experim ents it was decided to develop a prototype for 12 m  beam  length, 
being the m ost com m on value in the D utch fleet. Technical trials w ith  the new  pro to­
type were carried out in November-Decem ber 2001 on-board FRV "Tridens", and 
continued in  2002 and 2003, resulting in  catch rates for sole and plaice equalling those 
of conventional 12 m  gear.

Recently the bycatch and discarding of undersized fish, particularly plaice (Pleuronec­
tes platessa L.) gained attention. Com parative studies w ere undertaken in  2005 on FRV 
"Tridens" on the differences in  catches and on differences in survival of undersized 
sole and plaice betw een a 12 m  pulse beam  traw l and a conventional 12 m  tickler 
chain beam  traw l (Van M arlen et a l, 2005a, b). A higher survival rate for plaice, but 
not for sole, was found for the pulse trawl, while the level of blood param eters (glu­
cose, free fatty adds, cortisol, and lactate) and the changes over time in blood samples 
taken from  both spedes show ed no significant differences betw een both stim ulation 
techniques.

In autum n 2004 it was concluded that the 12 m  prototype was technically ready for a 
series of long-term  trials on a commercial fishing vessel. The M otor Fishing Vessel 
(MFV) UK153 "Lub Senior" was outfitted w ith  a complete system  of tw o pulse traw ls 
and cable winches. A series of experim ents was carried out on the UK 153 in  the pe­
riod betw een October 2005 and M arch 2006 and com pared to the perform ance of 
similar beam  traw lers fishing w ith the conventional gear type in  the same period, and 
on the same fishing grounds in the N orth  Sea, on the D utch continental shelf. The 
MFV UK153 was outfitted w ith a complete system  of tw o pulse traw ls and winches 
w ith  feeding cables. N ine trips in  total were undertaken. Five trips were used to 
m ake ad u a l comparisons w ith a second vessel (Van M arlen et a l, 2006). The m ain 
findings were that landings of plaice and sole were significantly lower, but there was 
no significant difference in the catch rates of undersized (discard) plaice betw een the 
pulse traw l and the conventional trawl. In the pulse trawl, the catch rates of u n d er­
sized (discard) sole were significantly low er than in the conventional beam  trawl. The 
catch rates of benthic fauna (nrs/hr of Astropecten irregularis, Asterias rubens, and Lio­
carcinus holsatus) were significantly lower in  the pulse trawl. Also, as found before, 
there were indications that undersized plaice is dam aged to a lesser degree and have 
better survival chances in the pulse trawl.

ICES Advice 2006

In M arch 2006, the European Com mission issued a request to ICES to evaluate the 
use of a "pulse-traw l" electrical fishing gear to target plaice and sole in  beam  traw l



ICES SGELECTRA REPORT 2 0 1 1

fisheries. ICES was requested to give advice on the ecosystem effects of a potential 
im plem entation of pulse beam  trawling.

An A d Hoc Expert G roup on Electric Fishing was form ed and this group m ade a 
report that was discussed by m em bers of the group, and in  a plenary session at the 
m eeting of the ICES W orking G roup on Fishing Technology and Fish Behaviour 
(WGFTFB) in Izmir, Turkey in  April 2006. This report and the additional data analy­
ses undertaken after the WGFTFB m eeting were the basis of the ICES advice that 
ICES provided in  May 2006 of w hich the results are sum m arized below  (ICES 2006b).

Questions raised by the European Commission addressed to ICES

The questions raised by the European Commission to were:

a ) What change in fishing mortality could be expected following the adoption of 
such gear in the commercial fishery, assuming unchanged effort measured in 
kW-days at sea?

b ) What effect would such a widespread introduction have in terms o f (i) the 
mixture o f species caught; (ii) the size offish caught?

c ) What, if  any, effects would such introduction have on non-target species in 
the marine ecosystems where this gear was deployed?

ICES conclusion and recommendation on additional data needs

ICES Concluded:

"The available information shows that the pulse trawl gear could cause a reduction in catch 
rate (kg/hr) o f undersized sole, compared to standard beam trawls. Catch rates of sole above 
the m inim um  landings size from  research vessel trials were higher but the commercial feasibil­
ity study suggested lower catch rates. Plaice catch rates decreased for all size classes. No firm  
conclusions could be drawn for dab, turbot, cod and whiting but there was a tendency for  
lower catch rates.

The gear seems to reduce catches of benthic invertebrates and lower trawl path mortality of 
some in-fauna species.

Because o f the lighter gear and the lower towing speed, there is a considerable reduction in 
fuel consumption and the swept-area per hour is lower.

There are indications that the gear could inflict increased mortality on target and non-target 
species that contact the gear but are not retained.

The pulse trawl gear has some preferable properties compared to the standard beam trawl with  
tickler chains but the potential for inflicting an increased unaccounted mortality on target and 
non-target species requires additional experiments before final conclusions can be drawn on 
the likely overall ecosystem effects o f this gear. "

The recom m endations of ICES were:

"Further tank experiments are needed to determine whether injury is being caused to fish  
escaping from  the pulse trawl gear. The experiments need to be conducted on a range o f target 
and non-target fish  species that are typically encountered by the beam trawl gear and with  
different length classes. In these trials it should be ensured that the exposure matches the 
situation in situ during a passage of the pulse beam trawl. Fish should be subjected to both 
external and internal examination after exposure.
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I f  the pulse trawl were to be introduced into the commercial fishery, there would be a need to 
closely monitor the fishery with a focus on the technological development and bycatch proper­
ties. "

Suggested further research topics following the ICES Advice

As a response to the ICES Advice on Pulse Trawling (see Annex and the report by the 
Expert G roup of WGFTFB) three topics for further study were selected, namely:

1 ) Study into spinal dam age in  cod (Gadus morhua L.)

2 ) Research into the effects of electrical stimuli on elasm obranch fish.

3 ) Further study into the effects on benthic invertebrates that are subject to
the electric field generated by the electrodes in the gear.

Further research related to the ICES Advice

Further research related to the ICES Advice is sum m arized below.

Preparatory Studies

Prelim inary studies were undertaken in  2007 to address some of the issues raised in 
the discussions w ith  the Expert G roup under EU Project DEGREE.

These activities involved:

1 ) M easurem ents on the detailed stim ulus applied in the pulse traw ling sys­
tem  developed by the com pany V erburg-H olland Ltd., i.e. the am plitude, 
pulsew idth, rise and fall times, repetition rate and field strength along the 
electrodes. These m easurem ents were done on-board of the commercial 
fishing vessel MFV "Lub Senior" (UK153), and in tank facilities of the 
m anufacturer of the pulse beam  trawl.

2 ) Simulation of this stim ulus in the recirculated aquaculture system  avail­
able at IMARES

3 ) D evelopm ent of a protocol for keeping sm all-spotted catsharks alive and
well, including dietary requirem ents.

4 ) The exposure of sm all-spotted catsharks (Scyliorhinus canicula L.) to a sim u­
lated pulse under laboratory conditions and observation of behaviour, in­
cluding foraging, and m onitoring m ortality

5 ) Investigation of possible spinal dam age of cod caught by a commercial
vessel using pulse beam  traw ls by X-ray photography.

The details of this w ork are reported  in  Van M arlen et al., 2007.

Further studies on cod.

Experiments 2008

Research was continued on catsharks and cod in 2008, bu t w ith a differing research 
protocol, in  which the stimuli were applied on fish that were positioned in the electri­
cal field, to know  exactly the exposure.

The stim ulus was sim ulated w ith a system of tw o parallel electrodes w ith a duration 
m atching the expected duration in situ  of fish inside a trawl. The w ork on catsharks 
was done in the laboratory of IMARES in IJmuiden, and the w ork on cod was carried 
out in close cooperation w ith IMR Austevoll, that has experience in  hatching cod.

Prelim inary studies on cod were undertaken in the period  between 1 September 2008 
and 01 M arch 2009. These activities involved the exposure of cod to a sim ulated elec-
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trie pulse under laboratory conditions and observation of behaviour, in d u d in g  the 
foraging response, and m onitoring m ortality and possible internal injuries such as 
vertebral dam age by X-ray photography. The research was cond u d ed  in  cooperation 
w ith the Institute of M arine Research Bergen, IMR research station, Austevoll. This 
research station facilitated the research, target fish w hich were derived from  their 
ow n aquaculture research stock and video observation equipm ent. The e ledric  pulse 
sim ulator was m ade available by V erburg-H olland Ltd. w ith pulse characteristics 
similar to the com m erdal Verbürg pulse system.

Groups of 20 fish w ith similar lengths (0.41 -  0.55 m) were exposed to the electric 
stimulus, w ith each group in one of three distance ranges:

1 ) A "far-field" range w ith  the fish exposed at 0.4 m  side ways of a condudor
element,

2 ) A "m edium  field" range w ith  the fish exposed at 0.2-0.3 m  above the cen­
tre of a co ndudor pair,

3 ) A "nearfield" range w ith the fish exposed at 0.1 m  from  the condudor
element;

To exdude the effeds of transfer and other unknow n influences a control g roup of 20 
fish was confined in  the same way, but not exposed to the e ledric  stimulus.

The fish exposed in the "far-field" range, representing the fish just outside the w ork­
ing range of the trawl, show ed hardly a read io n  to the exposures and responded 
norm ally to the feeding cycles. The fish exposed in the "m edium  field" range show ed 
a m oderate contraction of the muscles, bu t all recovered well and responded nor­
m ally to the feeding cycles. The effects on the fish exposed in the "nearfield" range 
were m ore pronounced, 4 fish d ied shortly after the exposure, and another 2 d ied in 
the observation period thereafter, resulting in  a m ortality of 30%. In the observed 
period of 14 days after the exposures the surviving fish packed together outside the 
feeding zone and hardly responded to the feeding cycles.

The fish of the control group, exposed to a similar treatm ent as the exposed groups 
except receiving the pulse stimulation, show ed a decrease in  appetite com pared to 
the fish exposed in the "far-field" and "m edium  field" ranges. This could have been 
related to the fact that this g roup was treated  tow ards the end of the experim ental 
period and thus stayed the longest tim e in  the transfer tank.

Post m ortal analysis using X-ray scans revealed that 5 out of 16 rem aining fish ex­
posed in the "nearfield" range had  haem orrhages close to the vertebral column, and 
of these five, 4 had  vertebral bone fractures. No injuries were found on the fish ex­
posed in the "m edium  field" range, w hich show ed weaker reactions to the electric 
exposure.

More details are given in De H aan et al., 2008.

ICES Advice 2009

• In consultation w ith  the European Commission, in September 2009 the Dutch 
M inistry requested ICES review  the reports and to provide updated  advice 
on the ecosystem effects of the pulse trawl. The reports were independently  
review ed by a group of experts in the fields of electric fishing techniques, 
fishing gear technology, benthic ecology, unaccounted m ortality and fish 
survival experim entation. This was coordinated by the chair of WGFTFB. The 
reviewers were specifically requested to consider the questions raised by
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ICES in the 2006 advice and w hether the additional experim ents had  success­
fully addressed these issues. This advice was subm itted to ICES ACOM and 
based on the expert reviews, ACOM concluded:

• The experiments are a valuable further step to evaluate the ecosystem effects of fish ­
ing with pulse trawls.

• Laboratory experiments on elasmobranchs, benthic invertebrates, and cod to test the 
effects o f electric pulses were generally well designed and interpreted correctly. How­
ever, the experimental results have some weaknesses as discussed below.

• The experiments indicate minimal effects on elasmobranchs and benthic inverte­
brates.

• Electric pulses resulted in vertebral injuries and death of some cod which were in 
close proximity (<20 cm) to the conductor emitting the electric pulses. There is in­
conclusive evidence that the capture efficiency of cod by pulse trawls is higher than 
fo r conventional beam trawls (see review by Norman Graham). Widespread use of the 
pulse trawl has the potential to increase fish ing mortality on cod as a result o f inju­
ries caused by electric pulses (and possibly higher capture efficiency) but further re­
search is needed to draw firm  conclusions.

• While the results of laboratory experiments are informative, many factors could re­
sult in different effects during actual fish ing operations. In particular, specifications 
contained in the derogation for the pulse trawl allow a wider range o f electric pulse 
characteristics than were tested in the experiments. Therefore, pulse trawls permitted 
under the EC derogation may generate substantially different effects than those ob­
served in the experiments.

• This advice is narrowly based on the review o f three reports provided by The Nether­
lands. Concerns and uncertainties raised in the advice may be addressed by further 
research, refinement of the derogation, and monitoring the fish ing operations and 
performance of vessels using pulse trawls.

The Report of the WGFTFB A d hoc G roup of 2006 specifically m entioned potential 
spinal dam age to cod exposed to electrical stimulation, potential effects on inverte­
brates and possible d isruption  of the electric sensory systems of elasmobranchs. Sub­
sequently, the European Com mission granted The N etherlands a derogation for 5% 
of the fleet to use the pulse traw l on a restricted basis provided attem pts were m ade 
to address the concerns expressed by ICES. This derogation has been granted every 
year since 2007.

The N etherlands (specifically IMARES) has studied the effect of the electric pulse 
traw l during the period 2007-2009 to fill these gaps in  know ledge through a series of 
tank experim ents on elasmobranchs, invertebrates and cod. The experim ental species 
were subjected to electrical stimuli believe to be representative of in situ fishing con­
ditions. The findings from  these experim ents are given in  three reports m entioned 
earlier:

1 ) The effect of pulse stim ulation on biota -  Research in relation to ICES ad­
vice -  Progress report on the effects to cod (De H aan et al., 2009a).

2 ) The effects of pulse stim ulation on biota -  Research in  relation to ICES ad­
vice -  Effects on dogfish (De H aan et al., 2009b).

3 ) The effect of pulse stim ulation on m arine biota -  Research in relation to
ICES advice -  Progress report on the effects on benthic invertebrates (Van 
M arlen et al., 2009)
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Experim ents 2010

Following the ICES advice of 2009 and the discussions at WEKPULSE and WGFTFB 
in 2010 further research was done on the effects of pulse stim ulation on cod (Gadus 
morhua L.). The research was conducted in cooperation w ith the Austevoll Aquacul­
ture division of IMR, Bergen, N orw ay and the sequel to the pilot study conducted in 
2008. The trials started on 1/12/2010 and ended  on 14/12/2010. In this period 38 trials 
were conducted using sim ulated electric stimuli of two different commercial Dutch 
electric fishing systems. As the X-ray analysis of the exposed fish is still ongoing this 
sum m ary is based on interim  results of visual observations.

Aims o f the research:

The objectives of the study were:

• To observe the effects of electric pulse stimuli on juvenile cod of 0.12-0.16 
m  length, w hich represents fish that w ould  norm ally escape through 
meshes (mesh size 80 mm) of beam  traw l codends;

• To test the electric stimuli in a range of different pulse characteristics w ith 
pulse am plitude, duration  and frequency as m ain variables to determ ine if 
the observed effects can be related to a specific pulse param eter;

• To repeat the tests w ith  the stim ulus conducted in 2008 on cod of 0.41-0.55 
m  in length w hich produced vertebral injuries in  these trials, and deter­
mine if these effects also occur w ith the latest developm ents in  electric 
pulse characteristics and hardw are.

M ethodology

In these experim ents tw o fish sizes were used, the size range m ore or less similar to 
the one tested in  2008 of 0.4 to 0.6 m  (denoted: "large"), and a sm aller size of 0.12- 
0.16 m  (denoted: "small"), representing juvenile cod that w ould  norm ally escape 
through the m eshes of the pulse traw l and of w hich injuries related to the electric 
exposure w ould  rem ain unknown.

Doses o f the electric exposure

The dose of the exposure of an electric stim ulus is determ ined by the am plitude of 
the voltage across the conductors and the tim e duration of the stimulus. The potential 
difference and field strength in  V/m betw een any tw o points of the electric field de­
pends on the position of these tw o points. This means that the exact position of the 
fish' beak and tail in the field relative to the conductor and the length of the fish are 
additional factors determ ining the dose. As field strength is related to distance (V/m), 
the position of the fish in the electric field and the com position of the electric field 
around the conductor have similar im portance in the definition of the dose of the 
electric exposure. Both issues will have to be know n as side reference and how  the 
tested sim ulated condition relates to full-scale practice.

Positioning o f the fish

In the study of 2008 the highest effects on large fish (0.41 -0.55 m) were observed in 
the "nearfield" range w ith  the fish at 55 m m  aside of the conductor and a height vary­
ing betw een 0.1 and 0.2 m. In this present study the variation in the height of the fish 
was reduced to be able to tune the observed effects m ore closely to the reference field 
strength. Figure 1 illustrates one of the tw o positions of small fish relative to the con­
ductor. For both fish sizes the nylon flange at the end of the conductor was the cue to 
position the fish lengthwise. Both cages were kept against the flange on exposure and
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the fish was placed w ith the beak against the side of the cage near the flange. For 
large fish this m eant that only the head w ould  receive the highest dose of the expo­
sure. For small fish it im plied that the complete body w ould  be exposed and the head 
as nerve centre w ould  receive a relatively lower dose. Due to this difference in  condi­
tion a second position, 90 degrees rotated, was tested for small fish w ith  the head 
perpendicular to the centre of the conductor and the beak against the conductor (Fig­
ure 2). A second m otive to test the rotated position was that small fish usually swims 
in  a disorientated w ay as had  been seen by direct observation (de H aan personal com­
munication).

Large fish

The large fish were exposed using the materials and procedures of positioning ap­
plied in  2008. The cage in  w hich the fish was housed during the exposure consisted of 
flexible polyethylene netting w ith a triangular profile of 0.6x0.3x0.55 m  (length x 
w id th  x height). The polyethylene netting had  a m esh size of 20 mm, w ide enough to 
observe the caged fish by underw ater camera. The distance of the body axis of the 
fish relative to the conductor was 55 m m  and was the shortest possible distance w ith 
the head of the fish aside of the conductor. In 2008 the fish tested in the "nearfield" 
range could freely swim  through the cage and on exposure the height of the animal 
from  the bottom  varied betw een 0.1 and 0.2 m. This variation had  a strong effect of 
the electric dose as in  the given height range the electric field strength reduces from  
82 V/m to 37 V/m.

In this study the large cod were forced to the bottom  of the cage w ith the horizontal 
body axis was 80 m m  above the bottom  and the head of the fish 55 m m  aside of the 
conductor. In this exposed position the field strength of the VB UK153 system  at 
nom inal pow er setting (57 V peak am plitude) was 102 V/m. In the lowest tested 
pow er setting (20 V peak am plitude) the field strength reduced to 38 V/m.

At the bottom  of the fish tank the density of the electric field increased due to the 
artificial bottom, w hich acts as an un-penetrable layer. Due to this condition the field 
strength increased at the bottom  to 224 V/m (at a distance of 55 m m  from  the conduc­
tor). This is an artefact com pared to real fishing conditions, w here the electric field 
can extend m ore into the seabed, and will be not as high as in  the tested condition. 
Real field strength data under commercial conditions are not available and have to be 
m easured as a reference to our experiments.

Small fish

The small fish were exposed in  tw o horizontal positions relative to the conductor. 
The first position was w ith  the body of the fish in parallel w ith the conductor w ith 
body axis of the fish at a distance 35 m m  of from  the conductor. Figure 1 and Figure 2 
illustrate the positioning of the fish. The fish were exposed using a cylindrical plastic 
m eshed cage of 200 x 70 mm. The small fish could freely swim  in this lim ited space 
and was even able to tu rn  inside the cage. Due to this free-swimming condition small 
fish were exposed w ith the body axis at 20 and 35 m m  above the bottom. Field 
strengths opposite the centre of a conductor varied from 300 (at the bottom) to 250 
V/m (35 m m  above the bottom, the centre axis of the cage).

Alternative positions

In tw o cases the position of large fish was changed. In one case the height of the posi­
tion of the large fish was increased w ith 50 m m  (by lifting the cage), and in another
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case w ith the cage w ith  fish was m oved 210 m m  forw ard w ith  the body of the fish 
opposite the conductor and the head outside the zone of highest field strength.

We started our experim ents w ith trials w ith  m ultiple (a series of four of 1 s duration 
w ithin a period of 3 m inutes as in  the first study in 2008), and single exposure of 1 s 
duration to find out w hether there are differences in effect. As the first results on 
large fish show ed that the effects were similar to the results of 2008, and d id  not re­
duce w ith a single exposure, it was decided to conduct the research w ith a single 
exposure per fish. It appeared that the effects w ith  a single exposure were similar to 
the effects observed in  the study in 2008. It was also thought that a series of four ex­
posures w ould  be an overdose and m ultiple exposures w ould  probably not occur 
under real fishing conditions as in  the study of 2008 cod show ed a reaction after the 
first pulse w ith an im m ediate acceleration from  the exposed area.

Pulse systems

There are tw o different electric pulse prototype systems used in the D utch beam  
traw l fleet fishing for flatfish. Both systems produce a bi-polar waveform, of which 
the m ain param eters slightly differ. The first tw o systems are developed by "Ver- 
burg-Delmeco" Colijnsplaat (NL), the th ird  by HFK Engineering, Baarn (NL). Figure 
3 illustrates the three different wave forms.

Top view

Conductor

Cylindrical cage

Back view

35 IT IT

2 0  m  i t

Tank bottom

Figure 1. Schematic position of small fish w hen exposed alongside of the conductor.
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Figure 2. The two different tested positions of the small fish  in  the real set-up.

2 VB TX6S

3 HFK TX36

Figure 3. Sim ulated waveforms and main specifications.

"Verburg-Delmeco" supported  tw o basic w aveform  sim ulations (VB UK153 and VB 
TX68), of which the first tested and reported  in 2008 (VB UK153) is no longer used in 
commercial practice, bu t repeated in  this study as a basic reference for the m ost re­
cent pulse characteristics used and for changes in  hardw are (electrodes and conduc­
tors). Since the trials conducted in  2008 the pulse concept of the commercial Verbürg - 
system  was adapted. The symmetrical delay betw een the positive and negative parts 
was shortened to practically zero, while the nom inal am ount of discharged energy 
was reduced w ith approxim ately 20-30%. This was achieved by reducing the nom i­
nal settings of pulse am plitude from  60 V to 50 V, and pulsew idth  from  220 to 200 ps, 
while the electrode distance was increased from  0.325 to 0.425 m. Both old and new  
waveform s were sim ulated w ith  the equipm ent used in the 2008 study. The pulse
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m enus of both waveform s allowed control of the m ain pulse param eters (frequency, 
pulsew idth) in  a lim ited range.

The th ird  sim ulated electric pulse system  identified as "HFK TX36" or "Pulswing" is 
a new  developm ent and integrated in a w ing type of beam  trawl, the so-called 
"Sum wing". The electric w aveform  is similar to the Verbürg TX68 system  and consist 
of a bi-polar pulse w ith  m inor delay betw een the positive and negative parts. This 
pulse concept has a physical lim itation on the discharge energy. The m ain deck en­
ergy source is decoupled from  the discharge circuit by an energy buffer and by the 
size of its com ponents fixed and maximized. The pulse am plitude of 40 V is the sec­
ond fixation in  the discharge electronics and cannot be increased at deck level. Fre­
quency and pulsew idth  are param eters that can be controlled at deck level.

Both sim ulated systems were tested w ith  the nom inal am plitude as m axim um  (Ver- 
burg-Delmeco") or w ith  and increased am plitude of 60 V (HFK, 40 V nom inal set­
ting). Given the fact that the tested field strength was denser than  under commercial 
practice the tests covered exposures beyond the m axim um  boundaries of both  com­
mercial systems.

The overview  of Table 1 shows the range of settings of m ain param eters of the w ave­
forms applied in  this research. The pulse peak to zero am plitude (Vp, Figure 3) was 
varied betw een 20-60 V, the pulse frequency ranged betw een 30-80 Hz.
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Table 1. Overview of ranges of main parameters of tested waveforms.

Sim ulation type A m plitude (Vp) Frequency (Hz)
Pulsewidth
(fis)

VB UK153 20-57 30.6-40-57.5 150-200

VB TX 68 22-50 80 220

HFK TX36 30-60 30-45-80-100-180 50-380

Alternative w aveform  settings

In three cases changes w ere m ade to the w aveform  settings. In one case the burst 
period was reduced w ith 50% to 0.5 s and in another case the 1 s burst of the VB TX68 
w aveform  was shaped to the dynam ic changes of an array of 6 conductors and insu­
lation parts passing along a static fixed point at 5 knots speed (Figure 4). In a th ird  
case the delay time betw een the positive and negative part of the HFK TX36 w ave­
form  was increased to 1 ms.

>.......................Ô............................................... ¿....................... £■
(-19 .S V) I I

Figure 4. One second burst period of the VB TX68 representing the dynamic tow ing simulation of 
an electrode w ith six conductors and insulators lengthw ise tow ed along a fish in  a static position.

The electrode system  of the tested Verburg-Delmeco and HFK systems is of similar 
physical dim ensions w ith  m inor differences in the conductor elements. Each system 
was sim ulated using commercially identical electrode/conductors for practical use in 
the laboratory.

Procedures

M ost animals were tested in groups of 10, and occasionally in groups of 20, w hen 
reference to the experim ents of 2008 was required. Initially the small cod were tested 
in groups of 20, bu t given the m inor effects num bers were reduced to 10.

The electric field strength was m easured as reference to the observed effects. The 
observation of the effects m ainly focused on m ortality and in some cases (small cod) 
on short-term  survival (24-A8 hours). The behaviour of the fish during exposure was 
recorded on video and listed per case. After exposure the fish were killed and frozen 
to be X-rayed at a later stage at the IMR research station in  Matre.

Summarised interim results

The interim  results are based on 26 trials involving a total of 262 specimen of large 
cod (0.44—0.55 m, w hile MLS = 0.35 m) and 12 trials w ith  small cod (total num ber 
168).

I " 1 I
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The small cod were exposed in  the nearest possible range and survived the harshest 
field strength condition, which cannot be produced in  commercial practice. None of 
the small fish d ied after exposure and vertebral injuries were not observed. How ever 
strong paralysing effects d id  only occur in the first test series w ith four subsequent 
exposures, however, all small fish recovered. All small fish exposed w ith a single 
exposure re turned  im m ediately after the exposure to norm al behaviour and no 
physical effects were observed over longer term  w hen fish were kept alive over the 
w eekend and reacted positively to feeding.

Vertebral injuries in  large fish, as observed in the trials of 2008, were also found in 
this study under various pulse compositions and settings, even w hen the pulse am ­
plitude was reduced to 50% of the nom inal conductor voltage. At 20 V am plitude the 
num ber of injured fish reduced from  70 to 30%. Vertebral injuries were identified by 
tail colouring, anal and fin bleeding.

The vertebral injuries, m easured w ith  the dynam ic com pensation of the 1 s burst of 
the VB TX68 (Figure 4) at an am plitude setting of 30V, rem ained in the same order of 
m agnitude of trials w ithout this com pensation at 60%, This m eans that the com pensa­
tion did  not have any effect on injuries, which validates the present m ethodology and 
that of 2008 w ithout this compensation.

The num ber of injured fish seems to reduce w ith increasing pulse frequency. At 100 
Hz 40% of the fish were injured and at 180 H z this num ber reduced to 0%. It seemed 
that the latest pulse developm ents w ith directly diverted polarity (practised on board 
TX-68) produced a sm aller num ber of injuries com pared to the pulse pattern  tested in 
2008 w ith  a symmetrical 12.6 ms delay betw een the positive and negative pulse (prac­
tised on board UK153 until 2008), especially w hen the frequency is outside the 45 Hz 
range.

The results indicate that injuries of large cod sharply decrease after a reduction the 
am plitude (to 20 V) and an increase of frequency (to 180 Hz). It is unknow n how  this 
adaptation will affect the fishing efficiency on the m ain target species sole. W hen the 
efficiency is determ ined by the energy content of the pulse, it im plies that the 
pulsew idth  will have to be increased w hen am plitude is low ered w hen keeping en­
ergy constant. Of the alternative waveform  settings the reduction to a 0.5 s burst 
seemed effective in reducing vertebral injuries. This reduction w ould represent a 
faster passage of fish through the electrode array, w hich in the case of unchanged 
swim m ing speed can be obtained by either an increase of the tow ing speed or a re­
duction of the total length of conducting elements in the electrode system. All these 
aspects can be addressed as motives to continue research on the effectiveness on the 
m ain target species sole.

This interim  result will have to be validated by field strength m easurem ents w ith the 
full-scale gear at sea as than  the present results can be scaled to the actual field 
strength reference and secondly it can be determ ined whether the sim ulated w ave­
forms VB TX68 and HFK TX36 were fully equivalent to the commercial practice. 
These full-scale m easurem ents are p lanned in  the near future.

Further studies on small-spotted catsharks (dog fish).

This study involved the exposure of lesser spotted catsharks (dogfish) to a sim ulated 
electric pulse under laboratory conditions, and the m onitoring of mortality, injuries 
and behavioural responses, in  particular feeding response. The electric pulse sim ula­
tor was m ade available by Verburg-H olland Ltd. w ith  pulse characteristics similar to 
the commercial Verbürg pulse system. On 4 December 2008, three groups of 16 fish
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w ith similar lengths (0.3 -  0.65 m) were exposed to the electric stimulus, w ith  each 
group in one of three distance ranges:

1 ) A "far-field" range w ith  the fish exposed at 0.4 m  side ways of a conductor
element.

2 ) A "m edium  field" range w ith  the fish exposed at 0.1-0.3 m  above the cen­
tre of a conductor pair;

3 ) A "nearfield" range w ith the fish exposed at 0.1 m  from  the conductor
element

Furtherm ore, in  order to be able to m onitor the effects of transfer and other unknow n 
influences a control group of 16 fish was confined in the same way, bu t not exposed 
to the electric stimulus. Each fish was exposed four times in a row. All fish were ex­
am ined for injuries directly after the end of the last stimulus. Feeding response was 
m onitored for 14 days after. O ther behavioural responses (in particular contractions, 
swim m ing patterns) were m onitored during stim ulation and in  the 14 days period 
following it. Finally the fish were kept in  husbandry for another 9 m onths. A ddition­
ally long-term  m ortality and other behaviour such as egg production were m oni­
tored.

No evidence was found of differences in  feeding response or likelihood of injury or 
death betw een the exposure groups. There was also no evidence that fish sustained 
injuries as a result of the exposures. Respectively 8 and 9 m onths after the experim ent 
a single specimen of the "m edium  field" category and "nearfield" category died. In 
the 14 days observation period after the exposures no aberrant feeding behaviour 
could be seen. Fish in  all tested groups started feeding norm ally the same day di­
rectly after the exposures. In a period of 7 m onths after the exposures all exposed 
groups produced eggs in num bers varying betw een 5-39 per group. Surprisingly the 
control group d id  not produce eggs. Regarding the other behavioural responses 
(mainly reflexes and m uscle contractions, and post-reactions, such as a rap id  body 
reverse, short-curled body rotations and acceleration tow ards the w ater surface), 
there were some clear differences betw een exposure groups. The responses of the fish 
exposed in  the "far-field" range, representing the fish just aside the fished area of the 
trawl, were m inor and ignorable. Flowever, the responses of the fish exposed in  the 
"m edium  field" range were m ore pronounced w ith contractions, rap id  body reverses, 
short-curled body rotations and acceleration tow ards the w ater surface occurring. 
The responses of the fish exposed in the shortest possible range, the "nearfield" 
range, were the strongest w ith  increased incidence of contractions and rap id  body 
reverses, short-curled body rotations and acceleration tow ards the w ater surface. 
A lthough this experim ent has not been set up, or designed, to investigate differences 
betw een exposure groups in  terms of behavioural responses other than feeding re­
sponses, the authors noted that a common behavioural response in the "nearfield" 
group was to 'accelerate upw ard '. Since, in  field situations this behaviour has been 
observed to lead to dogfish becoming entangled in the m eshes of the top panel of the 
full-scale traw l this merits further investigation. In this cause it w ould  help these 
animals to escape w hen larger meshes w ould  be used in the top panel, as studied in 
Van Marlen, 2003.

More details are given in De Flaan et ah, 2009.

Further studies on benthic invertebrates.

Experiments were carried out in  July 2009 on a range of benthic invertebrates (rag- 
w orm  (Nereis virens L.), com m on praw n (Palaemon serratus L.), subtruncate surf clam
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(Spisula subtruncata L.), European green crab (Carcinus maenas L.), common starfish 
(Asterias rubens L.), and A tlantic razor clam (Ensis directus L.)) under pulse stim ula­
tion based on the Verburg-H olland stimulus.

Groups of tw enty animals per species were exposed to three treatm ents of four 1 s 
bursts of electrical pulses using a pulse simulator: nearby (0.10-0.20 m  distance), at 
m edium  distance (0.20-0.30 m), and further away (0.40 m) of the electrodes. A i s  
pulse burst is deem ed to represent the in situ passage of the pulse field of the gear 
beneath a non-m oving fish. A control group was used for all species to correct for 
handling effects. The animals were caught w ith m ethods m inim izing catch effects, 
and kept in w ater quality controlled circulating seawater tanks, and regularly fed. 
Survival, food intake and behaviour were m onitored for a period of some tw o weeks 
after the exposure. The data  were analysed w ith generalized linear m odels in  the SAS 
statistical package.

For tw o species (ragw orm  and European green crab) a 3-5% statistically significantly 
low er survival was found com pared to the control group, w hen all exposures were 
lum ped together. For the nearfield exposure a 7% lower survival was also found for 
A tlantic razor clam. For the other species (common praw n, subtruncate surf clam, 
common starfish) no statistically significant effects of pulses on survival were found. 
Surf clam seemed not to be affected at all, common praw n seemed to show  lower 
survival in the highest exposures (near and m edium  field), w hile com m on starfish 
show ed lower survival, but not for the highest (nearfield) exposure.

Food intake tu rned  out to be significantly low er (10-13% less) for European green 
crab, except in  the far-field exposure for w hich the reduction (-5%) was non­
significant. No effect at all was found for ragworm , surf clam and razor clam, lower 
food intake for common praw n, and higher for com m on starfish, bu t all these results 
were statistically non-significant.

Surf clam and starfish d id  not show  any behavioural reaction at all, they d id  not 
move. The other species show ed very low  responses in the far-field exposure range. 
In the m edium  and nearfield ranges the reactions were stronger. Food intake and 
behaviour recovered after exposure.

In general term s the effects of the pulse stim ulus in terms of m ortality and food in­
take can be described as low. It is therefore plausible that the effects of pulse beam  
trawling, as sim ulated in this study, are far sm aller than the effects of conventional 
beam  trawling.

More details are given in Van M arlen et al., 2009.

Concluding remarks

ICES concluded in 2006 that the pulse trawl, based on the specifications (given in 
Annex III of TQV 2009 and applied in  the V erburg-H olland system  has advantages 
over the standard  beam  traw l w ith  tickler chains. A considerable reduction in fuel 
consum ption and sw ept-area per hour was found, caused by the lighter gear (no tick­
ler chains) and low er tow ing speed. O n the other hand  the potential for inflicting an 
increased unaccounted m ortality on target and non-target species required  additional 
experim ents before final conclusions could be draw n on the likely overall ecosystem 
effects.

It was acknow ledged that the pulse traw l gear could cause a reduction in catch rate 
(kg/hr) of undersized sole (Solea vulgaris L.), com pared to standard  beam  trawls, 
while the results for sole above the m inim um  landing size were variable. It was also
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found that plaice (Pleuronectes platessa L.) catch rates decreased for all size classes. 
A dditionally no firm  conclusions could be draw n for dab, turbot, cod and whiting, 
bu t there was a tendency for low er catch rates.

Another conclusion by ICES was that the gear seemed to reduce catches of benthic 
invertebrates and low er traw l path  m ortality of some in-fauna species. As a m atter of 
fact lower benthic catches were found to be statistically significant in  m any experi­
m ents and lower traw l path  m ortality almost for a range of 15 taxa (p = 0.09).

ICES recom m ended therefore further experim entation on a range of target and non­
target fish species under representative stimulation. We extended this to non-target 
benthic invertebrates after the discussions in 2006.

A ppraising the potential effects on the m arine ecosystem of introducing pulse traw l­
ing in  the beam  traw l fleets is not an easy task. A great variety of species come into 
contact w ith any beam  traw l being tow ed over the seabed. M any of those are not 
captured and are w ashed out through the meshes, bu t the dim ensions of these are 
relatively small. W hat the effect of an electrical stim ulus in a non-uniform  field is 
concerned, this is generally less at sm aller lengths, due to a lower potential difference 
betw een head and tail (Stewart, 1975). During the discussions in  WGFTFB in 2006 it 
was asked to give guidance into the num ber and kind of species to test before a final 
decision on the overall ecosystem effects could be made, bu t the answ er was only 
given in  general terms. We based our choice on the discussions in 2006 and the occur­
rence in beam  traw l catches, and took a range w ith a large variety in m orphology and 
role in the m arine ecosystem.

This choice involved: catsharks (Scyliorhinus canicula L.) as a representative species 
for elasmobranchs, cod (Gadus morhua L.) because of reports of potential effects on 
their spine, and a range of benthic invertebrates, namely: ragw orm  (Nereis virens L.), 
common praw n (Palaemon serratus L.), subtruncate surf clam (Spisula subtruncata L.), 
European green crab (Carcinus maenas L.), com m on starfish (Asterias rubens L.), and 
A tlantic razor clam (Ensis directus L.), as the prelim inary research carried out in  2005 
m et some objections.

One should realize, that the existing fishing m ethod for catching flat fish and particu­
larly sole, i.e. beam  traw ling w ith heavy tickler chains, was show n to affect m arine 
ecosystems by favouring short lived over long lived species (Lindeboom and De 
Groot, 1998). Any alternative should be w eighed against conventional beam  trawling. 
The recent studies focus on the effect on m arine biota under the stimuli produced by 
the pulse trawl, bu t the relationship w ith the com parison w ith  the conventional fish­
ing m ethod should not be forgotten. From  that perspective our research show ed a 
num ber of advantages w hen applying pulse stimulation, as we stated in de para­
graph  above 1.

As general conclusions, related to the experim ents requested by ICES in 2006, we 
found that the effects of the stim ulus on catsharks and  benthic invertebrates tu rned  
out to be minimal. One should also realize that the m agnitude of exposure was rela­
tively high in the experiments, as the animals in  m any cases were restricted in  their 
m ovem ents away from  the stimuli. For bottom  dwelling organism s such as the shell­
fish tested, being buried  inside the sedim ent w ould  also reduce exposure.

M arketable cod (>MLS of 35cm) m ight be affected, bu t only if they reach a position 
inside the net close to the electrodes, w hich will not be the case for all fish entering 
the gear. M ost of these will be caught and landed anyhow. Smaller lengths are ex-
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pected to be less affected, due to behavioural effects and the generally low er suscep­
tibility of shorter animals in electric fields.
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Table 2. Overviews of experiments conducted by IMARES in 1998-2006.

Year M onths W eeks # valid  

hauls

M odel,

Beam

w id th

Type of experim ent M ethod Vessel(s) Reference

1998 06

09

11-12

23-25

40-41

47-50

39

30

80

I, 7m Catch com parison Tw in beam  traw l p a ired  experim ent FRV "Tridens" Van M arlen et a l ,  1999

1999 04 15-17 47 II, 7m Catch com parison Tw in beam  traw l p a ired  experim ent FRV "Tridens" Van M arlen et a l ,  2001

15-17 9 Survival experim ents on 
plaice

sole and O n-board  storage and m onitoring

11-12 45-49 55 Catch com parison Tw in beam  traw l p a ired  experim ent

45-49 6 Survival experim ents on 
plaice

sole and O n-board  storage and m onitoring

2000 06 24 10 II, 7m Benthos m orta lity  study Com paring  densities of sam ples taken  
from  traw l tracks of b o th  gear types

FRV "T ridens" + 

RV "Zirfaea"

V an M arlen et a l, 2001b

2004 11 ? n /a n /a Survival experim ents on  benthos Laboratory stu d y  of behav iour and  
su rv ival of ben th ic  species in  electrical 
fields

n /a Sm aal and  Brum m elhuis, 2005

2005 46-47; 49-50 67 1,12m Catch com parison Tw in beam  traw l pa ired  experim ent FRV "Tridens" Van M arlen et a l ,  2005a

48 20 Survival experim ents on 
plaice

sole and O n-board  storage and m onitoring FRV "Tridens" V an M arlen et a l, 2005b

2005 10-11 41, 44 169 II, 12m Catch com parison  and 
appraisal

economic Parallel haul, u n p a ired  experim ent MFV UK153 + other V an M arlen et a l, 2006, Van Stralen, 
2005,

Taal, 2006

Catch com parison  and  econom ic Parallel haul, u n p a ired  experim ent MFV UK153 + o ther V an M arlen et al., 2006, Van Stralen,
appraisal 2005,

Taal, 2006
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Table 3. Major outcomes of studies conducted by IMARES in 1998-2006. (Legend: P = pulse beam trawl, C = conventional beam trawl).

Year M odel, M ajor outcom es

Beam cpue (kg/hr) ratio  P/C in  %

W idth  (m)
sole 

> MLS

plaice 

> MLS

sole 

< MLS

plaice 

< MLS

landings discards benthos O ther findings

1998 1/ 7 50-100% 50% 50-100% 55% 55-65% 50-70% 55-70% G ear functioned well. N o im provem ent in  size selectivity for target fish.

1999 II, 7 100% 40-50% 150-210% 40-50% 60-70% 50-60% 55-65% G ear functioned well. N o significant effect of b ringing  e lectrodes fu rther back.

Survival of sole and  plaice not w orse. Low er d iscard  m orta lity  in  som e ben th ic  species. 
W arp loads sm aller in pulse  trawl.

2000 II, 7 n /a n/a n /a n/a n/a n /a n/a M edian direct m ortality  of an assem bly of 15 taxa of invertebrates w as reduced  for the  7 
m  p u lse  traw l.

2004 n /a n/a n /a n /a n/a n/a n /a n/a Exposure to the electric field d id  not cause irreversible effects in benthos. Some species 
show ed direct responses, bu t these ceased after exposure. There w as no  additional 
m orta lity  after three w eeks of observation.

2005 1 ,12 122% 83% 83% 82% 95% 86% 75% The pulse  traw l caught m ore large sole, bu t not m ore large plaice.

Skin dam age low er in  p u lse  traw l for sole and  plaice. N o significant difference in  b lood 
param eters. Survival n ot w orse.

2005-2006 II, 12 Landings of plaice and  sole are significantly low er in  the  p u lse  traw l. N o difference in 
catch rates of u ndersized  (discard) plaice. The catch rates of u ndersized  (discard) sole 
w ere lower.

The catch rates of benth ic  fauna  (nrs/hr of Astropecten irregularis, Asterias rubens, and 
Liocarcinus holsatus) w ere  low er. There are indications that u ndersized  plaice are 
dam aged  to a lesser degree in  the  p u lse  traw l and  w ill surv ive be tte r in the  p u lse  traw l, 
bu t this conclusion shou ld  be trea ted  w ith  caution.
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Other studies on elasmobranchs

Elasmobranch fish have electro-receptor organs (am pullary system, of am pullae of 
Lorenzini) w ith  which they can detect electric fields. E.g. thornback ray (Raja clavata 
L.) can detect a field of 5 Hz frequency above the threshold of 0.01 pV/cm, enabling 
detection of muscle m ovem ents of their prey (Dijkgraaf and Kalmijn, 1966; Peters and 
Evers, 1985). One m ay w onder w hat happens w ith  this ability after exposure to m uch 
stronger electric field strengths. A way to test this is to offer both an electric field 
potential and food and condition a fish to the presence of food w hen feeling the elec­
tric field. Then w ithout offering food the fish should react on the electric field 
(Dijkgraaf and Kalmijn, 1966).

The am pullae of dogfish (Scyliorhinus canicula L.) are m ost sensitive at low  frequen­
cies. A sinusoidal electrical stimuli at field strength 40 nV/cm and frequencies be­
tw een 0.1 and 1 Hz show  highest sensitivity (Peters and Evers, 1985). The authors 
state that "Three different behavioural frequency characteristics o f 'outputs' o f the electrore­
ceptor system in Scyliorhinus have been found, each representing some neural information- 
processing circuit: the 'eyeblink' system with a maximum gain at 5 H z (Dijkgraaf and 
Kalmijn, 1963), the freeze' system with a maximum gain from  0.1 to 1 H z (this paper) and 
the feeding reaction' with maximum gain between d.c. and 4 H z (Kalmijn, 1974)."
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Figure 5. Frequency characteristics of the electroreceptive system in  Sycliorhinus canicula. (A) 
Am plitude characteristics of primary afferents (filled circles) and 'respiratory reflex' (open circles) 
in  uniform  horizontal electric fields perpendicular to the body axis. The curve of the primary 
afferents was measured at stimulus strengths betw een 1 and 3 pVcm-1. Bars are standard devia­
tions. The 'respiratory reflex' curve is the inverse threshold curve from Figure 3. 0 dB corresponds 
here to 40 nVcm-1 peak-to-peak. According to Kalmijn (1974) the curve of 'turning-towards- 
electric-dipole' w ould run at the 0 dB level from DC up to 4 Hz; Kalmijn found the -6dB point at 8 
Hz. (B) Phase characteristic of primary afferents. The point at 0.01 Hz consists of only two sam­
ples. The other points are the average values from four animals. The values are corrected for 
phase shift induced by the integrator. Bars are standard deviations (Peters and Evers, 1985).



SGELECTRA R ep o r t M a y  2 0 1 1

10000-j

■u
ClÔ

§ 1000-
>c
Vi>
I

V O
100  -

u

10-’ 10 100
Frequency (Hz)

Figure 6. Threshold curve of the 'respiratory reflex' of Scyliorhinus canicula  after stimulation in  
horizontal uniform electric fields perpendicular to the body axis. The values on the y-axis are 
given as peak-to-peak values. The threshold represents the low est value at w hich a response 
w ould  be evoked in  animals in  a 'reactive' state (see text). The hatched area indicates the stimulus 
strengths used by Dijkgraaf and Kalmijn (1963) for evoking the 'eyeblink' reflex. The dotted area 
represents the range of the respiratory potentials (Peters and Evers, 1985).

Work done in Belgium and France as reported in the ALTSTIM report

Introduction

In this review  the w ork carried out in Belgium, by the Fisheries Research Station in 
Ostend, now  called ILVO, on electric fishing is described. The earliest experiments 
started in  1972 on a beam  traw l and w ith  shrim p as the m ain target species. In a sec­
ond stage the target species were expanded to shrim p and flatfish. Beside the beam  
trawl, also otter traw ls equipped  w ith  an electric stim ulation system  were tried  out. 
In this case, Nephrops norvegicus was the m ain target species. Experiments continued 
until 1988. By then the commercial application of electrified gears was legally forbid­
den in  the N etherlands and following this example, also in Belgium no m ore effort 
was p u t into this fishery.

Electric beam  trawls

The m ain aims of the research were to reduce fuel costs, to increase the m arketable 
catch, and to obtain better length selectivity.

In 1972 the first trials w ith  a shrim p beam  trawl, equipped w ith  electrodes were 
started. The principle idea was that shrim p and flatfish, w hich are startled from  the 
bottom  by mechanical stimulation, could now  be disturbed w ith a higher efficiency 
and by m eans of less heavy equipm ent. The m ain intention of this first series of sea- 
trips was to evaluate the rigging of the electrodes and the catch composition. The 
voltage used for the pulse generator was 220V. Since the electricity produced by the 
dynam o on board of the vessels in that time was 24V, a transform er was necessary. 
The use of 220V was one of the weak points of the system  because of the safety of the 
crew. The pulse generator produced the electric pulse to stim ulate the fish. The fre­
quency and the am plitude of the pulses could be altered by a control unit. The elec­
trodes, rigged to the fishing gear were connected by a cable to the pulse-generator 
aboard the vessel. This cable was a second serious draw back of the system. It caused 
problem s w ith safety on board  and extra labour.
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The second series of experim ents in 1973 again gave higher catches for shrim p as well 
as for the bycatch species sole. A lthough the distance betw een the electrodes and the 
pulse frequency was different, the results were com parable to the ones in  1972.

In 1976 experim ents were carried out on electric fishing for sole w ith  a beam  trawl. A 
refined pulse system  was introduced. A frequency betw een 5 and 10 pulses per sec­
ond and a voltage betw een 60 and 100V could be chosen. In order to reduce dam age 
to the fish, a short pulse length of 1ms was applied. The results indicated that the 
heavy tickler chains rigged in traditional beam  traw ls could be replaced by lighter 
ones using the electrical stimulation, w ithout loss of catch. The pulse length of 
seemed to play an im portant role in  stim ulating sole.

The experim ents w ith electric fishing for shrim p w ith  beam  traw ls were continued in 
1977, w ith an im proved system. The electric beam  traw l show ed higher catches for 
shrimp, bu t reduced catches for cod and whiting. Contrary to the traditional shrim p 
fishery, the difference betw een day and night catches was very low  w ith the electric 
trawl. For sole the results were less prom ising. However, due to a lower trawl 
weight, the electric beam  traw l could be tow ed at higher speeds and w ith larger beam  
lengths.

During the experiments, different num bers of electrodes were tried out. The m ain 
conclusion was that a distance betw een the electrodes of 0.75m was the better choice. 
If closer, the electrodes often collided causing short circuits. A larger spacing resulted 
in  a too weak electric field. The catches of the electric gear were m ostly higher for 
sole, especially for the night hauls.

In the early 1980s the trials were continued w ith  a study of the electric field between 
the electrodes of an electric beam  trawl, both in  the laboratory and in commercial 
conditions. The study aim ed at a configuration w ith an optim al electric field w ithin 
the traw l m outh, w ithout causing stim ulation outside the traw l w hich could result in 
negative effects on the catchability of the traw l and w hich could cause dam age to fish 
outside the traw l path.

In the following years continuous effort was p u t in im proving the system, w ith tests 
w ith an electric otter trawl, an electric beam  traw l w ith  altered cutting rate and an 
electric beam  traw l w ith an altered groundrope. Trials w ith an otter traw l dem on­
strated possibilities tow ards higher catchability in this fishery too. International co­
operation betw een the North-Sea states lead to prom ising results. The developm ent 
of a pulse-generator w hich could be fixed on the gear, however, was never com pleted 
in Belgium.

N ew  w ork was done in  Belgium in the early 2000s on the developm ent of an electri­
fied shrim p (Crangon crangon L.) trawl. It started w ith  an extended series of labora­
tory tests on a range of fish and benthic invertebrates to study the reactions (Polet et 
al., 2005a), followed by sea trials on FRV "Belgica", and MFV 0-700 "Bisiti" (Polet et 
ah, 2005b). The w ork continues until the present day, w ith the new  gear w ith  reduced 
bottom  im pact called "HOVERCRAN", w hich received the runner-up price of 
WWF's "Smart Gear Com petition" in 2009. Also further experim ents will be done 
w ith electrified shrim p traw ling in the N etherlands, based on this know ledge in Bel­
gium.

Electrified otter traw ls

A basic study was m ade on the reaction of N orw ay lobster tow ards electric pulses. 
Different pulses, pulse lengths, frequencies and tensions were tried  out. The trials 
were done in an aquarium  w here the environm ental conditions of Norw ay lobster
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grounds were im itated as close as possible. It seem ed quite easy to stim ulate the 
praw ns and it was d ea r that larger praw ns read ed  sooner to the pulses than smaller 
ones. The m ost effident stim ulation pattern  was determ ined w ith  the aim  to apply 
electric pulses to a com m erdal otter trawl. The system  applying electrified ticklers, 
already often tried out on beam  trawls, was now  tested on an otter traw l on a com­
mercial vessel. The electrified otter traw l has a higher catchability for sole. It also had 
im proved seledion characteristics, w ith sm aller catches of undersized fish and larger 
ones of fish w ith lengths above the m inim um  landing size. A lternating positive and 
negative pulses were used in  order to reduce the electrolysis effect. The results indi­
cate that in  this case catches are higher com pared to the pulses derived from  direct 
current. As previous studies indicated, the system  had  a serious drawback: the extra 
cable needed to connect the electrodes w ith the energy source. Extra m anpow er is 
necessary for hauling the cable and dam age to the cable causes loss of fishing time.

The m ain aims in  the study of the use of electric stimuli in traw l fisheries in Belgium 
were:

• A reduction of gear drag and  consequently a reduction of fuel costs.

• An increase in m arketable catch.

• Better length selectivity for the target species.

The system  showed, however, at the time serious drawbacks:

• The need of an extra cable betw een the vessel and the fishing gear.

• Problems w ith safety of the crew in contact w ith  electrified parts of the sys­
tem.

• Losses in fishing time in  the case of a system  breakdow n.

• Rather high investm ent and  m aintenance costs.

A lthough prom ising, the use of electric stim ulation in traw l fisheries m et a range of 
practical problems, w hich in  Belgium, during a 15 year period of research were never 
really overcome. Consequently, w hen in the N etherlands electric fishing was stopped 
in  1988, the experim ents in  Belgium also ceased.

The following rem ark was m ade at the time: "However, w ith the present strong in­
terest to reduce any adverse environm ental im pact of fishing gears, the concept of 
electric fishing has new  potential. N ew  research activities should focus on reducing 
the physical im pact of traw led fishing gear on the seabed. This could be achieved in 
beam  traw ls particularly w hen the heavy tickler chains or chain m ats can be replaced 
w ith  electrodes, which are lighter in  construction. But also the design of the whole 
traw l could be reconsidered. A better length and species selectivity m ight be obtained 
for target species w ith  considerable reduction in  by catch."

Work done in France as reported in the ALTSTIM report

In France, already in the early sixties, studies were carried out to find m ethods for 
alternative stim ulation to catch fish. M ost of the effort was p u t into a system  where 
fish were attracted by light and forced to m ove tow ards a pum p by m eans of an elec­
tric field. At some stage in the developm ent a cooperation was established w ith Po­
land. M ost studies included a lot of basic research into the behaviour of fish in  electric 
fields. Based on this know ledge the specifications of a system  w hich could be com­
mercially used for pelagic fish were defined. The advantages of this m ethod w ould 
be a high catchability and sharp length selectivity.
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Work done in the UK as reported in the ALTSTIM report

Introduction

This review  presents background inform ation on the physiological responses of fish 
and crustacea to electric fields. It describes the studies predom inantly carried out by 
W hite Fish A uthority (WFA) and the Sea Fish Industry  A uthority on the use of elec­
trical stim ulation in  m arine fisheries and discusses them  in term s of environm ental 
effects of fishing. The studies predom inantly  took place betw een 1976 and ended  in 
1986, included investigations into the use of electric fishing on beam  and otter traw l­
ers.

The aim  of m ost of these studies was to reduce fuel consum ption per un it catch of 
fish which was considered to be of im portance during a time of high inflation in  en­
ergy costs.

Electrical Stimulation 

Marine Teleosts

McK.Bary (1956) describes reactions of fish to increasing electric stimuli. He classifies 
them  as follows:

i ) m inim um  response,

ii ) electrotaxis,

iii ) electronarcosis.

The m inim um  response consists of a jerk of the m usculature at the m ake or break of 
the current. The DC field strength required  to elicit this response varies w ith the ori­
entation of the fish to the electric field; the voltage required  for fish held w ith their 
heads pointing tow ards the anode was double that required  for fish pointing tow ards 
the cathode. It was also found that the required  stim ulus for fish held w ith the longi­
tudinal axis of the body varied betw een species. For the m ullet (M ugil auratus L.) the 
field strength required  was greater than  for flounder (Platichthys flesus L.). This was 
considered to be due to the longer length of the segm ented nerves in the flatfish 
(flounder) resulting in  increased sensitivity in  this orientation.

Electrotaxis (or 'forced swimming') is a reaction of fish to increased DC electric field 
strength. The fish swim  in a direction relative to the electric field direction; the fish 
sw im  tow ards the anode and aw ay from  the cathode. Fish orientated at right angles 
to the current m ay curve tow ards the anode (Lamarque 1967). Studies d te d  in La- 
m arque (1967) suggest that flatfish do not exhibit this reaction -  they sim ply flatten 
them-selves against the bottom  of the tank.

The state of electronarcosis is described by McK. Bary (1956) as "......... respiratory
m ovem ents cease, the opercula flare w idely and the fish becomes rigid then sinks". 
Lam arque (1967) describes further subdivisions of the response of fish to electrical 
stimuli and discusses the physiological explanations for these observations.

The characteristics of the electric field has an im portant bearing upon  the m agnitude 
and type of the response observed. Pulsed DC was found to elicit responses at lower 
field strengths; thus this is considered to be the best stim ulus for electric fishing. 
However, Lam arque (1967) points out that certain reactions are missing for inter­
rup ted  current, and suggests that in terrupted current affects spinal or m edullary 
structures only.
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McK. Bary (1956) found that larger fish required increased potential differences along 
their bodies to induce responses to electrical stimuli. However, for the different types 
of responses the gradient of response w ith  length was sloped differently. The gradi­
ent for the potential required for m inim um  response w ith length was considerably 
less steep than  for electrotaxis or electronarcosis.

Stewart (1975) using McK. Bary's results show ed that for a given field strength larger 
fish show ed a greater potential difference from  snout to tail. Thus larger fish are 
likely to exhibit an increased response to a given electric field. He advocates defining 
reaction thresholds in  term s of the electric field strength (V/m) and not the voltage 
(V) over the fish in  non-uniform s fields. However, because the gradient of potential 
difference w ith length required  to elicit a response differs for the three types of re­
sponses; it is m inim al for the m inim um  response, increasing for electrotaxis and elec­
tronarcosis, the effects of the length of fish are likely to be different dependent upon 
the type of response being induced. This has implications for changes in  selectivity 
during electrofishing; potential gradients sufficient for inducing 'm inim um  re­
sponses' m ay not affect the selectivity of the gear, as m uch as the higher potential 
gradients w hich induce electrotaxis or electronarcosis.

Figure 7. The effect of length of m ullet on the potential difference betw een nose and tail required 
to induce electrotaxis (et) and the m inim um  response (mr); et 240 et 2000: electrotaxis at pulse 
duration of 240 and 1000 ps respectively; et d.c.: electrotaxis w ith d.c.; mr d.c. + , mr d.c. m ini­
m um response w ith d.c. + and d.c. -  respectively; mr a.c.: m inim um  response w ith  a.c. From Mck. 
Bary, 1956.
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Figure 8. The effect of length of m ullet on the potential difference betw een nose and tail required 
to induce electronarcosis w hen using pulse DC at pulse durations betw een 83 and 2000 ps and 
also using DC and AC. The pulse duration in  ps is show n on the appropriate line. From Mck. 
Bary, 1956.

Crustacea

Stewart (1972) describes a num ber of laboratory experim ents w here Nephrops 
norvegicus w ere induced to em erge from  their burrow s under laboratory conditions 
as a result of the application of pulsed DC. He considers that the field strength used 
in the experim ent could be realistically induced in the m outh of the trawl. However, 
field observations d id  not e lid t the same response (Baker, 1973).

White Fish A uthority and Seafish Experiments 1976-1986

Research on eledrical stim ulation was carried out by WFA/Seafish over the period 
1976-1986 and reported  in the ALTSTIM-project (van M arlen et al., 1997).

The initial experim ents w ere carried out on beam  trawls; these results indicated that 
towing speeds should be reduced from  4—5 knots to 3-3.5 knots (Field Reports FR 556 
and 557). Investigations were initiated into the use of electrical arrays on otter traw ls 
(FR 945).

The next sets of experim ents were designed to establish the optim um  electrode and 
electrical characteristics. They consisted of field observations of resistivity in  order to 
establish field strength, and laboratory observations of the effect of pulsed electric 
fields at 4Hz, an im pulse of 1ms and estim ated field strength of 150V/m on flatfish 
(Dover sole and turbot). These param eters proved adequate to e lid t m inim um  re­
sponse from  Dover sole causing them  to lift upw ards off the seabed.

These e ledric  field characteristics were achieved in  experim ents carried out from  
1979 onw ards. Later experim ents on beam  traw ls solved a num ber of technical prob­
lems and tested various electrode configurations and materials. By late 1980 the sys­
tem  was developed to the point w here long-term  trials were contem plated. The m ain
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benefit was found to be in fuel saving for a similar catch per effort due to the reduced 
towing speeds and in  reduced towing load required for electric fishing. H ow ever the 
reduction in  the relative cost of fuel during the early 1980s rendered these savings 
less attractive than  at the tim e w hen the research project was initiated so the w ork 
was discontinued ca. 1983.

The w ork on otter traw ls (FR 945 and 1004) carried out in parallel w ith the beam  
traw l experim ents proved m ore difficult because of the difficulty of m aintaining the 
gear in a consistent geometry. The fuel savings were less and a num ber of handling 
problem s were encountered so the otter traw l investigations were not considered to 
be as prom ising as the beam  traw ling studies.

Finally, there were investigations into inducing electronarcosis in roundfish (IR 1167) 
captured in otter trawls. This was based upon  the observation that roundfish catches 
were increased in  electrified beam  traw ls w ith catches from  conventionally rigged 
beam  trawls. In this case it was in tended to electrify the traw l floats in  otter traw ls in 
order to induce electronarcosis in  the m outh  of the trawl. The experim ents carried out 
on a test rig were curtailed before consistent results were obtained.

Environmental Effects

The potential environm ental effects of dem ersal fishing operations fall into a num ber 
of categories:

i ) Removal of target and non-target organism s through contact w ith and
capture by the gear.

ii ) Effects of the gear on the substratum  and benthos.

iii ) C onsum ption of fuel and discharge of waste.

iv ) Effect of lost gear and other litter.

V ) Effect of noise, light and other vessel activities.

In electric fishing there m ay also be the release of free ions of toxic metals from  the 
electrodes. Electrode m aterials are discussed by Stewart (1972).

Since the experim ents on electric fishing carried out by WFA and Seafish were orien­
tated  tow ards a reduction in  the consum ption of fuel per fish captured they only 
address this issue directly. H ow ever the results of the w ork m ay show  some prom ise 
in  reducing the extent of seabed contact and hence effect on the gear because a 
greater yield of fish is obtained per un it area. The intensity of environm ent effects on 
the benthos m ay also be reduced because tickler chains are removed.

No fish length m easurem ents were m ade in any of the WFA/Seafish studies, so these
results cannot confirm other experim ental and theoretical studies (McK. Bary 1956
and Stewart 1975) w hich indicate that larger fish are m ore susceptible to the effects of 
electric fields. H ow ever characteristics of the electric fields were adjusted to elicit a 
'm inim um  response' from  the target species. This response is the least influenced by 
the length of the fish (Section 6.4.2.1) com pared w ith  electrotaxis and electronarcosis, 
which w ould  require greater field strength. Thus at the field strengths used in these 
studies, benefits in term s of selectivity m ay be minimal.

Electric fishing was believed at the time to hold  the expectation of:

i ) Reducing the optim um  speed and w eight of traw ling gear if this in­
creases the yield per area fished. Then it could reduce the extent and in­
tensity of fishing im pact on the benthic environm ent per un it catch.

ii ) Reducing the fuel consum ption per unit catch.
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iii ) Possibly changing the selectivity of the gear by m aking the larger indi­
viduals m ore vulnerable to the gear, this w ould  require close examina­
tion of the physiological response of fish to electrical stimuli, in 
particular at the level of m inim um  response.

The next comments were m ade at the time: "H ow ever before these benefits can be 
realized there m ust be a clear view taken in the m anagem ent of the fishery to take 
these factors into account w hen m aking policy decisions. The research requirem ents; 
in term s of describing the im pact of the gear and its selectivity could then be derived 
from  this policy decision."

Further Work

It was concluded at the tim e that there is potential for further w ork in:

i ) A better analysis of yield changes available and optim ization of towing
speeds.

ii ) Some indication of the selectivity changes induced by electric trawling.

Work done in Germany as reported in the ALTSTIM report

The Institut für Fangtechnik, H am burg, started first activities in  the field of electrical 
fishing in  1965 w hen an electrified bottom  traw l was tested on FRV "Walther H er­
wig". The results of these investigations were not sufficient to justify further devel­
opm ent in the application of electrical fishing in  the distant w ater fishery and during 
the following years the institute concentrated on electrified small bottom  traw ls for 
the eel fishery in  G erm an freshw ater lakes.

To decrease the electric pow er consum ption a pulse generator was developed using 
condenser discharge pulses instead of continuous DC voltage for the electrified gear. 
Fishing trials in  three small freshw ater lakes in northern  Germ any (Wittensee, Ratze- 
burger See and Steinhuder Meer) proved the efficiency of the electrified bottom  
traw ls com pared to the traditional bottom  traw l gear. Catches of eel could be in­
creased by a factor 10-20. Nevertheless commercial application of the system failed 
due to the fact that there were no boats available w ith  sufficient engine pow er for 
trawling, and the local fishers preferred to stick to their traditional fishing gear e.g. 
baited pots and longlines.

Based on the know -how  obtained in  the freshw ater fishery the institute started the 
developm ent of an electrified beam  traw l for the Germ an inshore sole fishery in 1975 
to replace the heavy tickler chains by electrodes w ith the aim  of reducing the fuel 
consum ption of the fishing vessels and to decrease the destructive im pact of the gear 
to the seabed. The pulse generator designed for this purpose delivered pulses of a 
peak voltage of 82V, and a peak current of 1.95A at a frequency of 25Hz.

Com parative fishing trials w ith electrified and traditional beam  traw ls resulted in 
higher catches and im proved selectivity of the electrified gear not only w ith sole but 
also w ith plaice and cod.

During the following tests of the equipm ent the electric characteristics of the pulse 
generator were varied to find the optim um  of the configuration. A voltage of 110V 
and a current of 1.31A at every pair of electrodes w ith a pulse length of 0.51ms at a 
frequency of 25Hz proved to be m ost effective. An increase of catch (sole) in weight 
of 114% was obtained. At the same time the bycatch of benthic organism s and sand 
was reduced to almost 50%.
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In 1985 a m odified arrangem ent of electrodes and lower panel of the beam  traw l was 
investigated to get a uniform  electrical field in  front of the groundrope.

Research and developm ent in  the field of electrified beam  traw ls were term inated in 
1987 w hen the Germ an authorities were not prepared to allow electrical fishing on a 
commercial basis. Since then environm ental aspects have become m uch m ore im por­
tant in the sea fishery. Especially the destruction of the benthos by heavy tickler 
chains of beam  traw ls is considered as a m ajor disadvantage of this type of gear. 
From this point of view  a revival of electrified beam  traw ls seems possible.

Work done in Klaipeda (Lithuania) as reported in the ALTSTIM report

Electrical stim ulation was mainly investigated in  the institute in Klaipeda, Lithuania 
(Masimov and Toliusis, personal communication, 1996). Species under investigation 
were: Baltic cod, herring, flounder, rainbow  trout, shrim ps (Crangon crangon) and 
Japanese scallop. Anode electrotaxis was studied intensively in  pulsed  electric fields 
and under direct current (Daniulyte et ah, 1987; Sim onavidene, 1987; D aniulyte and 
Petrauskiene, 1987), as well as the effect of electric current on physiological param e­
ters (Vosyline, 1987), and on electrocardiogram m es and the heart rhy thm  of fish 
(Kazlauskiene and Daniulyte, 1987; Kazlauskiene, 1987). The three basic types of re- 
adion: first readion, electro-taxis, eledro-narcosis m entioned in the report of Lart 
and H orton were also identified by these workers. Spedes under investigation were 
Gadus morhua L. (cod), Clupea harengus L. (herring), and Pleuronectes platessa L. 
(plaice). The w ork started w ith observations on behaviour in  dependence of field 
charaderistics. Prototype eledrical equipm ent was built and tested on experim ental 
sea trips, ind u d in g  in  situ observations on fish. Applications in gears followed both 
in m idw ater (M alkevidus and Toliusis, 1987), and in  bottom  trawls, bu t not in beam  
traw ls that are unknow n in these parts of the Baltic Sea. C rangon were observed to 
jum p off-bottom, as reported  by m any other workers (Burba, 1987). In addition, an­
ode a ttrad ion  was used in sardinella fishery in  combination w ith  light attraction. In 
this application fish is pum ped on-board. The effect on other benthic m arine life was 
also extensively studied and reported  as being negligible, due to the sm aller sizes 
involved. It was also found that electric currents do not affed  rep rodud ive qualities. 
Plaice was observed to jum p out of the seabed and rise 1.5-2.0 m  off bottom  under 
the influence of the eledric field. The critical frequency for electro-narcosis was found 
to be around 80-100Hz. The reaction occurs m ainly 3-4 sec after exposure. Other 
frequencies lead to slower responses. Sinusoidal pulse shapes were found to be most 
effedive, and ways were found to optim ize the energy effidency of the puiser unit 
(M alkevidus and M alkevidus, 1987). It was also found that fish length determ ine 
readion, as larger fish experience a larger potential difference in an electric field 
(M aksimov et ah, 1987). The p ro d u d  of fish length * voltage for a given reaction was 
found to be constant, w hich m eans that larger anim als are m ore strongly affeded. 
Selective properties of the eledrified  gear were observed during experim ents on the 
Jamaican Shelf on grounds unsuitable for traw ling by using d ire d  observation tech­
niques. The pulse generators were placed on-board the vessel w ith  cables running to 
the net as in  m ost applications in  W estern Europe. Various electrode arrangem ents 
were tested w ith  the anode placed in  the low er panel and the cathode in  the upper 
panel, an arrangem ent not tried out in  beam  trawls. The optom otor reflex m entioned 
by W ardle was also observed by d ire d  observation in a pelagic trawl. A regim e of 7s 
exposure to the e ledric  field followed by a 60s unexposed interval at 100Hz resulted 
in all fish appearing in  the codend. W hen a school enters the trawl, the fish start to 
re ad  w hen the height of the sed ion  is about 4—6m. Then they begin to swim  along 
w ith the trawl, w hich can be m aintained for lengths of time depending on the towing
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speed. The electrode arrangem ent was chosen to elicit an upw ard  m ovem ent of the 
fish, w ith the anode placed above the cathode attached to the groundrope. The w ork­
ers believe that the traw l can be fished off-bottom thus avoiding any bottom  contact 
and related bycatch and m ortality of benthic organisms. This idea deserves more 
study.

Introduction into commercial fisheries d id  not take place, as in other countries, be­
cause of the following reasons:

• Fishers show ed lack of interest.

• The robustness of the system  was not adequate, leading to loss of fishing 
time.

Work done in India as reported in the ALTSTIM report

Sreekrishna (1995) reports on studies w ith electrical stim ulation in  India. In India, 
electrical fishing has been successfully applied on an experim ental basis. N am boodiri 
et al. (1969) studied  the effect of im pulse current on certain freshw ater fish. M itra and 
Biswas (1968) studied the threshold current densities required for narcosis of Indian 
carps in  captivity. H igher catch rates of praw ns and fish were reported  for an electri­
fied traw l by N am boodiri et al. (1970).

Studies from the USA

A classification of electro-receptors is given in 

Table 4 from  (Hopkins et ah, 1997)
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Table 4. Classification of electro-receptors in  fish.

Type Where Found Sensitivity Structure

Am pullary

Sharks and Rays; 
Non-teleost fish (except 
holosteans);
Certain teleosts (mormyrids, 
certain notopterus, gym noti- 
forms, catfish);
A m phibians (except frogs 
and toads).

0.01 pV /cm in 
m arine species, 
0.01 mV/cm in 

freshwater; sensi­
tive to DC fields or 
to frequencies less 
than 50 Hz

1  i

. . ; - i
bm. . rtf' v

.' j 'v

^  n 7

Tuberous

M orm yrid fish 
fKnollenorgans, Morrnv- 
romasts);
Gym notiform  fish (burst- 
duration coders, phase 
coders)

0.1 m V /an  to 10 
m V /an.

Figures m odified from  Szabo (1965). R.C. = receptor cell; b.m. = basem ent membrane; 
n  = nerve. The am pullary receptor has a jelly filled canal leading to the skin surface; 
the tuberous recepor has a loose plug of epithelial cells over the receptor organ.

Definitions of both types are given by (Hopkins et ah, 1997) as follows:

"A m pullary electroreceptors are m ost sensitive to D.C. electric fields. The receptors 
have an "am poule-shaped" canal that leads to the skin surface; the sensory cells lie at 
the base of the canal. A m pullary receptors are spontaneously active but m odulate the 
rate of nerve im pulses up  or dow n in response to positive or negative electric stimuli.

Tuberous electroreceptors are sensitive to AC stimuli w ith  frequencies above 100 Hz, 
bu t not to DC stimulation. They lack the canal to the surface. Instead, there is a loose 
plug of epithelial cells leading to the skin surface. The receptor cells lie buried  under 
the skin surface. The nerve im pulses are usually silent, bu t respond to electrical tran­
sients, such as the on or off of an electrical stimulus."
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Annex 7: Summary of pulse characteristics

Table 5. Overview of pulse characteristics used in electrofishing studies.

A uthor Y ear S pecies Length ran g e  
(cm )

C urren t
ty p e

Field, e lec ­
tro d e  spacing
( c m )

Pulse sh a p e Pulse am pli­
tu d e  (V), 
potential 
overfish 
(V /cm )

Pulse
d uration
(Ms)

Pulse
freq .
(Hz)

S tim ulation  
interval (s)

R est
interval
(s)

C om m ents

Mck. Bary 1956 B ass, flounder, 
m u l l e t

8 .6 -3 0 .2 DC, AC, 
pu lsed  DC

Uniform , 60 S h arp  rise, 
exponen tial 
d ecay  (trian -
g le)

0 -1 0 0  V/cm 8 3 -9 0 0 0 2 -6 0 0 5 30 , 60 Form ulae g iven fo r e lec tro tax is  
an d  e lec tronarcosis  depend ing  
on fish leng th , V /cm , Hz and
MS

P.A.M. S tew art 1977 p la ice, dab , 
f lounder, brill, 
lem on so le , 
d o v e r so le

Sm all (<  15) 
M edium (1 5 -  
25)
Large (> 2 5 )

Pulsed DC N on-uniform ,
100

Exponential
d ecay

4 0 -8 0 4 000 4 -4 0 1
con tinuous

1 S tro n g e r reac tions  above 
th re sh o ld  te ta n u s . More 
para lysis  > 20 Hz. T e tan u s  in 
san d ee ls  a t  40Hz. Ensis off 
bo ttom  a t  > 30  Hz. Shrim ps 
ju m p  a t 4  Hz. Roundfish show  
te ta n u s  o r  pu lsations. S tro n g er 
reac tio n s  in la rg e r fish.

De G root S .J. 
B oonstra , G.

1974
1977

Brown sh rim p 0 -6 Pulsed DC N on-uniform , C apacito r 
d isch a rg e  , 
Exponential 
d ecay

60 200 1 -5 0 C ontinuous, 1 
s  on an d  1 s  
off

De G root S .J. 
B oonstra , G.

1970 so le 1 5 -3 0 Pulsed DC 30 , 35 C apacito r 
d isch a rg e  , 
Exponential 
d ecay

2 .5 -6 0 700 1 -5 0 No effec t w as found  of th e  
te m p e ra tu re . Plaice, flounder, 
d ab , an d  brill su b jec ted  to  th e  
s a m e  s tim u lus  did n o t show  a 
sim ilar jum ping  behaviour, b u t 
w ere  m erely  para ly sed . O ptim ­
al w as 20 Hz fo r fla tfish.

M aksimov
Malkevicius

1987
1987

cod , herring , 
plaice

n /a Sinusoidal 8 0 -1 0 0 T he p roduct of fish leng th  * 
v o ltage  fo r a  g iven reaction  
w as found  to  b e  c o n s ta n t, 
which m e an s  th a t  la rger 
an im als  a re  m ore  strongly  
affec ted . T he critical frequency  
fo r e lec tro -na rcosis  w as found 
to  b e  a ro u n d  8 0 -100H z.

A gricola, s e e  also  
van  M arlen 1985

1979
1981
1982 
1985

so le , plaice 1 5 -5 0 Pulsed DC N on-uniform , 
050 , 75 , 100

C apacito r
d ischa rge

4 0 -1 5 0 C , 6 0 -  
100E
200C , 80E 
5 0 0 G ,1 0 0 0 C  
500G , 2000C , 
6 0 -6 0 0 E

600
3 4 0 ,7 0 0 ?  
300

2 -2 0
16
0 -2 5
2 0 -2 5

V oltage g e n e ra to r  G : con ­
d e n se rs  C : e lec tro d e s  E = 1 : 
0 .9  : 0 .41 .
O ptim um : 700V  C, 20 Hz, 
s q u a re  n e t u sed . Beam  leng th  
8m . Power: 2 * 18 .5  kW, to tal 
37 kW.
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A uthor Year S pecies Length range
(cm )

C urrent
type

Field, e lec ­
tro d e  spacing  
(cm )

Pulse sh ap e Pulse am pli­
tu d e  (V), 
potential 
overfish 
(V/cm )

Pulse
duration
(Ms)

Pulse
freq.
(Hz)

S tim ulation 
interval (s)

R est
interval
(s)

C om m ents

H orton, s e e  van 
M arlen 1985

1985 so le , plaice 1 5 -5 0 Pulsed DC N on-uniform ,
?

Sine w aves, 
V m ax=340V

267G DC?, 130 
V/m E

900 4 Beam  leng th  8m . Power: 2 * 
8 .5  kW, to tal 17 kW. Hydraulic 
pum ps fo r w inches: 3kW, adds 
up to  20kW.

Horn, s ee  van 
M arlen 1985

1985 so le , plaice 1 5 -5 0 Pulsed DC N on-uniform ,
175

C apacitor
d ischarge

110E 500 25 Beam  leng th  8m . Power: 2*? 
3 - 4  kW. T ransfo rm er on beam  
to  avoid electrical losses.

V andeB roucke, 
se e  van Marlen 
1985

1985 so le , plaice 1 5 -5 0 Pulsed DC N on-uniform ,
75

C apacitor
d ischarge

80 -120G ? 500 5 .8 , 10 con tinuous 
pu lse tra in

0 Beam  leng th  8m . Power: 
2*0 .45  kW.

Polet e ira /., 2005 2005 Brown shrim p 0 -6 Pulsed DC N on-uniform ,
50

C apacitor
d ischarge

230 -4 0 0 G ,
4 5 -2 0 0 E

4 0 0 -6 0 0 5 ; 1 -9 30 The pulse am p litude  w as th e  
m ost de term in ing  fac to r. A 
high te m p e ra tu re  resu lted  in a 
b e t te r  resp o n se  ov er th e  w hole 
pulse am p litude  ran g e  and  th e  
m axim um  w as reached  a t  a 
h igher am plitude. Beam length 
8m . Power: 2*? kW.

De H aan, 2011 , 
VB UK153

2011 so le , plaice 1 5 -5 0 Pulsed AC N on-uniform ,
32.5

C apacitor
d ischarqe

2 0 -5 7 E 1 5 0 -2 0 0 3 0 .6 -
4 0 -5 7 .5

Beam  leng th  12m .

De H aan, 2011 , 
VB TX 68

2011 so le , plaice 1 5 -5 0 Pulsed AC N on-uniform ,
42 .5

C apacitor
d ischarqe

2 2 -5 0 E 220 80 Beam  leng th  12m .

De H aan, 2011 , 
HFK TX36

2011 so le , plaice 1 5 -5 0 Pulsed AC N on-uniform ,
41 .5

C apacitor
d ischarge

3 0 -6 0 E 5 0 -3 8 0 3 0 - 4 5 -
8 0 -1 0 0 -
180

Beam  leng th  12m .
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Annex 8: Summary of report on razor clam fishery in UK Scotland

M ike Breen, Trevor H owell and Phil Copland, 2011. A report on electrical fish­
ing for razor clams (Ensis sp.) and its likely effects on the marine environment. 
Marine Scotland Science Report Volume 2 No 3, February 2011.

This report sum m arises inform ation relevant to electrical fishing for razor clams (En­
sis sp.) in  Scottish inshore w aters and considers how  the effects of this fishing m ethod 
on the target species and the w ider m arine environm ent should be evaluated. It also 
highlights health and safety concerns associated w ith  the fishing m ethod and makes 
recom m endations related to the m anagem ent of any fu ture fishery.

The inform ation in  the report has been assembled from  scientific publications, "grey" 
literature and anecdotal sources and is presented in five sections:

1 ) Biology and m anagem ent of the Ensis, sp. stocks in  Scotland;

2 ) Principles of m arine electrical fishing;

3 ) Effects of electrical fishing on m arine organism s and habitats;

4 ) Health and safety implications of electrical fishing operations; and

5 ) Future research requirem ents to assess the effects of electrical fishing for
Ensis on the m arine environm ent

These sections are sum m arised below:

1. Biology and  M a n ag e m en t  of the  Ensis, sp. Stocks in Scotland

Of the six UK species of m arine bivalve molluscs colloquially referred to as razor 
clams, two are of commercial im portance in  Scotland. These are the Pod Razor, Ensis 
siliqua (L, 1758), and the m ore common C urved Razor, Ensis arenatus (Jeffreys, 1865). 
Both are w idely distributed around the coast of Scotland and can be found in  dense 
beds in  areas w ith  some shelter from  wave action. A lthough both species are nor­
mally found from  the low er shore dow n to about 20 m  they have different habitat 
preferences w ith E. siliqua generally found in  fine sands and m uddy  sedim ents while 
E. arcuatus prefers more coarse-grained sediments. Ensis are filter-feeders and nor­
m ally lie vertically in  the sedim ent w ith tw o small siphons, through w hich they feed, 
visible on the sedim ent surface. A lthough they are capable of burrow ing rapidly 
w hen disturbed they are not confined to perm anent burrow s and relocate by crawl­
ing over the sedim ent or swimming.

In Scotland both  species can live in  excess of 20 years bu t E. siliqua is longer lived and 
grows to a larger m axim um  size, while E. arcuatus has m ore variable grow th rates. 
G row th also varies in  different locations and there is evidence that in  some areas 
male E. siliqua grow  at a faster rate and to a larger m axim um  size than  females from  
the same area. The sexes are separate in  both species and spaw ning generally takes 
place during spring or sum m er. The larvae are thought to have a pelagic phase last­
ing about a m onth  prior to settlement. Studies in  Scotland indicate that a substantial 
proportion of both species, bu t particularly E. siliqua, reach sexual m aturity  at sizes 
above 100 mm.

The commercial razor clam fisheiy in  Scotland em erged during the m id 1990s w ith 
reported  landings ranging betw een 40 -  220 tonnes until 2006, but then rose sharply 
to reach 718 tonnes in 2009 w ith a value of £1,754,000. Since 1997 betw een 14 and  27 
vessels a year have been involved in  the fishery. These are mainly small vessels (<10
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m), w ith hand  caught m ethods (mainly divers) dom inating the fishery. The sharp rise 
in landings since 2006 is thought to be related to the increasing use of illegal electrical 
fishing m ethods.

There is currently no limit on catch or effort in  the Scottish razor clam fishery. In Scot­
land current m anagem ent m easures relating to Ensis are: the EU m inim um  landing 
size (MLS) of 100 mm; some spatial restrictions on the use of mobile gears; and the 
requirem ent for all commercial fishing vessels to report w eight landed and the ICES 
statistical rectangle w here fishing took place. In response to the increase in illegal 
electrical fishing, changes to the vessel fishing licence relating to the carriage of elec­
trical equipm ent were introduced in  2010.

Concern over the sustainability of the fishery has been prom pted  by the m arked in­
crease in  landings allied to the use of electrical fishing methods. Because electrical 
fishing is illegal, reliable inform ation on the im pact of the m ethod on target and non­
target species, on gear selectivity and incidental m ortality is scarce. The illegal com­
ponent of the fishery com pounds the problem  of obtaining accurate fisheries data 
required to m anage the fishery. Since the expansion of the fishery, there have been no 
stock assessments of Ensis or surveys to provide inform ation on population dynam ­
ics, distribution of stocks and patterns of recruitm ent. Relative to other commercially 
im portant bivalves Ensis are long-lived, slow-growing, and attain sexual m aturity 
late in  life. Scottish studies indicate that substantial, bu t different, proportions of the 
tw o commercially exploited species reach sexual m aturity above the EU MLS of 100 
mm.

It is recom m ended that the effect on landings of recent initiatives to reduce illegal 
razor clam fishing activity should be closely monitored. Im proved inform ation on the 
state of the stocks is required. This w ould  be provided by stock surveys in conjunc­
tion w ith  m ore detailed logbook information. Scottish Inshore Fisheries Groups 
(IFGs) could facilitate the collection of m ore detailed (logbook) information. If land­
ings continue to rise, precautionary m easures to control harvesting m ay need to be 
introduced, until better inform ation on the state of the stocks is available. Ideally, 
future harvesting should be based on stock surveys and removals should be regu­
lated in  a precautionary manner. It is also recom m ended that the MLS is increased so 
that Ensis are not harvested before they reach sexual m aturity. A precautionary MLS 
of 130 m m  is suggested.

2. Principles of Marine Electrical Fishing

In simple terms, electrical fishing works by using electrical currents to produce a 
response in the target species, which either compromises the target's ability to evade 
capture or m akes it available for capture by stim ulating it to m ove into the path  of the 
fishing gear. The form  and dim ensions of the electric field generated in  the w ater 
(and underlying substrate) and its effect on the target will be dependent upon m any 
factors, including: the conductivity of the w ater (and substrate); the form  (AC, DC 
and/or pulsing) and strength of the electrical output; the location, orientation and 
construction of the electrodes; and the target species itself, its biology/physiology, 
size, proxim ity and orientation w ithin the electric field.

Electrical Fishing for Ensis in Scotland

Fishers are thought to have been using electrical fishing techniques in the Scottish 
razor fishery since 2004, and possibly earlier (McKenzie, pers. comm.). Because the 
practice is illegal, there is insufficient inform ation available to provide detailed de­
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scriptions of the gears typically used and electrical fields applied. Approxim ate de­
scriptions and insights into past and current practices have been obtained as a result 
of discussions w ith various agencies, including M arine Scotland Compliance (MSC), 
the H ealth and Safety Executive (HSE) Diving Inspectorate and Strathclyde Police. A 
m ore in-depth  study of these accounts and any confiscated equipm ent w ould  provide 
a valuable insight into the technologies used in this illegal fishing technique. O n the 
basis of inform ation available, it appears that intense electrical fields, em itted by elec­
trodes tow ed slowly across the seabed, stim ulate Ensis to tem porarily leave their bur­
rows. They are then collected m ost commonly by a diver following the fishing vessel, 
or alternatively by a dredge draw n across the surface of the seabed.

3. Effects of Electrical Fishing on Marine Organ isms  and  Habi tats

Based on the literature review, potentially detrim ental effects associated w ith  electri­
cal fishing for Ensis, were identified as:

• physical disruption and dam age of benthic habitats due to fishing activi­
ties;

• the release of pollutants (particularly metals, e.g. copper) from  electrolysis 
at the electrodes; and

• effects of electrical fields on Ensis and non-target species, including fish 
and epifauna and infaunal invertebrates).

The physical effects from  electrical fishing gears using divers are anticipated to be 
small, particularly com pared w ith  alternative fishing m ethods (e.g. hydraulic 
dredges). Direct com parison of electrical and other fishing m ethods, w ould  require 
some level of quantification of the im pact from  electrical gears, w hich is not possible 
at this time.

There is insufficient inform ation about the fishing m ethods to estim ate the m agnitude 
of any release of metal ions; the fate or effects of polluting metals are beyond the 
scope of this review. It is recom m ended that any future w ork should attem pt to esti­
m ate release rates of copper and other metals as a result of electrical fishing and, if 
significant, consider the fate and effects of these pollutants.

Possible effects of electricity on target and non-target species are considered in  the 
report in m ore detail. For each, the know n behavioural responses to electrical fields 
and the likely effects of that interaction, in  terms of injuries and resulting mortality, 
are considered. M ost studies focus on fish as they are the norm al target g roup for 
electrical fishing. The m ost dam aging forms of electrical current are AC and low  fre­
quency (<200Hz) pulsed (DC and AC) signals, w hile the least dam aging is a sm ooth 
DC current. Injuries m ost commonly observed in  fish include broken spines and in­
ternal bleeding. The m ain cause of fish m ortality is from  respiratory arrest, due to 
synaptic fatigue caused by overstim ulation of the autonom ic nervous system. Signifi­
cant mortalities have also been observed in  invertebrate species exposed to intense 
electrical fields, although the likely causes were unspecified.

Short term  direct effects of electrical fields on Ensis appear to be limited. This is in­
ferred by the fact the catch is generally exported live and supported  by observations 
that m ost Ensis specimens, if left on the seabed, typically rebury themselves w ithin 
ten m inutes. However, any exposed individuals left on the seabed (i.e. discarded) are 
at increased risk of predation.

Electric fields, of the required  intensity to catch Ensis, are thought to be sufficient to 
injure and kill fish and invertebrates that are w ithin a few meters of the electrodes.
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The fished areas m ay be exposed to potentially high intensity electrical fields for rela­
tively prolonged periods, typically betw een one and tw o m inutes. This w ould  sug­
gest that this fishery could have a detrim ental effect on non-target organism s at a 
local level. However, m ore inform ation about electrical field strengths and form, as 
well as know ledge of the effects on exposed species, is needed before spatial limits 
can be defined w ith  any degree of certainty. The geographical scale of any such ef­
fects will be determ ined by the distribution of Ensis. The capacity for recovery from 
and/or m itigation of any deleterious effects at a species and habitat level could not be 
review ed due to the lack of available information, bu t w ould  need to be determ ined 
in an appropriately designed im pact study.

Health and  Safety Implications of Electrical Fishing Opera t ions

Electric fishing for Ensis sp. is considerably m ore hazardous than  traditional fishing 
techniques. In addition to the risks and hazards associated w ith fishing from  small 
inshore boats, the m ost common technique involves diving and the use of high pow er 
electrical currents and is not regulated. U nder these circumstances, the likelihood of 
serious injury or fatalities is considerably increased. Of particular concern is the clan­
destine and ad hoc approach to the developm ent of the electrical fishing technology. 
W ithout sufficient expertise in  m arine electrical systems, poor design and m ainte­
nance of the equipm ent are likely to increase the risk of injury and fatalities still fu r­
ther.

Codes of safe w orking practice already exist for the use of electrical fishing tech­
niques for scientific purposes in  freshwater. The theories behind the safe use of div­
ing around electrical fields and relevant guidelines from  the Health and Safety 
Executive are reviewed. It is thought that w ith  suitable expert inpu t these could be 
adapted and applied to commercial electrical fishing operations at sea. It is recom­
m ended that before any experim ental or observational research is undertaken a code 
of safe working practice should be developed. It is further recom m ended that if this 
fishery were to be allowed to operate legitimately, an education program m e should 
be established (in partnership  w ith the HSE) to prom ote the resulting code of safe 
working practice w ithin the fishery itself.

Future Research Requirements to Assess the  Effects of Electrical Fishing 
for Ensis on the  Marine Environment

Future research requirem ents for assessing the effects of razor clam electro-fishing on 
the m arine environm ent w ere considered by a m ultidisciplinary expert group. The 
g roup identified six priority research areas and key research goals w ithin each that 
w ould  need to be addressed:

1 ) Determ ine safe limits and w orking practices for the health and safety of
operatives and researchers working w ith electrical fishing gears:

a ) A com prehensive review  of the m ethods and practices utilized in elec­
tro-fishing for shellfish;

b ) Direct guidance on safe limits and practices; and

c ) W here there is insufficient know ledge to provide and/or substantiate 
this advice, directed research should be undertaken to define appro­
priate safe limits and best practice.

2 ) Describe the effects of an electrical field on Ensis:

a ) Establish w hat stim ulus Ensis is responding to;
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b ) Describe the electrical conductivity (and/or resistance) of the sub­
strates (sediments) populated  by Ensis;

c ) Establish the thresholds (in term s of electrical field strength: V/m, 
A/m 2 and W /m3) to w hich Ensis will respond; and

d ) Establish the detrim ental effects of the electrical fields on Ensis and 
define the associated thresholds (in term s of electrical field strength: 
V/m, A/m 2 and W /m 3).

3 ) Describe the technologies and m ethods currently used to fish for Ensis us­
ing electricity, in term s of:

a ) The technologies used by this fishery;

b ) The electrical field generated by these technologies; and

c ) The m ethods used to operate this technology and collect the resultant 
Ensis catch.

4 ) Evaluate the environm ental im pact of present electrical fishing practices
and available alternative techniques;

a ) Assess the direct effects of electrical fields on the species assemblages 
and habitats associated w ith Ensis; 

b ) Estimate the likely output of copper (or other metal pollutants) re­
leased through electrolysis at the electrodes; 

c ) Assess the direct effects of physical disturbance on the species assem­
blages and habitats associated w ith  Ensis; and 

d  ) Assess the indirect, cum ulative/additive effects and the likely post 
im pact recovery.

5 ) Develop m itigation m easures to address any detrim ental effects of electri­
cal fishing -  design solutions to consider:

a ) The m ost appropriate form  and level of electrical power; 

b ) Safe design of the electrical delivery system;

c ) The m ost appropriate design of electrode for efficient delivery of elec­
trical power, w ith m inim al risk to the operator/diver and ecosystem; 

d  ) Inclusion of shielding to focus the electrical field into the seabed, to 
protect the diver and biota above the seabed; 

e ) A ppropriate mechanical design and operating practices to m inimize 
physical impacts;

f ) Recommendations for safe working practices (see Priority 1); and

g ) Suitable m onitoring systems to ensure compliance w ith recom ­
m ended safe working practices.

6 ) Develop understanding of the biology and population dynam ics of Ensis to
ensure the sustainability of the fishery:

a ) Im prove understanding of the biology of Ensis sp., in  particular: 
growth, reproduction, recruitm ent, m ortality and habitat;

b ) Describe the distribution of Ensis using stock surveys and logbooks; 

c ) Research population dynam ics by gathering data on age structure, 
length frequency distributions for different populations, accurate 
landings data, gear selectivity and discarding practices;

d  ) Assess the im pact of fishing on target and non-target species (4a 
above); and
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e ) Develop survey m ethods for Ensis and sustainable harvesting strate­
gies.
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Annex 9: "Once again  about electrofishing" by Sarunas Toliusis

The Laboratory of electrofishing was founded in 1958 in  Klaipeda, Lithuania. Its p u r­
pose was to develop electrofishing m ethods for practical use in  m arine fisheries. The 
research activities took place during several years and resulted in  an exhaustive theo­
retical fram ework and m any experim ents were conducted.

The m ain param eters of the electric stimuli (e.g. pulse duration, pulse form, pulse 
frequency, electric field strength and duration of their effect) were determ ined by 
extended biological laboratory experiments. C orresponding reactions, i.e. prim ary, 
anodic electrotaxis and electronarcosis, of various industrial sea fish species were 
found.

The w ork of m any years in  our laboratory cooperating w ith  other institutes in  the 
form er USSR-region was com pleted w ith creating an electric traw l system  that en­
abled electrical stim ulation in bottom  and pelagic trawls. The expectations of electri­
cal stim ulation in  these traw ls were met w ith good results. However, because an 
official scientifically grounded  point of view particularly on ecological consequences 
of this new  application in m arine fisheiy was lacking, we were obliged to carry out 
complex tests during m any years on m arine biota under differing doses of electricity. 
The results of these scientific investigations allow ed us to appraise the consequences 
of applying electrical stim ulation and to answ er the question of m eans of using elec­
tric fields in fishing gears.

The last aspect of this problem  is especially im portant because m any countries do not 
allow the use of electrical fisheiy in their waters to avoid adverse effects on the m a­
rine environm ent. In fact, the effect of electric currents can differ, and they depend on 
the strength of the electrical field, the size of m arine biota and the period during 
which m arine biota are affected by the electric current.

The Institute of Zoology and Parasitology of the L ithuanian Academ y of Science co­
operated w ith our laboratory and carried out tests during m any years (about 20) on 
the possible effects of electric currents on m arine biota.

The researchers investigated effects on stages of reproduction, developm ent and life 
of fish, crustaceans and invertebrates of typical representative species. As a result, the 
limits of dangerous and save- electrical doses were determ ined for different fish spe­
cies during the exposure to different param eters of the stimulation. It allowed an 
analysis of the effects of electric fields in a traw l and to find out the dose limits result­
ing in danger to health of organism s w hen subjected to electric fields. This analysis 
show ed that the electric dose that m arine biota will receive in a traw l is m uch lower 
the dose that can be deem ed as dangerous. The dose levels of pulse currents bringing 
fish health in  danger were determ ined as well as the effect of pulse current on differ­
ent functions of the organism.

Observations were carried out on fish behaviour in electric fields in specific fishing 
gear. For this purpose tow ed underw ater devices of an open type as well as an aqua­
plane were used. All visual observations were recorded by camera. At a later stage 
video techniques and a especially experim ental traw l sonar, designed and developed 
in 1985, were used for observation purposes.

Footage of underw ater observations enabled the choice of an optim al configuration of 
electrodes in a traw l and to establish the values of param eters of pulse current 
needed for capture w ith the regim e of operation.
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Based on these observations and param eter settings of particular electrode configura­
tions, and by using schematic solutions for pulse generators, theoretical analysis and 
practical calculations, high capacity experim ental pulse generators for industrial sea 
fishing were designed and developed. For energy transm ission a cable is used, w ith a 
length up  to 2000 m. By using pulse transform ers, pulses can be transm itted directly, 
and high energy losses avoided. A nother technique is to energy is to transm it energy 
through discharge condenser packages placed in underw ater containers, and in  this 
case the charging current is transferred by the cable.

The electrofishing m ethod was used in  practice in 2 applications:

1 ) For catching African sardinella not using traw lnets, bu t by light attraction,
applying an electric field, and pum ping fish up.

2 ) In electrified traw ls of larger fishing vessels:

• in  pelagic trawls;

• in bottom  trawls, which do not disturb the ecosystem of the bottom.

The possibility of selective fishing on cod and haddock em erged from  observations in 
an electrified bottom  trawl. Cod in  the electric current field show ed a m uch better 
anodic electro-taxis, rose high from  the bottom  and were easily caught in the trawl, 
w hereas haddock rose m ore slowly and d id  not get into the trawl. After increasing 
the distance betw een electrode - anode and the lower part of the trawl, haddock 
m anaged to go up  sufficiently high and were successfully caught.

W ith increasing distance betw een anode and the bottom, the electric field strength 
consequently decreases m aking it insufficient to evoke anodic electro-taxis reactions 
of small fish. In this way size selectivity is obtained as only big fish usually got into 
the trawl, w hilst small individuals are not caught.
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Table 1. Technical parameters of im pulse generators.

Param eters Units
Model 1984 with 
underw ate r discharging part

Model 1987  transfo rm er 
v a rian t

Max. power consumption kW 90 105

Amplitude of discharge current A 4,000... 6,000 7,000

Duration of impulse ms 1.5 1.5

Frequency Hz 100 75

Capacity of capacitor banks 700 3,600

Capacitor bank voltage V 1,100 830

Max. voltage at the beginning

of the cable V 1,700 11,000

Mass of underwater part kg 100 2x35

Mass of side part kg 1,000 700

Length of cable m 2,000 2,000

In an electrified pelagic trawl, the electric field that was generated in the cri ti ca I zone 
of the traw l was used for electro-narcosis, and it enabled catching m ore fish in  less 
time. Seen from  underw ater observations, fish that got into the trawl, w hen having 
reached the critical traw l zone, reoriented and sw am  along w ith  the m oving net for a 
long time. W hen the electric current was switched on, fish became narcotized be­
tw een the electrodes fish and then were w ashed dow n by w ater flow into the codend, 
and after switching off the electric current, the em pty space betw een the electrodes 
was again filled up  w ith new  quantities of fish. By switching on and off the electric 
current in  cycles, large schools of mackerel and horse mackerel were successfully 
caught in  the Atlantic and the Pacific.

As a result the conclusion was draw n, that m oderate use of electric fields in  fishing 
gears does not injure m arine fauna, bu t can serve as an effective means for conserva­
tion of substrata during trawling, as the electrification of the traw l perm its to lift it to
0.5 -1.0 m  over the bottom  and to traw l w ithout touching it.

Despite the w ide range of investigations carried on the after-effects of electric fields 
on m arine biota, the psychological barrier has not been elim inated am ong various 
groups in  society that oppose the application of electric fields under natural condi­
tions. It is im portant to specify the thresholds of danger to health of electric fields and 
m ake sure that lower doses are used to lim it the effect on vital functions in  m arine 
biota. The internal response m echanism  of m arine biota to electric fields has not been 
entirely disclosed.

The analysis of experim ental - industrial electrofishing gear perform ance shows that 
its potential has not been fully exhausted by the results obtained.

Great prospects lie ahead concerning the developm ent of an electrified bottom  traw l 
not harm ful to the substrate of the seabed. It is com m on know ledge of how  large the 
dam age can be for bottom  organism s and spaw ners affected by the heavy com po­
nents of conventional traw l rigging. It w ould  be regrettable not to attem pt the pres­
ervation of bottom  ecosystems by using specially designed electrified bottom  trawls 
enabling the capture of bottom  fish while not having bottom  contact.
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The existence of such possibility m ay be proved by the results of fishing the bottom  
traw l designed for heavy grounds as well as by certain experience of fishers w ho use 
beam  traw ls for offshore fishing.

O ther advantages of electrified fishing gear are a higher selectivity as well as higher 
quality of the fish caught. Such electric fishing gear m ay be used on small fishing 
boats and enable an economic benefit particularly w hen any increase in fishing effort 
can be avoided.

The results of our biological research and experim ental w ork also show  the possibil­
ity of achieving a good result in using electrified shrim p trawls.

Unfortunately, due to m any reasons - economic, organizational, pursued  engineering 
policy and others, research and developm ent on using electrical stim ulation has been 
delayed.

There is some hope that the w ork will be resum ed in  the context of general progress 
of science and technology w ith  the application of new  methodological and theoretical 
techniques.
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Annex 10: Evaluation of effect of pulse trawling on cod catches and  
bycatches

The EU-project FISH/07/2007 LOT3 "Flatnose" dealt w ith  the im pact of plaice and 
sole gears on N orth  Sea fish stocks (Polet et al., 2010), The project gave an overview  of 
all relevant métiers, the status of fish stocks, and changes in the technology of fishing 
gears targeting plaice and sole. The effect of such changes was evaluated. The sec­
tions below  sum m arize the m ethods used and the m ain results of this evaluation.

The spatially explicit m odel given in (Piet et al., 2009) was used combining abundance 
data for all the m ain fish species in  the dem ersal N orth Sea fish com m unity w ith in­
ternational effort data and estimates of gear-, species-, and size-dependent catch effi­
ciency to determ ine the m ortality of non-target fish species caused by bottom  traw l 
fisheries and its spatial variation.

M étiers

A total of 73 métiers in dem ersal fisheries in  the N orth  Sea were used based on vessel 
type and length class, gear type, and m esh size range and grouped in  (Table 6):

• Table 6three vessel length classes: <24m; 24—40m; >40m

• eight fishing gear groups: GNS, GTR, OTB, OTT, OTX, PTB, SDN, TBB

• four m esh size groups: 80mm; 90mm; 100mm; 120mm

In the analysis the variable "m em ber state" was not kept and the different nationali­
ties were merged. This is because national m anagem ent m easures were not envisaged 
in  this study and only EU m easures were taken into account.

Fishing effort

Fishing effort data were collected from  the STECF database. The standard  unit to 
express effort in this project was "kW days". An alternative unit was "days at sea".

Data sources

i. STECF database 2006

Starting point was the m ethod presented by Piet et al. (2009). They used an on survey- 
catches based spatially explicit (by ICES-rectangle) estim ate of the total dem ersal fish 
com m unity (total num bers by species and length) (Fraser et ah, 2007). On top of these 
estimates of fish abundance a m odel was set using realistic effort of beam  traw lers 
and otter bottom  traw lers along w ith gear specific catchabilities. The m odel calculates 
spatial explicit catches (landings and discards) of the total dem ersal fish community.

In the Flatnose project, the m odel was extended to incorporate m ore métiers; the otter 
and beam  traw lers are split up  in  sm aller métiers, and static gears are included. The 
fishing effort of these m étiers comes from  the data collected in Flatnose. For the esti­
mate of the total fish abundance the same m ethod is used as in  Fraser et al. (2007), 
which is done using the haul by haul catches of the D utch Beam Trawl Survey 
(DBTS) and the International Bottom Trawl Survey (IBTS). As show n by Fraser et ah, 
2007, a certain num ber of hauls per ICES-rectangle is needed, therefore m ultiple years 
of survey data (2003-2006) were used to estim ate the total fish abundance. The sur­
vey catches of these years were com pared to the VPA ou tpu t of the same years based 
on the assessment reports of 2008 (ICES, 2008).
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This study focuses on three roundfish species: cod (Gadus morhua), haddock (M elano­
gram m us aeglefinus), and whiting (M erlangius m erlangus), and tw o flatfish species, 
plaice (Pleuronectes platessa) and sole (Solea solea).

For each of the m étiers data on m esh size specific codend selectivity was gathered 
and used in  the model. For the traw lnets a logistic curve is used to describe the rela­
tionship betw een the length of a fish and the proportion of fish entering the net that 
is retained in the codend (Casey, 1996). The values of L50 and L25 are the lengths 
(cm) at w hich 50 and 25%, respectively, of the fish entering the net are retained. L50 
and L25 are calculated from  the selection factor (SF) and selection range (SR), togeth­
er w ith  the m esh size M (cm) (Wileman, 1991; Wileman, 1992; W ileman et ah, 1996):

Besides the codend selectivity also factors for the efficiency of each individual gear 
were used. Those for the traw led gears were loosely based on the values in Piet et al. 
(2009, table 2). We started the m odelling w ith the values as in  Piet et ah, 2009, using 
the same values for the new  métiers. M odel param eters were tuned  for landings to 
m atch actual reported  accum ulated values from  the logbooks. For this purpose, the 
factors of gear efficiency w ere changed, w ithin reasonable limits. For example Piet et 
al reported  a footrope efficiency of 1 for the beam  trawlers, however, here w e assum e 
a lower efficiency for the lighter beam  traw l of 0.9 for the sm aller flatfish. In a similar 
way the other values are adjusted (Table 9). The values of the static gears are as­
sum ed based on best guess and slight adjustm ent ow ing to the tuning process.

D ata for SDN have not been m odelled. For the overall calculation of discards, SDN 
data have been taken from  M ethod 2 ({Polet, 2010 #455}).

In scenario 2a the m étiers Beamhp3 (vessel size >40m, m esh size range 80-90 mm) 
were replaced by pulse traw ls based on the catch efficiencies on plaice, sole and 
roundfish found in  2006. In scenario 2b Beamhp2 (vessel size 24—40m, m esh size 
range 80-90 mm) the m étiers were added  (Table 10, Table 11, Table 12).

A new  scenario was ru n  (scenario 2c) w ith pulse traw ling replacing standard  beam  
traw ling in the 24—40m (Beamhp2) and >40m (Beamhp3) m étiers of 80-90 m m  m esh 
size. N ew  gear efficiencies were given based on anectodal inform ation and proxis. 
The result is show n in Table 13 and seems to indicate that cod landings and discards 
will be reduced by introducing pulse traw ling in the beam  traw l fleet.

References

Casey, J. 1996. Estim ating Discards Using Selectivity Data: the Effects of Including Discard 
Data in Assessm ents of the Dem ersal Fisheries in the Irish Sea. J. N orthw . Atl. Fish. Sei., 
19: 91-102.

Fraser, H. M., Greenstreet, S. P. R., Piet, G. J. 2007. Taking account of catchability in groundfish 
survey trawls: im plications for estim ating dem ersal fish biomass. ICES Journal of M arine 
Science, Journal du  Conseil, 64:1800-1819.

He, P. 2003. Swim m ing behaviour of w inter flounder (Pleuronectes americanus) on natu ra l fish­
ing grounds as observed by an underw ater video camera. Fisheries Research, 60: 507-514.

ICES. 2008. Report of the W orking G roup on the Assessm ent of Dem ersal Stocks in the N orth 
Sea and Skagerrak (WGNSSK).

Piet, G. J., van Hal, R., Greenstreet, S. P. R. 2009. M odelling the direct im pact of bottom  
traw ling on the N orth Sea fish com m unity to derive estim ates of fishing m ortality  for non­
target fish species. ICES Journal of M arine Science, 66:14.

Polet, H., Tidd, A., Van Hal, R., M adsen, N., van M arlen, B., Soma, K., Depestele, J., Buisman, 
E., Solgaard Andersen, B., Piet, G.J., Catchpole, T. 2010. Scientific advice concerning the



SGELECTRA R e p o r t M a y  2 0 1 1

im pact of the gears used to catch plaice and sole in the N orth Sea. Final report of the open 
call for tenders FISF1/2007/7, studies and pilot projects for carrying out the common 
fisheries policy, European Com mission June 2010.

van Flelmond, A. T. M., and van Overzee, H. M. J. (2007) Discard sam pling of the Dutch beam  
traw l fleet in 2006. CVO Report 07.011. pp.

W ileman, D. 1991. C odend selectivity: An updated  review  of available data. EC Directorate 
General for Fisheries.

W ileman, D. 1992. C odend selectivity: updated  review  of available data.

W ileman, D. Ferro, R.S.T., Fonteyne, R., Millar, R.B. (Eds.), 1996. M anual of m ethods of 
m easuring the selectivity of tow ed fishing gears. ISSN 1017-6195. ICES Coop. Res. Rep. 
No. 215.

Tables

Table 6. Métiers used for North Sea fleet.

C o u n try  V e s s e l  ty p e V e s s e l  le n g th F is h in g  g e a r M e sh  s iz e

B B ea m  Trawl <24 OTX 7 0 -8 9

TBB 80

120

>24 OTX 7 0 -8 9

TBB 80

100

120

D em e rsa l Trawl >24 OTX 7 0 -8 9

S ta tic  G e a r <24 G TR 9 0 -1 0 0

D B ea m  Trawl >24 TBB > = 120_0

9 0 - 1 19_

D em e rsa l s e in e <24 SDN > = 120_0

9 0 - 1 19_

D em e rsa l Trawl <24 OTB > = 120_0

7 0 -8 9 _ 0

9 0 - 1 19_

>24 OTB > = 120_0

7 0 -8 9 _ 0

9 0 - 1 19_

O TT 9 0 - 1 19_

S ta tic  G e a r <18 G NS 1 0 0 -1 1 9

1 2 0 -2 1 9

9 0 -9 9 _ 0

G TR 1 2 0 -2 1 9

>18 G NS 1 0 0 -1 1 9

1 2 0 -2 1 9

9 0 -9 9 _ 0

G TR 1 2 0 -2 1 9

NL B ea m  Trawl 1 2 -2 4 TBB >=120

70_89

9 0 _ 1 0 0

2 4 -4 0 TBB >=120
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C o u n try  V e s s e l  ty p e V e s s e l  le n g th F is h in g  g e a r M e sh  s iz e

70_89

9 0 _ 1 19

40-XX TBB >=120

70_89

9 0 _ 1 0 0

9 0 _ 1 19

D em e rsa l Trawl 1 2 -2 4 OTB 70_89

9 0 _ 1 0 0

9 0 _ 1 19

O TT 70_89

9 0 _ 1 0 0

2 4 -4 0 OTB 70_89

9 0 _ 1 0 0

9 0 _ 1 19

O TT 70_89

40-XX OTB 70_89

9 0 _ 1 19

O TT 70_89

S ta tic  G e a r 1 2 -2 4 G NS 10 0 _ 1 19

9 0 _ 9 9

UK B ea m  Trawl 40+ TBB 1 0 0 -1 1 9

120+

8 0 -9 9

1 8 -2 3 .9 9 TBB 8 0 -9 9

2 4 -3 9 .9 9 TBB 1 0 0 -1 1 9

120+

8 0 -9 9

D em e rsa l s e in e 1 8 -2 3 .9 9 SDN 1 0 0 -1 1 9

120+

D em e rsa l Trawl 40+ OTB 1 0 0 -1 1 9

8 0 -9 9

TBB 120+

8 0 -9 9

1 2 -1 7 .9 9 OTB 8 0 -9 9

PTB 8 0 -9 9

1 8 -2 3 .9 9 OTB 120+

8 0 -9 9

PTB 8 0 -9 9

2 4 -3 9 .9 9 OTB 1 0 0 -1 1 9

8 0 -9 9

PTB 1 0 0 -1 1 9
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Table 7. The different trawl métiers distinguished in  the model, w ith  the characteristics of the 
gear. Width and height are in  meters, speed is in  nautical m iles per hour and fishing day means 
the actual fishing hours per fishing day.

G ear Specification M odel nam e W idth Speed Height Fishing day

Beam trawl 12-24m BeamHpl 8 4 1 20

Beam trawl 24-40m BeamHp2 22 5.5 1 20

Beam trawl >40m BeamHp3 24 6.5 1 20

Beam trawl Belgium chain BeamHp4 22 5.3 1 20

Otter trawl OTB <24m OtterFishl 17 3.3 5 18

Otter trawl OTB >24m OtterFish2 40 4.5 5 18

Otter trawl OTT <24m OtterFish3 60 3.3 5 18

Otter trawl OTT >24m OtterFish4 90 3.3 5 18

Otter trawl OTX <24m OtterFish5 14 3 5 18

Otter trawl OTX >24m OtterFishó 30 3.5 5 18

Table 8. The different static métiers distinguished in  the model. N et length in  kilometers, surface 
is in  km2 and straight is the percentage of the nets set in  a straight line. It is assumed that about 
50% of GRT >18m are set around wrecks or other objects in  that case only half of the N et length is 
effectively used. The surface is calculated as an oval round the net w ith a radius of lOOmeter (the 
distance assumed the traveled by each fish in  an hour. This is freely interpreted from He (2003).

g e a r specification
Model
n am e N et length Surface % stra igh t Fishing day

Static GNS <18m Statl 20 4.031416 100 12

Static GNS >18m Stat2 28 4.231416 100 18

Static GRT <18m Stat3 14 2.831416 100 21

Static GRT >18m Stat4 19 2.881416 50 21
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Table 9. Overall factors for the gear efficiency. Start values were the data in  Piet e t al. (2009), w hich are adjusted by visually tuning the catches to the landings. For all otter trawl 
métiers the same values are used, w hich is also the case for all static gear métiers. F are the values for all other flatfish and R are the values for all other roundfish.

Sole Sole Plaice Plaice F F Cod Cod R R

gear specification small large small large small large small large small Large

Beam trawl 12-24m 0.684 0.76 0.684 0.76 0.684 0.76 0.19 0.19 0.19 0.152

Beam trawl 24-40m 0.342 0.4275 0.684 0.76 0.684 0.76 0.19 0.19 0.19 0.152

Beam trawl >40m 0.72675 0.95 0.72675 0.95 0.72675 0.95 0.25 0.25 0.19 0.152

Beam trawl Belgium chain 0.342 0.4275 0.72675 0.95 0.72675 0.95 0.25 0.25 0.19 0.152

Otter trawls 0.19 0.323 0.19 0.323 0.19 0.323 0.2166 0.55575 0.2166 0.55575

Static gears 0.35 0.35 0.14 0.14 0.14 0.14 0.2 0.2 0.5 0.5
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Table 10. List of scenarios w ith gear characteristics and catch efficiency multipliers used.

G ear C haracteristics Catch Efficiency M ultipliers

scenario description gear mesh width speed height fishing_day bPLE sPLE bSOL sSOL RF

0 baseline BeamHp2 80 22 5.5 1 20 1 1 1 1 1

BeamHp2 90 22 5.5 1 20 1 1 1 1 1

BeamHp2 100 22 5.5 1 20 1 1 1 1 1

BeamHp2 120 22 5.5 1 20 1 1 1 1 1

BeamHp3 80 24 6.5 1 20 1 1 1 1 1

BeamHp3 90 24 6.5 1 20 1 1 1 1 1

BeamHp3 100 24 6.5 1 20 1 1 1 1 1

BeamHp3 120 24 6.5 1 20 1 1 1 1 1

2a pulse trawl BeamHp3 (80-90) BeamHp2 80 22 5.5 1 20 1 1 1 1 1

BeamHp2 90 22 5.5 1 20 1 1 1 1 1

BeamHp2 100 22 5.5 1 20 1 1 1 1 1

BeamHp2 120 22 5.5 1 20 1 1 1 1 1

BeamHp3 80 24 5.5 1 20 0.6 1 1.1 0.778 1

BeamHp3 90 24 5.5 1 20 0.6 1 1.1 0.778 1

BeamHp3 100 24 6.5 1 20 1 1 1 1 1

BeamHp3 120 24 6.5 1 20 1 1 1 1 1

2b pulse trawl BeamHp2 and3 (80-90) BeamHp2 80 22 5.5 1 20 0.6 1 1.1 0.778 1

BeamHp2 90 22 5.5 1 20 0.6 1 1.1 0.778 1

BeamHp2 100 22 5.5 1 20 1 1 1 1 1

BeamHp2 120 22 5.5 1 20 1 1 1 1 1

BeamHp3 80 24 5.5 1 20 0.6 1 1.1 0.778 1

BeamHp3 90 24 5.5 1 20 0.6 1 1.1 0.778 1

BeamHp3 100 24 6.5 1 20 1 1 1 1 1

BeamHp3 120 24 6.5 1 20 1 1 1 1 1
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G ear C haracteristics Catch Efficiency M ultipliers

scenario description gear mesh width speed height fishing_day bPLE sPLE bSOL sSOL RF

2c pulse trawl BeamHp2 and 3 (80-90) BeamHp2 80 22 5.5 1 20 1 1 1.1 1 1

BeamHp2 90 22 5.5 1 20 1 1 1.1 1 1

BeamHp2 100 22 5.5 1 20 1 1 1 1 1

BeamHp2 120 22 5.5 1 20 1 1 1 1 1

BeamHp3 80 24 5.5 1 20 1 1 1.1 1 1

BeamHp3 90 24 5.5 1 20 1 1 1.1 1 1

BeamHp3 100 24 6.5 1 20 1 1 1 1 1

BeamHp3 120 24 6.5 1 20 1 1 1 1 1
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Table 11. Catches, landings, discards w ith percentage change for scenario 2a.

species g e a r catch landings discards % ch an g e  in catch % ch an g e  in landings % ch an g e  in discards

cod Beam -137,220,054 -101,910,164 -35,309,891 -7.3% -7.0% -8.8%

Otter 3,265,999 2,983,024 282,974 0.2% 0.2% 0.2%

Stat 5,964,491 5,792,432 172,060 0.6% 0.6% 0.8%

haddock Beam -53,625,667 -48,126,865 -5,498,801 -9.3% -10.2% -5.3%

Otter 588,958 569,249 19,710 0.0% 0.0% 0.0%

Stat 11,108 8,312 2,795 0.0% 0.0% 0.0%

plaice Beam -7,563,469,095 -4,952,483,402 -2,610,985,692 -11.1% -16.9% -6.7%

Otter 408,371,317 321,583,385 86,787,931 8.6% 10.9% 4.9%

Stat 383,792,876 290,257,309 93,535,568 6.7% 7.9% 4.5%

sole Beam 102,234,489 315,029,984 -212,795,495 1.1% 4.1% -10.6%

Otter -18,984,963 -20,303,313 1,318,350 -4.1% -5.9% 1.1%

Stat -32,627,980 -34,629,401 2,001,421 -5.6% -6.9% 2.6%

whiting Beam -335,668,609 -111,762,067 -223,906,541 -8.9% -9.3% -8.7%

Otter 2,006,160 902,873 1,103,288 0.2% 0.1% 0.4%

Stat 186,228 130,747 55,481 1.4% 1.9% 0.8%
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Table 12. Catches, landings, discards w ith percentage change for scenario 2b.

species g e a r catch landings discards % ch an g e  in catch % ch an g e  in landings % ch an g e  in discards

cod Beam -137,220,054 -101,910,164 -35,309,891 -7.3% -7.0% -8.8%

Otter 3,265,999 2,983,024 282,974 0.2% 0.2% 0.2%

Stat 5,964,491 5,792,432 172,060 0.6% 0.6% 0.8%

haddock Beam -53,625,667 -48,126,865 -5,498,801 -9.3% -10.2% -5.3%

Otter 588,958 569,249 19,710 0.0% 0.0% 0.0%

Stat 11,108 8,312 2,795 0.0% 0.0% 0.0%

plaice Beam -8,746,825,116 -5,995,241,383 -2,751,583,733 -12.8% -20.5% -7.1%

Otter 476,045,474 381,597,901 94,447,573 10.1% 12.9% 5.4%

Stat 413,490,248 315,060,650 98,429,599 7.2% 8.6% 4.8%

sole Beam -16,319,594 332,405,910 -348,725,504 -0.2% 4.3% -17.3%

Otter -19,593,963 -22,416,960 2,822,997 -4.3% -6.5% 2.4%

Stat -34,148,248 -37,154,255 3,006,007 -5.9% -7.4% 3.9%

whiting Beam -335,668,609 -111,762,067 -223,906,541 -8.9% -9.3% -8.7%

Otter 2,006,160 902,873 1,103,288 0.2% 0.1% 0.4%

Stat 186,228 130,747 55,481 1.4% 1.9% 0.8%
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Table 13. Catches, landings, discards w ith percentage change for scenario 2c.

species g e a r catch landings discards % ch an g e  in catch % ch an g e  in landings % ch an g e  in discards

cod Beam -137,220,054 -101,910,164 -35,309,891 -7.3% -7.0% -8.8%

Otter 3,265,999 2,983,024 282,974 0.2% 0.2% 0.2%

Stat 5,964,491 5,792,432 172,060 0.6% 0.6% 0.8%

haddock Beam -53,625,667 -48,126,865 -5,498,801 -9.3% -10.2% -5.3%

Otter 588,958 569,249 19,710 0.0% 0.0% 0.0%

Stat 11,108 8,312 2,795 0.0% 0.0% 0.0%

plaice Beam -3,540,993,870 -1,411,449,101 -2,129,544,769 -5.2% -4.8% -5.5%

Otter 150,003,512 93,481,500 56,522,013 3.2% 3.2% 3.2%

Stat 215,911,609 144,053,201 71,858,409 3.8% 3.9% 3.5%

sole Beam 330,562,832 413,474,062 -82,911,231 3.4% 5.4% -4.1%

Otter -22,799,121 -23,216,651 417,530 -5.0% -6.7% 0.4%

Stat -37,535,367 -38,145,874 610,508 -6.5% -7.6% 0.8%

whiting Beam -335,668,609 -111,762,067 -223,906,541 -8.9% -9.3% -8.7%

Otter 2,006,160 902,873 1,103,288 0.2% 0.1% 0.4%

Stat 186,228 130,747 55,481 1.4% 1.9% 0.8%
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Figures

Cod Had Piai Sole M ii i  Cod Had Piai Sole V M  Cod Had Piai Sole W ilt

Figure 9. Predicted estimates of landings and discards for the baseline (scenario 0) for the main  
commercial species for the three categories of gears. "Otter" = otter trawl, "Beam" = beam trawl, 
and "Stat" = static gear.
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Figure 10. Absolute size-specific removals by fishing (tonnes) in the baseline (scenario 0) of fish  
assigned to one of the four major groups of fish: (NT_R) non-target roundfish, (NT_F) non-target 
flatfish, (E) elasmobranchs, and (C) commercial species. Dots are model estimates per 1-cm class, 
and lines are derived from a loess smoother.


