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Objet: Vos plaintes CHAP(2017)03012 et CHAP(2019)02717 pour non-
respect par les Pays-Bas de la législation de l'UE en matière de pêche 
utilisant le courant électrique (règlement (CE) n° 850/98 remplacé 
par le règlement (UE) n° 2019/1241)  

 

Messieurs, 

 

Je me réfère à vos plaintes enregistrées sous les numéros mentionnés en objet. 

La plainte CHAP(2017)03012 porte sur le non-respect par les Pays-Bas de certaines 
dispositions en matière de pêche utilisant le courant électrique, prévues dans le règlement 
n° 850/98 du Conseil1. Comme vous le savez, ce règlement a été remplacé par le 
règlement (UE) n° 2019/12412 (ci-après « règlement mesures techniques »), qui est entré 
                                                 
1  Règlement (CE) nº 850/98 du Conseil du 30 mars 1998 visant à la conservation des ressources de 

pêche par le biais de mesures techniques de protection des juvéniles d'organismes marins (JO L 125 du 
27.04.1998 p. 0001 – 0036) 

2  Règlement (UE) n° 2019/1241 du Parlement européen et du Conseil du 20 juin 2019 relatif à la 
conservation des ressources halieutiques et à la protection des écosystèmes marins par des mesures 
techniques, modifiant les règlements (CE) n° 2019/2006 et (CE) n° 1224/2009 du Conseil et les 
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en vigueur le 14 août 2019. L’examen de cette plainte s’est dès lors poursuivi à la 
lumière des nouvelles dispositions du règlement mesures techniques. Étant donné que, 
par la suite, votre association a introduit une deuxième plainte (CHAP(2019)02717) 
portant sur le même sujet mais basée sur le nouveau règlement mesures techniques, 
l’analyse qui suit est donc pertinente pour les deux plaintes en question.      

Dans la plainte CHAP(2019)02717, vous estimez que les Pays-Bas ont manqué aux 
obligations prévues par le règlement mesures techniques, en particulier celles portant sur 
l’utilisation de chalut associé au courant électrique impulsionnel prévues à l’annexe V 
partie D et à l’article 25, 1°, point f) de ce règlement. 

Concrètement, vous estimez que le nombre d’autorisations délivrées par les Pays-Bas 
permettant l’utilisation de courant électrique impulsionnel dépasse la limite de 5% de la 
flotte de chalutiers à perche permise par l’annexe V partie D du règlement mesures 
techniques, étant donné que 5% de la flotte néerlandaise de chalutiers à perche 
correspondraient à 15 bateaux alors que les autorités des Pays-Bas ont délivré 22 
autorisations à ce titre. 

Par ailleurs, vous estimez que les 42 autorisations accordées par les autorités 
néerlandaises au titre de la recherche scientifique n’ont pas respecté les conditions 
prévues à l’article 25, 1°, point f) du règlement mesures techniques qui requiert la mise 
en place d’un protocole scientifique spécifique s’inscrivant dans un plan de recherche 
scientifique examiné et validé par le CIEM ou le CSTEP, ainsi qu’un système de suivi, 
de contrôle et d’évaluation approprié.  

Ainsi que nous avons eu l’occasion de vous informer dans notre courrier du 24 septembre 
20193, les questions que vous soulevez dans votre plainte concernent des sujets pour 
lesquels nous avions déjà ouvert une procédure EU Pilot (EUP(2019)9494) en vue de 
demander des informations complémentaires aux autorités néerlandaises. 

Suite à un échange approfondi avec les autorités concernées et à la lumière des 
informations détaillées recueillies dans le cadre de cette affaire, les services de la 
Commission sont en mesure de vous informer de ce qui suit : 

1 À l’heure actuelle, le nombre total d’autorisations de pêche délivrées par les 
Pays-Bas permettant l’utilisation de courant électrique impulsionnel n’est plus 
que de 22. 
  

2 Aucune autorisation au titre de la recherche scientifique au sens de l’article 
25, 1°, point f) du règlement mesures techniques n’est actuellement accordée 
par les Pays-Bas. 

 
3 Ainsi, les 22 autorisations de pêche actuellement accordées par les Pays-Bas 

ont été délivrées au titre de l’annexe V partie D du règlement mesures 
techniques, selon laquelle 5 % au maximum de la flotte de chalutiers à perche 
de chaque État membre a recours au chalut associé au courant électrique 
impulsionnel.  

Vu le nombre de chalutiers à perche actuellement enregistrés dans la flotte 
néerlandaise, les services de la Commission sont d’avis que cette règle 

                                                                                                                                                 
règlements (UE) n° 1380/2013, (UE) 2016/1139, (UE) 2018/973, (UE) 2019/472 et (UE) 2019/1022 
du Parlement européen et du Conseil, et abrogeant les règlements (CE) n° 894/97, (CE) n° 850/98, 
(CE) n° 2549/2000, (CE) n° 254/2002, (CE) n° 812/2004 et (CE) n° 2187/2005 du Conseil, JO L 198 
du 25.7.2019, p. 105. 

3  Lettre avec référence Ares(2019)5935902 
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implique pour les Pays-Bas que 15 chalutiers à perche au maximum peuvent 
simultanément utiliser le chalut associé au courant électrique impulsionnel. 
Dans ce contexte, nous avons obtenu les assurances nécessaires de la part de 
cet État membre qu’un système serait mis en œuvre incessamment, 
garantissant que pas plus de 15 chalutiers à perche utilisant le courant 
électrique impulsionnel ne seraient autorisés à opérer simultanément. Cela 
signifie que 7 chalutiers à perche ne seront pas autorisés à pêcher avec un 
chalut à impulsions électriques pendant des périodes données, dûment fixées 
dans leur autorisation de pêche respective. De l’avis des services de la 
Commission, ce système permettra de respecter pleinement la limite de 5% 
prévue à l’annexe V partie D du règlement mesures techniques. 

Les services de la Commission ont également demandé aux autorités 
néerlandaises de mettre en place les contrôles nécessaires afin de faire 
respecter les nouvelles exigences inscrites dans les autorisations de pêche, et 
de leur en faire rapport.  

En conséquence, au vu des mesures envisagées par les Pays-Bas et des assurances que 
nous avons obtenues de la part de ces autorités sur la mise en œuvre effective desdites 
mesures à court terme, nous considérons qu’il n’y a plus de motif pour poursuivre cette 
affaire.  

Dans ces circonstances, je souhaite vous informer que nous avons l'intention de classer 
vos plaintes mentionnées en objet. Toutefois, si vous disposez de nouvelles informations 
susceptibles d'être pertinentes pour le réexamen de votre dossier, je vous invite à prendre 
contact avec nous (MARE-CHAP@ec.europa.eu) dans un délai de quatre semaines à 
compter de la présente lettre, délai à l'issue duquel l'affaire pourrait être classée.  

Je vous prie d'agréer, Messieurs, l'expression de mes salutations distinguées. 

Valérie TANKINK 
Chef d’unité 

 

 

Signé par voie électronique le 29/07/2020 16:15 (UTC+02) conformément à l’article 4.2 (Validité des documents électroniques) de la décision 2004/563 de la Commission

mailto:MARE-CHAP@ec.europa.eu
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of pulse effort into areas with historical fishing effort from other fisheries, it is likely 
that there will be competition issues in these regions. 

6.11 Discussion 

The transition from traditional beam trawls to pulse trawls in the sole fishery has 
considerably improved the selectivity of the fishery. The landings efficiency for sole 
has increased by about 30%; assuming the effect on landed and discarded components 
of the catch has been the same, and the catch sorting process has remained constant, 
then this can be described as a 30% increase in catch efficiency. The landings efficiency 
for plaice has decreased by about 40%, this can be viewed as a 40% reduction in plaice 
catch efficiency assuming the discard rate and catch sorting has been constant.  The 
change in species selectivity is likely due to the difference in the cramp response 
between fish species. The pulse stimulus causes a cramp response that immobilises the 
fish, but only sole will bend in a U-shape which not only immobilises the fish but makes 
it also more accessible to the gear. The lower catch efficiency of the pulse trawl for 
plaice and other fish species is partly due to the lower towing speed (-22%), although 
it is also lower per unit swept area, suggesting that some of the immobilised fish will 
pass underneath the ground rope and will not be caught.  

The higher catch efficiency of the pulse trawl for sole implies that the sole quota can be 
caught in less fishing time than with the tradition beam trawl. Indeed the proportion 
of fishing effort with the pulse trawl fleet decreased by 9% between 2009 and 2017, 
while the fleet’s share of the Dutch quota increased by 27%.  

The higher catch efficiency for sole does not necessarily imply an increased risk of 
overexploitation because the sole fishery will be constrained by the sole quota. As the 
landing efficiency for other species is lower, one would expect that fishers will deploy 
the more efficient traditional beam trawl or twin trawl to target other species such as 
plaice, ! "#$%&#' or shrimps. Indeed, pulse licence holders did not all deploy the pulse 
trawl throughout the year but temporarily switched to other gear, such as large meshed 
traditional beam trawl or otter (twin) trawl, to target plaice, shrimp trawls to target 
shrimp, or otter (twin) trawl to target ! "#$%&#'.  

The available evidence on the size selectivity of the pulse trawl is inconclusive. The 
available comparative fishing experiments do not support the conclusion of van 
Marlen "()*+. (2014) that pulse trawls are less efficient in catching undersized sole and 
plaice. Nevertheless, we expect that the pulse trawl will catch less discards per unit of 
sole than the traditional beam trawl because of the difference in species selectivity. This 
inference is supported by the results of the discard monitoring. The discard monitoring 
results, however, cannot be considered to provide definitive proof as the difference in 
the discard catch rate between commercial trips will not only be affected by differences 
in selectivity but also by differences in the abundance and species composition on the 
fishing grounds.  

The analysis of the distribution patterns of the traditional beam trawl and the pulse 
trawl revealed that pulse trawl fishing has increased locally, such as in areas off the 
Thames estuary and along the Belgium coast. The change in spatial distribution is 
related to the lighter weight of the pulse trawl which can be used on softer grounds 
than the traditional beam trawl. The change in distribution, and the subsequent 
increase in fishing intensity in areas where beam trawling was rare, may have resulted 
in an increased competition with other fishers. This increased competition is supported 
by the analysis of the catch rate in the Belgium beam trawl fleet fishing in the western 
part of the southern North Sea. 
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Pulse trawl

Ecological impact of pulse trawling
The electric current released by the pulse can affect all
the fauna that come into contact with it; but these
effects differ according to conditions and species. 
The way in which fish, sharks, and benthos respond to 
pulse trawling varies from one species to another. 
The following effects have been studied in laboratories 
and/or at sea:
 
Seabed disturbance – the pulse trawl is lighter than the 
traditional beam trawl, so it does not penetrate as deeply 
into the seabed. In addition, as the fishing speed of pulse 
trawlers is slower, the trawled distance per hour is shorter 
and the overall fished surface is smaller.

Benthos – laboratory testing revealed that pulse trawling 
has only minor effects on the mortality of different benthic 
species. This may well explain why the direct morality 
rates for remaining benthos are lower after pulse trawling 
than after traditional beam trawling. Laboratory tests did, 
however, show that sandworms, crabs, and clams have 
reduced chances of survival after contact with an electric 
field similar to the one used in pulse trawling.

Cod with vertebral fractures – cod with vertebral 
fractures are not uncommon in pulse trawling. Laboratory 
tests also showed that the risk of vertebral fractures in 
adult cod is greater in pulse trawling.

Sharks and rays – very few effects have been 
ascertained so far for sharks and rays. A laboratory study 
indicated that cat sharks suffered no injuries from pulse 
trawling.
Possible effects on the electric sense of sharks and rays 
are currently being explored. 

Survival chances of plaice and sole discards – tests 
at sea have shown that pulse trawlers inflict less injury  
on the caught fish than traditional beam trawlers. The 
superior quality of the fish caught by pulse trawling might 
enhance the survival chances of plaice and sole. This 
theory is, however, still to be researched.

Sources
Quirijns, F.J., Strietman, W.J., Marlen, B. van, Rasenberg, 
M., 2013. Platvis pulsvisserij, Resultaten onderzoek en 
kennisleemtes. IMARES rapport C193/13.
Rasenberg, M., Van Overzee, H., Quirijns, F., Warmerdam, 
M., Van Os, B., Rink, G., 2013. Monitoring catches in the 
pulse fishery. IMARES rapport C122/13.
Taal, C., M.N.J. Turenhout, J.A.E. Oostenbrugge, 
R. Beukers en A.J. Klok, Visserij in cijfers 2013. Internet 
publication <www.visserijincijfers.nl>.

Contact

LEI Wageningen UR
B.W. Zaalmink
T +31 (0)320 29 35 30
E wim.zaalmink@wur.nl
I www.wageningenUR.nl/lei

The project “Kenniskringen visserij” is financed by the 
European Fisheries Fund – Investment in sustainable 
fisheries.

Pictures: Wouter Jan Strietman, Kees Taal, Floor Quirijns 
and ILVO.

Kenniskringen
Visserij
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Background
Since 2009, more and more Dutch fishers have been 
switching from traditional beam trawling to pulse trawling. 
Beam trawling works by dragging tickler chains across the 
seabed to startle the fish and make them leap into the 
net. The most commonly used pulse trawling techniques 
are pulskor (pulse trawl) and pulswing (pulse wing). Both 
are based on a system which emits short electric pulses 
on a part of the seabed. This makes the muscles of the 
fish contract, whereupon the fish detach from the seabed 
and land in the net. The energy requirements for pulse 
trawling are lower than for traditional beam trawling, 
because the equipment is lighter, the speed is slower, and 
resistance is weaker since there is less contact with the 
seabed. Less fuel is needed to operate the equipment, 
making the entire process more economical.

Pulse trawling, a relatively new technology, is raising 
many questions about sustainability and economic 
feasibility, and has led to a large body of research in 
recent decades. This factsheet summarises the latest 
information on catches, discards, ecosystem effects, 
and economic viability in relation to the use of pulse 
trawling in flatfish fishing.

Policy and dispensations
So far (as at 2014), the use of electricity for fishing has 
been banned in the EU (EU Regulation 850/98). Since 
2007, however, 5% of the beam trawl fleet of all Member 
States has had temporary dispensation in the southern 
North Sea. Accordingly, a few Dutch fishers have been 
using pulse technology since 2009. A part of the Dutch 
flatfish fleet currently have a dispensation; 42 vessels in 
2013. The Dutch flatfish sector was granted dispensation 
for another 42 vessels in 2014. Sector representatives 
do not expect all these dispensations granted in 2014 
to be used, given that the heavy investments involved 
in making the necessary adaptations to the vessels 
must first be shown to be financially feasible. Moreover, 
adequate sole quotas are needed, as larger quantities 
of sole are caught in pulse trawling. The sole quotas 
for the Netherlands are too low at present to allow all 
flatfish vessels to fish sole with pulse technology.

Pulse trawling compared with beam 
trawling
In 2012, fishing with pulse technique delivered better 
net results than fishing with the traditional beam trawl 
technique (Table 1): a net profit of 11 euros was realised 
for every 100 euros earned from pulse trawling, whereas 
a net loss of 7 euros was sustained for every 100 euros 
earned from beam trawling. The difference is explained by 
the fact that the total costs are lower for pulse trawling: 
though the costs of investment (depreciations) and 

equipment, and, above all, the catch-based pay for the 
crew were higher, the fuel costs were much lower, making 
for a better overall result.

�7�D�E�O�H���������,�Q�G�H�[���¿�J�X�U�H�V���I�R�U���E�H�D�P���D�Q�G���S�X�O�V�H���W�U�D�Z�O�L�Q�J���L�Q���W�H�U�P�V���R�I��

revenues, costs, and net result for 2012. Fishing with beam trawl 
technique makes a loss of 7 euros on every 100 euros earned, 
�Z�K�H�U�H�D�V���¿�V�K�L�Q�J���Z�L�W�K���S�X�O�V�H���W�U�D�Z�O���W�H�F�K�Q�L�T�X�H���P�D�N�H�V���D���S�U�R�¿�W���R�I���������H�X�U�R�V��

Wageningen URPulse Trawl

In 2012, fuel consumption was, on average, 45% lower 
in pulse trawling than in beam trawling. This is probably 
because in pulse trawling, the fishing speed is usually 
one nautical mile per hour slower, and the equipment
is lighter, causing less disturbance on the seabed.

In 2012, the net profit from pulse trawling was, on 
average, 578 euros per day-at-sea greater than 
from traditional beam trawling. Lower levels of fuel 
consumption resulting in lower fuel costs per day, 
plus the relatively higher yield in sole are largely 
responsible for this result.

Unwanted by-catch is lower for pulse trawling than for 
beam trawling (Table 2). Fewer undersized plaice are 
caught per hour and numbers of discarded benthos 
are lower.

Composition of the catch for pulse 
trawling
Fewer fish are caught with pulse trawling than with beam 
trawling (Table 2). The composition of the catch varies 
widely. The greatest difference is in the proportion of sole 
to plaice: in pulse trawling, sole accounts for 34% of the 
landings compared with 12% in beam trawling. Pulse 
technology therefore seems to be particularly suited to 
catching sole.

In 2012, 25 pulse trawlers, guided by IMARES, took 
samples of the composition of their catch for a year. Many 
differences emerged between vessels, seasons, and areas. 
According to the average scenario, 31% of the catch 
consists of landings, 10% of undersized plaice and sole, 
7% of miscellaneous fish discards, 18% of benthos, and 
34% of dead and inanimate material.

Table 2. Pulse technology compared with beam technology, 1,500 - 2,000 Hp. Figures are averages for 2012.

Sources: 
Quirijns et al�������������������L�Q�I�R�U�P�D�W�L�R�Q���R�Q���¿�V�K�L�Q�J���V�S�H�H�G�����D�Y�H�U�D�J�H���R�I�������V�K�L�S�V���I�R�U���S�X�O�V�H���W�U�D�Z�O�L�Q�J���������I�R�U���E�H�D�P���W�U�D�Z�O�L�Q�J����
Rasenberg et al., 2013, information on discards (average of 19 ships (>300 hp) for pulse trawling, 9 for beam trawling);
Taal et al�������������������L�Q�I�R�U�P�D�W�L�R�Q���R�Q���I�X�H�O���F�R�Q�V�X�P�S�W�L�R�Q�����O�D�Q�G�L�Q�J�V�����S�U�R�¿�W�����D�Q�G���F�D�W�F�K���F�R�P�S�R�V�L�W�L�R�Q�����D�Y�H�U�D�J�H���R�I���������V�K�L�S�V���I�R�U���S�X�O�V�H��
trawling and 10 for beam trawling across the whole of 2012).

Pulse trawling Beam trawling with chains

Fishing speed 5.5 nautical miles/hour 6.5 nautical miles/hour

Fuel consumption 4,100 litres/day-at-sea 7,400 litres/day-at-sea

�����������O�L�W�U�H�V���G�L�H�V�H�O���N�J���¿�V�K �����������O�L�W�U�H�V���G�L�H�V�H�O���N�J���¿�V�K

Landings �������������N�J���¿�V�K���G�D�\���D�W���V�H�D �������������N�J���¿�V�K���G�D�\���D�W���V�H�D

�5�H�W�X�U�Q�V���R�Q���¿�V�K 2.17 euros/litre diesel 1.23 euros/litre diesel

Composition of the catch

Plaice

Sole

Turbot/brill

Others

Discards Around 50% (63 kg/hour) of the total plaice 
catch and 12% (5 kg/hour) of the total sole 
catch is thrown back into the sea.

Less benthos is caught and discarded in 
�S�X�O�V�H���¿�V�K�L�Q�J���W�K�D�Q���L�Q���E�H�D�P���¿�V�K�L�Q�J���Z�L�W�K���W�L�F�N�O�H�U 
chains. For example, there was a sixfold 
�U�H�G�X�F�W�L�R�Q���L�Q���V�W�D�U�¿�V�K���D�Q�G���D���W�Z�R�I�R�O�G���U�H�G�X�F�W�L�R�Q 
in crabs.

Around 50% (87 kg/hour) of the total plaice catch 
and 17% (6 kg/hour) of the total sole catch is 
discarded. 

More benthos is caught and thrown back into the 
�V�H�D���L�Q���E�H�D�P���¿�V�K�L�Q�J���Z�L�W�K���W�L�F�N�O�H�U���F�K�D�L�Q�V���W�K�D�Q���L�Q���S�X�O�V�H��
�¿�V�K�L�Q�J��

Beam Pulse

Revenues 100 100

Costs 107 89

Net result   -7 11

Source: Taal et al., 2013  

43%

34%

7%

16%

68%

12%

5%

15%

Beam trawl.

Pulse trawl.
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MSC SUSTAINABLE FISHERIES CERTIFICATION

North Sea Brown Shrimp

Peer Review Draft Report

!"#$"%&'()*+

,%-."%-/'01%2 German Brown Shrimp Steering Group GbR; Danish Fishermen 

Producers' Organisation; Coöperatieve Visserij Organisatie (CVO)

,%-."%-/'3&2 451$%"'6"%7#-'89/

4$9:1%;2 !$<7"#'4//7;1#='>$/%$#'>"$/7"# =',"$<'?#".@"#
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Acoura Marine 
Public Comment Draft Report 
North Sea Brown Shrimp 

 

Page 35 of 326 
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Model simulations by Temming et al. suggested that the planned reduction in hours at sea to 
72 that is triggered by a fall below the first reference point may not be sufficient to recover 
cohort egg production to that of a normal year (the aim of such a reduction in effort) and 
recommended a reduction in hours of 30%.  Currently the Dutch fleet is restricted to 108 
hours per week because of the weekend closure, so reduction in permitted hours fishing to 
72 hours per week would represent a reduction of over 30%.  The Temming et al. study also 
noted that (as with all fisheries) LPUE values from individual vessels may increase over time 
�G�X�H���W�R���³�W�H�F�K�Q�R�O�R�J�L�F�D�O���F�U�H�H�S�´���W�K�Xs masking a stock decline.  The most obvious change in 
efficiency would be due to the introduction of electric pulse fishing which can increase 
efficiency by 50%, but this gear is currently prohibited in the shrimp fishery.  The study 
recommends maintaining an inventory of the fleet which is regularly updated to identify any 
changes in fishing gear which could increase efficiency, and therefore LPUE reference 
points could be revised if necessary.  The best solution to avoiding uncertainties due to 
technological creep would be to use a standardised reference fleet or survey for the 
monitoring of LPUE. 
 
In summary, the study of Temming et al. identified the main uncertainties within the 
application of the HCRs, and the system that was finally implemented takes into account 
those main uncertainties.  In addition, a study by Steenbergen et al. (2015) concluded that 
the HCRs should achieve their objectives but noted that reductions in fishing effort results 
inevitably in higher densities of shrimp and hence individuals will start to compete for food. In 
consequence, individuals may grow more slowly, take longer to reach commercial size and 
remain vulnerable to discarding for a longer time, and Steenbergen et al. warned that large 
within year reductions in fishing effort may have unexpected effects on the size composition 
of shrimps including discard rates. Despite the detailed investigations into performance of 
the HCRs, there were still some concerns raised by stakeholders during the site visit that not 
all uncertainties had been taken into account during the setting of LPUE reference points 
and the consequent HCRs. 
 
Firstly, the threshold level for triggering the HCRs was reduced from 75% to 70% of the 
LPUE reference values.  This occurred because the implementation of the new HCRs 
coincided with the increase in mesh size to 22mm which is expected to lead to a lower catch 
rate of marketable sized shrimps initially (see analysis by Günther, Hufnagl & Temming, 
2016) and hence it was necessary to reduce the threshold level at which the HCR would be 
triggered. In addition, the Temming et al. (2013) review had advised that the threshold levels 
should not be set too high such that the HCRs were triggered in years when there was a 
strong cohort of recruits, and recommended that threshold levels should be set below 75%. 
 
Secondly, there was some concern expressed about the suitability of using 2002 and 2007 
as reference years for setting the LPUE reference points.  Originally the reference levels 
were going to be set based on the 1990 LPUE levels as this was the lowest LPUE observed 
in the time series and the stock had demonstrably recovered from that level within two years.  
However, there was a lack of reliable and standardized monthly LPUE data for 1990 
(Clients, pers. comm.) and so more recent reliable data were used from a relatively poor 
year (2002) and a relatively good year (2007).  As the LPUE in both these years was 
substantially above that observed earlier in the times series (Figure 8), the reference LPUE 
levels were considered to be highly precautionary. 
 
Thirdly, during the site visit various stakeholders noted that a single LPUE reference point 
was used to cover the whole fishery including vessels from the Netherlands, Germany and 
Denmark, and that it would be more appropriate that variation in national fleets should be 
taken into account in setting reference points.  However analysis by Temming et al. (2013) 
showed that heterogeneity amongst the individual fleets of the Netherlands, Germany and 
Denmark is greater than that between the national fleets.  An analysis presented by Günther 
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We examine whether the landing rates of Belgian beam trawlers in the Southern Bight of the North Sea were affected through competitive
interactions with the Dutch beam trawler fleet and whether the development of a pulse trawler fleet has altered competitive interactions
between both fleets. Effects of competition were investigated through a natural experiment based on the different weekly exploitation patterns
of both fleets. Logbook data were used to fit a generalized additive mixed model for the daily landing rates of the target species sole (Solea solea)
and plaice (Pleuronectes platessa). Results showed that landing rates of sole by the Belgian beam trawlers (. 221 kW) from 2006 to 2013 were
lower during weekdays than during weekends when the Dutch trawler fleet is in harbour, while no such an effect was found for plaice. After
the development of a pulse trawler fleet in 2011, the negative weekday effect in the sole landing rates was much more pronounced in 2012 and
2013. This increased loss of efficiency during weekdays, as a result of increased competition with the Dutch trawler fleet, coincided with a
reallocation of fishing effort by the Belgian beam trawler fleet.

Keywords:fleet dynamics, interference competition, landings per unit effort, pulse trawling.

Introduction
Commercial fishers constantly innovate to remain economically
competitive and to increase the value of their catch, reduce operation-
al costs, aid navigation, and improve safety at sea (Valdemarsen, 2001;
Eigaard et al., 2014). Such innovations may occur suddenly, as
was observed when beam trawls were introduced in the Dutch flatfish
fishery in the early 1960s. In , 10 years, the demersal fishery changed
from an otter trawl fishery to a beam trawl fishery (Rijnsdorp et al.,
2008). The innovations often cause an increase in the catchabilities
of fish species and could arguably be one of the main reasons that
many of the world’s fisheries are suffering from declining resources
(Eigaard et al., 2014).

The social and economic dynamics of uptake of new technologies
are complex (Eigaard, 2009), and we often observe that the speed
of uptake is heterogeneous in fisheries. In the transition period,
where some parts of fishing fleets adopt new technologies while
others remain unchanged, the competitive dynamics among fleets

change. This change can cause knock-on effects in the fishery,
such as changes in fishing effort allocation.

In the North Sea, we have observed a sudden change in fishing
technology in one of the major demersal fisheries: the Dutch demer-
sal flatfish fishery. As a result of the increased pressure on the beam
trawler fishery (Soetaert et al., 2015), the EU in 2009 allowed the use
of the pulse trawl gear for part of the beam trawlers active in the
North Sea (EU, 2009). The major difference is that heavy tickler
chains are substituted by electrodes producing electric stimuli.
This results in a weight reduction and decline in fuel usage of ca.
50% compared with beam trawling (van Marlen et al., 2014).
Until 2013, the transition to pulse trawling occurred mainly in the
Dutch beam trawler fleet.

The development of a pulse trawler fleet is expected to alter
fishing tactics in the Dutch trawler fleet (Batsleer etal., 2016), poten-
tially resulting in increased spatial overlap with the beam trawler
fleet of neighbouring Belgium. In this paper, we examine the
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beginning of a trip, skippers search for local high densities of fish,
which explains the increasing trend in lpue. Once skippers have
located local hotspots of fish, an exploitation phase follows,
during which lpue is high. At the end of a trip, lpue tends to decrease
again, which may be a consequence of a local depletion of the
resources.

Seasonal patterns in soleandplaice lpuearerelated to thespawning–
feeding migrations of both species. Sole migrate in spring to spawn-
ing grounds in shallow coastal waters (Rijnsdorp etal., 1992). One of
these spawning grounds, the Thames estuary, is partially located
within our study area (ICES rectangle 32F1), which explains the
occurrence of a peak in sole lpue in April in this ICES rectangle. In
autumn, sole leaves the coastal areas and migrates to warmer, offshore
waters, coinciding with a peak in sole landing rates in October.
Compared with sole, the migration of plaice to and from spawning
areas occurs over longer distances, resulting in stronger seasonal vari-
ation in landing rates (Poos and Rijnsdorp, 2007). Mature plaice
migrate between spawning grounds in the south in winter and
feeding grounds in the north in summer and autumn (Houghton
and Harding, 1976). This migratory behaviour of plaice does not
correspond to the high landing rates of plaice observed in summer.
A possible explanation for the strong increase in plaice lpue in July
is the allocation of the national quota which is distributed several
times a year to individual vessels. Until June, Belgian beam trawlers
have a limited plaice quota in the North Sea. In July, quota is redistrib-
uted, whereby the individual plaice quota strongly increases. We hy-
pothesize that this affects the targeting and discard behaviour, which,
in turn, affects the observed seasonal lpue levels.

Competition
The weekday effect found in sole lpue suggests that competition is
related to the fishing activity of the Dutch trawler fleet. When

Figure5.Plot of the non-parametric seasonal effect [ f (month)rect] of the null model of plaice lpue. The grey shade represents the 95% confidence
interval.

Figure 6.Bar plot of the fitted values [Equation (3)] of sole lpue in
weekdays and weekends (engine power ¼ 900 kW; month ¼ January;
ICES rectangle ¼ 32F1; tripday ¼ 3). Years with a difference between
landing rates in weekdays and weekends are indicated with *
(p-value , 0.1) and ** (p-value , 0.05). Line plot of the annual effort
of the Dutch beam trawler fleet (pulse, chain, and total trawler fleet).

1491Competitive interactions between two Þshing ßeets
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Dutch trawlers fish from Monday to Thursday, sole landings of
Belgian beam trawlers are lower, while the opposite occurs when
the Dutch beam trawler activity drops from Friday to Sunday.
Since we did not examine the underlying mechanisms, there is no
unequivocal explanation for the occurrence of this weekday effect.
Nevertheless, the direct and reversible response of landing rates to
a change in fishing activity of the Dutch beam trawlers suggests
the occurrence of interference competition. However, the decreas-
ing trend from Monday to Thursday in the landing rates of sole,
which was also found in the Dutch beam trawler fleet (Rijnsdorp
et al., 2000b), suggests that local depletion of the sole fishing
grounds occurs as well (exploitative competition).

Inspection of the interaction effect of weekday and year did not
suggest a clear relationship between the development of the Dutch
pulse fleet and the reduction in lpue during weekdays in the
Belgian fleet. This could be the result of several confounding effects
that were not tested. Interannual variation in the distribution of
sole and plaice may alter the exploitation dynamics of both fleets
and their spatial overlap and thus competitive interactions between
the different years of analysis. Additionally, changes in external
factors such as fuel prices may affect fishing tactics and spatial inter-
actions between fishing vessels. Poos et al.(2012) showed that Dutch
beam trawlers fished closer to harbours in response to high fuel prices
in 2008. Additionally, the number of vessels participating in the
fishery may have affected the level of competition between both
fleets. Despite the development of the pulse trawl fleet in 2009, no
weekday effects were observed in 2009–2011. During these years,
nominal fishing effort of the pulse trawler fleet was much smaller
(Figure 6); moreover, fishers learned about optimal use of fishing
gear and characteristics of new fishing grounds, which may explain
the absence of the weekday effect (Rasenberg et al., 2013).

Landing rates of plaice were not characterized by a weekday effect
over the entire study period. This suggests no clear relationship
between landing rates of plaice and exploitation patterns of the
Dutch beam trawlers nor with the development of the pulse
trawler fleet.

Differences in the response of catchability of different fish species
to vessel density were also found in the experiment of Abrahams and
Healey (1993). Additional research about the underlying mechanis-
tic processes of interference competition, e.g. through experiments
with tagged fish species, potentially provides insights about the
observed differences in the response of sole and plaice catchability
to vessel density.

Since sole is the most important species, in terms of revenue in
this fishery, the absence of a weekday effect in plaice lpue may be
related to the fleet’s targeting behaviour for sole. Another possible
suggestion is that pulse trawlers catch less plaice than beam trawlers
(van Marlen et al., 2014), owing to a different response to the pulses
(Breen et al., 2011). This different response of both species might
induce a different level of interference competition and might
explain why plaice lpue is not affected by a change in vessel density.

The design of our study did not allow us to quantify the relation-
ship between vessel density and interference competition. Despite
this limitation, the relative decline in revenue per unit effort (rpue)
towards an increase in fishing effort during weekdays measured
in our study is similar to the decline in rpue found in studies by
Rijnsdorp et al.(2000a) and Poos and Rijnsdorp (2007). In those
studies, rpue, based on landings of the target species sole and
plaice, for a vessel with engine power of 2000 HP (ca. 1491 kW)
dropped by, respectively, 10 and 14% when vessel density increased.
In our study, in which sole accounts for 67% of the total landed

value, rpue declined by 11% (2012) and 9% (2013) for a vessel of
1200 kW. Despite the different set up in the vessel density experiment
in all of these studies, a similar response in revenue rates in response to
a change of vessel density was measured.

Spatio-temporal effort allocation of the Belgian beam
trawlers
Fishing effort allocation in the Belgian beam trawler fleet
(. 221 kW) in the Southern Bight showed strong variation during
the study period. The high effort allocation in the Southern Bight
in 2008 and 2009 is strongly related to the fuel price crisis at the
end of 2008. Fishers adapted their fishing strategies by reallocating
fishing effort closer to harbours to reduce steaming costs (Poos
et al., 2012; Bastardie et al., 2013). After the fuel price crisis,
fishing effort in the Southern Bight declined again. The Belgian
beam trawlers reallocated fishing effort to grounds outside the
North Sea and in the central part of the North Sea (ICES Division
IVb). Effort reduction in the Southern Bight occurred simultan-
eously with the development of the Dutch pulse trawlers in 2011.
We hypothesize that increased competition between both fleets
was an important driver of this effort reallocation.

Apart from spatial effort reallocation, a shift occurred in the
weekly exploitation patterns of the Belgian beam trawlers. Since
sole lpue was reduced during weekdays in 2012 and 2013, a larger
proportion of the fishing trips in the Southern Bight ended on
Sunday and Monday, while the share of fishing trips ending on
Friday and Saturday decreased. This shift can be understood from
the viewpoint of increased competition: the drop in sole lpue
through increased interference competition on Monday would
force more fishers to leave fishing grounds in the Southern Bight
and return to the harbour on Monday, while ending fishing trips
on Friday or Saturday would be less likely due to the higher
landing rates of sole on weekends, creating an incentive to continue
fishing.

Management implications
Competitive differences may have important consequences for both
the short- and long-term dynamics of the beam trawler fleet in
the North Sea. The occurrence of spatial segregation as a result of dif-
ferent competitive abilities of fishing vessels was observed in the
Dutch beam trawler fleet and the French demersal fleet. In studies
by Rijnsdorp et al.(2000a), Poos et al.(2010), and Girardin et al.
(2015), the occurrence of segregation among vessels was shown,
with higher prevalence of more powerful vessels on the best fishing
grounds. In contrast, less powerful vessels lost efficiency in the pres-
ence of stronger vessels and were more prevalent on poorer fishing
grounds (Rijnsdorp et al., 2000a, b). Because no Belgian trawlers
used the pulse during the study period, we could not analyse competi-
tive differences between beam and pulse trawlers.

This study provides an example of how different uptake of
new technologies in fisheries can affect the performance of a fleet
through changes in lpue as a result of competitive interactions.
Disregarding this may lead to misinterpretation of cpue trends and
bias stock estimates. Additionally, different adaptation speed of
fishing fleets towards new technologies can force fishers to adapt
fishing strategies and undermine effective fisheries management
when not expected.
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Acoustic alerting devices (ADD). Devices mounted on gillnets/trammel nets to scare marine mammals (e.g. dolphins) from 
the fishing gear. The next step towards red curve status will occur if smaller, more cost-effective ADDs are developed. 

 
Inputs Adequate funding has been available for development.  

Built on knowledge from research and know-how.  

Controls Aligned with informed consumer and retailer requirements to reduce marine mammal interactions.  

Solves technical contradictions relating to the core function of capture, increasing efficiency and reducing 
incidental bycatch, although increasing complexity.  

Aligned with business objectives and legislation. 

Means / Mecha-
nisms 

Technical teams are capable, although question marks over abilities to promote adoption.  

Using existing infrastructure and off-the-shelf core technologies adapted to a new purpose.  

Manufacturing capacity unknown. Methods appear to have further scope for development. 

Outputs Reduced incidental bycatch of vulnerable species (dolphins), improved catch value per trip. New know-
how / knowledge, with potential for considerable further product development. New businesses are profit-
able. Improved animal welfare with significantly low mortalities. 

!
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Pulse trawls. Pulse trawling has been identified as a potential means to improve selectivity. Startle pulses mitigate negative 
side effects on non-target species. It has been identified as a blue curve that needs a fundamental shift in the ability to control 
fishing, as it is in effect too good. The analysis suggests that they face one or more significant barriers that are currently 
preventing them from turning into a ‘red curve’. This does not mean that the innovation will not become successful innovations 
in future if they are able to address the barriers it currently faces. !"#$%&'&(#)#*+,)(-./01(2,34#56(,+(#$7(89:7 

 
Inputs High efficiency reduces fuel consumption per unit catch and reduces bycatch significantly.  

Investment appears forthcoming if allowed to proceed. 

Controls Consumer preferences unknown, but theoretically is aligned with low impact fishing.  

Legislation: pulse trawling was banned in the EU in 1998 due to concerns about the collateral impact 
(injury) to other benthic species, as well as the very high fishing efficiency. Partial exemptions to the EU 
ban were introduced in 2009, which has enabled further development of the gear and testing.  

High efficiency is in line with business objectives. 

Means / Mecha-
nisms 

Small number of people involved but with high technical skill.  

Question marks over business skills to manage the downsides of the technology.  

Gear appears well developed, as well as methods to achieve high efficiency, but lacking in surveillance 
techniques. 

Outputs New knowledge and Intellectual Property (IP) have been developed.  

High trawl efficiency = high profitability. Discards reduction proved in several scientific publications. Sig-
nificantly reduced benthic impact. Negative outputs are primarily due to ‘human error’ i.e. taking advantage 
of the exceptionally high technical efficiency.  

Legislators are likely fearful of reputation due to prior problematic implementations. 
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A B S T R A C T

In the 2000s, the Dutch beam trawl ! eet was in chronic de" cit and under pressure to reduce its environmental impact. Instead of converting to selective " shing gears,
it successfully lobbied the European Commission with the support of public authorities and scientists to obtain derogations against formal scienti " c advice to practice
a prohibited technique: electric trawling. Since then, electric trawling has expanded beyond regulatory threshold: 84 large trawlers now catch the vast majority of the
Dutch ! at" sh quota, causing detrimental socio-environmental impacts. To assess whether the European Union's" sheries policies ful" lled legal objectives and
implemented the 2030 Agenda, it appeared crucial to quantify how much public " nancial aid had been provided to the Dutch " shing sector for its conversion to
electric trawling. The " nancial information enabling this evaluation was " rst concealed but was eventually obtained. We show that the institutional opacity
surrounding electric trawling was not serendipitous and has served to dissimulate allocations of public monies to a prohibited " shing method (otter trawl), illegal
licenses, and falsely Ôscienti" cÕ" shing. In breach of EU laws, 20.8 million EUR of structural funds have so far been granted to this sector in the form of direct
subsidies, i.e. over 30 times the amount acknowledged by the " shing industry. The " ndings presented here lift part of the veil surrounding electric trawling, but the
complete reconstruction of the impacts of this " shing method can only be done when decision-makers and scientists disclose all data in full transparency and become
the warrants of the public interest.

1. Introduction

In the waters of the European Union (EU), electric trawling consists
in equipping regular beam trawls with electrodes emitting bipolar
currents (hence the Ôpulse " shingÕname used by its proponents). The
electrodes are meant to replace the usual metallic tickler chains of beam
trawlers. This technique was " rst tested by the Netherlands in the 1970s
[ 1], but was widely adopted by the Dutch " shing industry in the late
2000s, at a time when its beam trawl ! eet was chronically loss-making
[ 2] and under the threat of a full ban on beam trawling due to its de-
structiveness [3,4].

Although " shing with electric current was prohibited in EU waters
as of 1998 for the Òconservation of " shery resources through [É ] the
protection of juveniles Ó[ 5], Dutch lobbying proved e # cient and Òwith
some power play [they] got it in the regulation Ó[ 3] and mainstreamed
in the North Sea in just a few year. In late 2006, the European Com-
mission (referred to as Ôthe CommissionÕthroughout) proposed that
derogations be granted to use electricity in marine " sheries in the
southern part of the North Sea. The Commission alleged to scienti" c
guidance to justify its proposal but it later turned out that the Com-
mission's decision went against the explicit advice of its own Scienti " c
Technical and Economic Committee for Fisheries (STECF) [6,7]. This

proposal by the Commission was swiftly adopted by the Council of the
EU (referred to as ÔCouncilÕ throughout) in December 2006 [ 8].
Through sleight of hand, this authorization to practice a prohibited
" shing method came as a legislative rider through the ÔTotal Allowable
Catches (TACs) & quotas' regulation, i.e. the text that allocates" shing
opportunities to each Member State on a yearly basis. This covert trick
to grant derogations to a prohibited " shing method was renewed in
2007 [ 9] and again in 2008 [ 10], for the years 2008 and 2009 re-
spectively. As a result, the Netherlands used an exemption regime,
which was tailor-made for them, to grant 22 licences to their national
trawlers [ 7], but from the get-go, these derogations surpassed by three
vessels the legal limit arbitrarily proposed by the Commission ( Table 1).

An analysis by a former Commission's jurist has shown that EU in-
stitutions have then facilitated the expansion of electric trawling to full
commercial scale by a series of unjusti" able and opaque decisions [7]
when this technique should have been, at most, trialed under a strict
scienti" c protocol. In 2008, the Commission released a legislative
proposal to Òsimplify the Technical Measures RegulationÓ[ 11], which
was adopted by Council in 2009 just days before the Lisbon Treaty
came into force and imposed co-decision with the European Parliament
(referred to as Ôthe ParliamentÕthroughout) thereafter: Regulation (EC)
No 1288/2009 allowed electric trawling to continue until 20 June 2011
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under the name of Ôtransitional technical measuresÕ. These were pro-
longed until the end of 2012 thanks to Regulation (EU) No 579/2011,
which was adopted by the Parliament.

It was only in 2013 that the 1998 Regulation was amended to in-
clude the principle of derogations in the law, thus allowing Member
States to equip up to 5% of their beam trawl ! eets with electrodes
without requiring yearly exemptions [ 12]. However, the 5% exemption
threshold set forth in 2007 and incorporated in the Regulation in 2013
was insu# cient to convert the Dutch commercial ! eet of trawlers to
electricity. The Dutch government succeeded to obtain from Council Ñ
outside the normal legislative process Ñ that more exemptions be
granted in parallel: as a result, 20 additional licences were delivered for
Ôscienti" c researchÕin December 2010 [3], surpassing the 5% reg-
ulatory limit and bringing the total amount of licences to 42 (the jus-
ti " cation of the Council's decision and the legislative act are nowhere to
be found). Yet again, 42 licences were still not su# cient to satisfy all
Dutch " shers, so the Government sought other justi" cations to obtain
licences despite the Dutch beam trawl ! eet having already converted
12% of its vessels, i.e. over twice the legal threshold (Table 1).

In 2014, lobbying by the Netherlands to the Commission proved
e# cient: the European Maritime and Fisheries Fund's (EMFF) legisla-
tive proposal included the possibility to increase the legal threshold of
electric trawlers through the modernization of ! eets, but this measure
was removed by the Parliament's EMFF rapporteur [3]. Defeated by this
Parliament's decision, the Netherlands negotiated directly with the
Commission and Council a way to circumvent this decision and ob-
tained 42 additional derogations, under the guise of a Ôpilot project Õon
bycatch mitigation [ 13]. This last tactic brought the total number of
licences to 84, i.e. over " ve times the legal limit of 5% at that time
(Table 1).

If the Netherlands were to comply with the legal limit set by the
2013 Technical Measures Regulation, there would have beenÔonlyÕ14
Dutch electric trawl licences granted for 2018 ( Table 1). Instead, 84
large Dutch electric trawlers are now catching the overwhelming ma-
jority of the Dutch ! at" sh quota (see Supplementary material,
Appendix A). Around ten UK- and Germany-! agged vessels under Dutch
ownership are also equipped with electric trawlers [ 14]. On 1 February
2019, the services of the Commission acknowledged the illegal number
of derogations granted by the Netherlands and asked the College of
Commissioners to open a formal infringement procedure against that
country [ 15].

1.1. A controversial! shing method

As early as 2015, representatives from the small-scale" shing sector
Ñ accounting for 82% of the EU " shing units [ 16] Ñ raised their
concerns about the impacts of electric trawling on their livelihoods and
marine ecosystems, but the political reach of the Dutch industry proved
again so strong that in 2016, the Commission proposed to lift the ban
and thus deem electric trawling as a ÔconventionalÕmethod [ 17]. De-
spite ecological evidence that electric trawling has negative impacts on

marine ecosystems, the extent of the socio-economic impacts have
however yet to be assessed properly [18]. While many 'unknowns' re-
main, there are ample worrisome 'knowns'. Among others:

- Electric trawls remain bottom contact gear that are dragged along
the seabed and impact marine habitats. According to the latest re-
port published by the International Council for the Exploration of
the Sea (ICES), the average penetration depth of electric trawls was
estimated at 1.8 cm [18]. ICES further reported that Òthe electric
" eld can penetrate over 30 cm in the sediment which is potentially
an additional risk compared to the traditional beam trawl which
penetrate on average 4 cmÓ. ICES further stated that Òthe e$ects of
pulse exposure are not yet fully understood and the combined e$ects
have not been studied yet";

- Electric trawls are not selective. According to data compiled by
consultants and academics, electric trawlers discard 50Ð70 kg Ñ
including plaice ( Pleuronectes platessa), dab (Limanda limanda) and
sole (Solea solea) Ñ for 100 kg of " sh caught [19,20]. Importantly, it
appears that IMARESÑ the Dutch research institute that conducts
the vast majority of research on electric trawling Ñ has actively
supported the electric trawling industry by promoting cherry-picked
data or setting aside inconvenient results. This phenomenon clearly
appears in a video produced by the laboratory on " sh survival in
relation to the EU Ôlanding obligation Õ, in which it is stated that
Òaround 95% of the undersized " sh are alive immediately after
being caughtÓ. By doing so, they failed to provide the " nal results of
the study, which indicate that the survival rates of undersized " sh
are very low for the main species: 13% for brill, 14% for plaice, and
19% for sole [18]. Furthermore, electric trawlers appear to catch
more juvenile sole than regular beam trawlers, with 73 Ð81% more
discards of this species [18];

- The Dutch " shing industry has emphasized that electric trawling
allows fuel consumption to be reduced by half [ 21]. However, this is
only true in terms of overall consumption, not energy e # ciency
with regards to total catch. According to Dutch scientists, an electric
trawler still consumes 2.21 L of fuel per kilo of " sh caught, barely
less than a regular beam trawler (2.36 L/kg) [ 22]. Electric trawlers
have a reduced overall consumption of fuel because they reach their
quota faster for their most valuable target species, sole. This means
that they spend less time at sea and have improved their economic
returns [2.17 EUR/L for electric trawlers vs. 1.23 EUR/L for regular
trawlers; 22];

- The electric current used by electric trawlers, a Ôpulsed bipolar
currentÕ, is identical in nature to that used by Tasers© (electroshock
weapons) [23]. This type of current causes such violent, un-
controlled convulsions that 39 Ð70% of large Atlantic cod ( Gadus
morhua) are left with a fractured spine and internal bleeding after
the shock [24,25]. Recently, Òpreliminary results of 362 Atlantic cod
sampled on nine " shing trips made by six di$erent electric trawlers
using sole pulse indicated that in total 42.5% of the Atlantic cod
showed a spinal abnormalityÓ[ 18];

Table 1
Number of Dutch derogations over time compared to the legal limit set by Council Regulation (EC) No 41/2007 and then Regulation (EU) No 227/2013.

Year Number of derogations
granted

Legal limit (i.e. 5% of the
beam trawl ! eet)a

Comment

2007 22 19 (i.e. 3 illegal) According to the online EU Fleet Register ( http://ec.europa.eu/ " sheries/! eet/ ), there were 386 Dutch-
! agged beam trawlers active as of 1 January 2007.

2011 20 (total of 42) 17 (i.e. 25 illegal) According to the online EU Fleet Register ( http://ec.europa.eu/ " sheries/! eet/ ), there were 351 Dutch-
! agged beam trawlers active as of 1 January 2011.

2014 42 (total of 84) 16 (i.e. 68 illegal) According to the online EU Fleet Register ( http://ec.europa.eu/ " sheries/! eet/ ), there were 326 Dutch-
! agged beam trawlers active as of 1 January 2014.

2018 None (total of 84) 14 (i.e. 70 illegal) According to the EU Fleet Register ( http://ec.europa.eu/ " sheries/! eet), there were 322 Dutch-! agged
beam trawlers as of 1 January 2018. However, Dutch researchers reported an overall ! eet of 280 vessels
eligible to exemptions [ 11], hence the legal limit set to 14 derogations.

a The number of illegal derogations (i.e. total number of derogations minus legal limit) is provided in parentheses.
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- Since electric trawls are lighter than conventional beam trawls, they
can also operate in coastal areas that were previously inaccessible to
them. However, these areas are often reproduction zones or nur-
series for numerous marine species [18], where mostly low-impact,
small-scale" sheries were previously operating. In the southern part
of the North Sea Ñ particularly along the Belgian coast and o$ the
Thames EstuaryÑ landings of sole have increased by around 50%,
from 4000 tons landed in 2009 to more than 6000 tons in 2017 [ 18];

- There is currently little knowledge on the impact of electric current
on the development of early life stages. In 2018, ICES acknowledged
that Òthere is no information available on the survival of early life
history stages after exposure to the sole pulseÓ [ 18]. One study
looked at the impacts of electric current on eggs, larvae and young
juveniles of cod, but the experiment only tested Ôunipolar Õcurrent,
which is used for shrimp trawling and is relatively less damaging
than the Ôbipolar Õcurrent used for ! at" sh [26]. Even with these
unorthodox parameters, researchers found that the hatching rate
was reduced and that the survival rate had declined for two of the
four larval stages [27];

- Electric trawling involves introducing energy in the ecosystem,
which, in the EU, is de" ned asÔpollution Õaccording to the Directive
2006/11 [ 28]. Additionally, the electrolysis of saltwater may also
result in the formation of harmful chemical compounds such as
chlorine and caustic soda, as well as metallic compounds [29]. In
2018, ICES noted thatÒpossible chemical changes due to electrolysis
is also a subject of concern due to the potentially harmful substances
which may be released into marine habitatsÓ[ 18].

Besides these serious problems, ICES also stated in 2015 that the
Dutch government issuing 84 derogations with the support of the
Commission wasÒessentially permitting a commercial " shery under the
guise of scienti" c researchÓ [ 30]. Using science as a pretext, a de-
structive " shing method was thus authorized against the recurrent
advice of scientists. EU institutions have therefore been supporting a
" shing practice that is as questionable as Ôscienti" c whalingÕ. Even
Dutch scientists have publicly questioned the logic of the Dutch ! eet,
which clearly pursued pro " tability over sustainability [ 31]. As a result,
quality research is lacking since the " rst exemptions were granted at
the end of 2006, as evidenced by the work of a Dutch investigative
journalist [ 32]. When subsequently summoned by media to provide
explanations about the high number of derogations, Dutch Fisheries
Minister Carola Schouten recognized that there had been no research
plan. She blamed the Commission for that: Òwhen it became clear [in
2014] that our scienti " c research on pulse" shing had not yet begun,
the Commission approved a third round of exemptionsÓ[ 33].

1.2. Current state of play

In January 2018, the Parliament voted for a full ban on electric
" shing. In February 2019, the ensuing ÔTrilogueÕnegotiations (between
the Parliament, the Commission, and Council) agreed on i) a drastic
reduction of the number of derogations Ñ from currently 84 to a
number corresponding to 5% of the Dutch beam trawl ! eet (i.e. 14 as of
1 January 2018) Ñ and ii) on a full ban on 30 June 2021. While new
light was cast on the in! uence of a sectorial lobbying on public policies
as well as on the instrumentalization of science [7], the " nancial im-
plications of the development of electric trawling remained un-
quanti " ed. Transparency is necessary to assess whether policies that are
implemented by governments ful " ll legal obligations and objectives
such as those set forth by the EU's Common Fisheries Policy (CFP) and
the United Nations' Sustainable Development Goals. It thus appeared
crucial to assess whether public" nancial aid was provided to the Dutch
" shing sector for the conversion of its nearly bankrupt beam trawl ! eet
to electric trawling. In this paper, we analyze the " sheries subsidies that
were allocated to the electric trawling sector in the Netherlands since
2007.

2. Material and methods

The analysis presented in this paper covers both the European
Fisheries Fund (EFF) and the European Maritime and Fisheries Fund
(EMFF) periods, i.e. from 2007 to 2020. We did not analyze the sub-
sidies allocated under the previous period (2000Ð2006) as the " le
corresponding to the second iteration of the Financial Instrument for
Fisheries Guidance (FIFG) was not available. Although not as critical as
the EFF and EMFF" les, the FIFG " le could however include a few
subsidies allocated to electric trawling. Our analysis does also not in-
clude State or regional subsidies (except those acknowledged by the
industry) nor indirect subsidies such as fuel tax breaks.

2.1. Data sources

The subsidies data analyzed in this paper were collected from the
Ministry of Economic A $airs:

- For the EFF, which was supposed to cover the 2007Ð2013 period but
which eventually ran until 2016, data were initially not available
online but were obtained in June 2018 through the process de-
scribed in the Supplementary material ( Appendix B). They are now
available at: www.rvo.nl/onderwerpen/agrarisch-ondernemen/
visserij/openbaarmaking-evf-subsidies.

- For the EMFF, which followed the EFF, data were readily available
on the website of the Dutch Ministry of Economic A $airs at: www.
rvo.nl/onderwerpen/agrarisch-ondernemen/visserij/eu-fonds-voor-
maritieme-zaken-en-visserij/openbaarmaking-efmzv-subsidies.

To analyze these data, we also had to identify the Dutch trawlers
equipped with electric gears. However, there is no such list on any of
the o# cial governmental portals or documents. The only list that exists
is the one put together by the Cooperatieve Visserij Organisatie(CVO; an
association of Producers Organization), which needed to be produced
for the assessment procedure of the ÔMarine Stewardship CouncilÕ
(MSC) seafood label (withdrawn from assessment in December 2016).
As part of this assessment, a list of 84 Dutch vessels was provided, along
with three UK- ! agged and three German-! agged vessels [34]. We have
updated and complemented this list, which can be found in the online
repository available at: https://doi.org/10.17632/vv238m6wjh.1 .

It is important to note that there has not been any o # cial list of
electric trawlers since this MSC assessment. Furthermore, there is no
o# cial indication of the dates at which each electric trawler was
equipped with electricity, despite numerous requests to the electric
trawling's principal scientist (IMARES ! Dr. Adriaan Rijnsdoorp), the
main representative of the electric trawling sector (VisNed's Chief
Executive Willem ÔPimÕVisser), and ICES. At the date of publication, a
correspondence with the Dutch Ministry of Economic A $airs had also
been initiated but no response had been obtained. The full correspon-
dence is available at: www.bloomassociation.org/en/requests-electric-
" shing.

As a result of this opaque context and in the absence of an o# cial
list, it is possible that our list may contain some inaccuracies, and a few
vessels may no longer be equipped with electrodes.1 However, we as-
sumed by default that our list was exhaustive and accurate. The burden
of proof should be on the " shing industry given that electric trawling is
supposed to be a scienti" c trial, therefore full accountability should be
mandatory.

1 For example, TX-65 (BONA FIDE) was" tted with an electric trawl (it took
part in the MSC assessment), but changed hands in 2017 (rebranded WL-39
MONTE SR.). Without any further information, we assumed that it is still " tted
with an electric trawl.
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2.2. Identi! cation of electric trawling subsidies

Once the EFF and EMFF subsidies data were obtained, those having
contributed to the electric trawling sector were identi " ed in two ways:

- For the EFF, a" rst round of identi " cation was done using keywords
contained in project names, i.e. 'puls', ÔpulsvisserijÕ, and Ôelektrisch
vissenÕ. Subsidies identi" ed with these keywords were automatically
considered as having contributed to the development of electric
trawling. All other projects were assessed on a one-by-one basis to
determine whether they also contributed to the development of
electric trawling. A literature review of the reports and articles
produced by IMARES was conducted, and several other sources such
as governmental (e.g. www.europaomdehoek.nl ) and industrial
portals (e.g. www.blueportal.nl ) were used. Based on this review
and on the list of Dutch electric trawlers described in Section 2.1.
subsidies allocated to the development of electric trawling were
identi " ed. Note that one project can be linked to one or more " shing
vessels. Justi" cations for all identi " ed subsidies are provided in the
Supplementary material (Appendix C).

- For the EMFF, the vessels' matriculation numbers contained in the
" le (i.e. the Community Fleet Register numbers; CFRs) were cross-
referenced with the list of electric trawlers described in Section 2.1.
By doing so, we were able to identify which subsidies were granted
to the development or support of electric trawling. Certain project
names also contained the keyword 'puls' and were automatically
considered as having contributed to the development of electric
trawling.

Finally, each of the bene" ciaries of subsidies considered as having
bene" ted to the electric trawling sector was classi" ed as either ÔFishing
companyÕ (e.g. Zeevisserijbedrijf P.A. Baaij En Zn.), ÔIndustry re-
presentativeÕ(e.g. De Cošperatieve Visserij Organisatie U.A.), ÔMinistry Õ
(e.g. Ministerie van EZ), or 'Others' (e.g. Delmeco Projecten B.V.)

Raw data as well as processing scripts are available in the online
repository available at: https://doi.org/10.17632/vv238m6wjh.1 .

3. Results

Overall, we estimated that 20.8 million EUR (nominal value) of
combined EFF and EMFF European structural funds have been allocated
to the development, support, and legitimation of the Dutch electric
trawling ! eet since 2007 (Fig. 1). Most of the EMFF subsidies are

committed but have yet to be paid.
Out of these 20.8 million EUR, 32.1% (i.e. 6.7 million EUR) corre-

spond to project names that contain Ôelektrisch vissenÕor 'puls'. The
remaining 67.9% correspond to projects for which documentation
proving the link with electric trawling exists, or to projects that im-
plicated electric trawlers (see Supplementary Material for in-depth
details; Appendix C).

During the period covered by the EFF, 44.6% of the funds transited
through " shing companies, 24.2% through industry representatives
such as VisNed, CVO and Nederlandse Vissersbond, and 31.1% through
other structures (e.g. anonymous bene" ciaries and non-" shing com-
panies). With regards to the EMFF, the ! ow of money is di$erent, and
" shing companies appear to no longer receive any direct subsidies: the
Ministry of Economic A $airs manages 53.5% of the funds, while in-
dustry representatives handle 29.6% and other structures (such as
electric trawl manufacturers) the remaining 16.9% ( Fig. 2).

Noteworthy, this allocation of EFF and EMFF funds by actor high-
lights that the o # cial marine research institute in charge of studying
electric trawling Ñ the IMARES/Wageningen University & Research
center Ñ has never directly received any public money to conduct re-
search. Public subsidies dedicated to research (e.g. projectsÔInnovatieve
discardvermindering vanuit de praktijk Õ, ÔNetinnovatie kottervisserij Õ,
ÔVerbeteren overleving tong en schol Nederlandse kottervlootÕ, ÔBest
practices selectiviteit en overleving bijvangst kottervisseri Õetc.) have
always " rst transited through industry representatives alone (for the
EFF), or along with the Ministry (for the EMFF).

Finally, our analysis also reveals that the largest single bene" ciary
of EFF and EMFF structural funds (besides the Ministry) is the Urk-
based foundation Stichting Masterplan duurzame visserij, which promotes
a ÔMasterplan for sustainable " sheries'. It has claimed 2.7 million EUR
since 2016 for the project development and subsequent construction of
the pilot vessel ÔMDV-1 IMMANUEL'.

4. Discussion

In January 2018, VisNed's Chief Executive Pim Visser publicly
claimed that Òapart from [680 000 " of national funds invested in 2009
in the development phase], no national or European public funds have
been used to subsidize investment in pulse " shing for the private
sectorÓ[ 35]. In stark contrast with this statement, we estimated that Ñ
besides these 680 000 EUR of State aidsÑ 20.8 million EUR of both
EFF and EMFF EU structural funds have so far been allocated to the
Dutch electric trawling sector. This is over 30 times more than the

Fig. 1. Annual subsidies allocated to the development of the Dutch elec-
tric trawling ! eet, 2007 Ð2020. The EFF was extended to the end of 2016,
while the EMFF only started to cover electric trawling in 2018 (dash lines).
Committed amounts that remain to be paid are shown in lighter grey.

Fig. 2. Allocation by actor of EFF and EMFF funds used for the develop-
ment of electric trawling . The ÔOtherÕcategory includes anonymous bene-
" ciaries as well as non-" shing companies such asDelmeco projecten BVand
Technisch Bureau Verburg-Holland BV(electric trawl manufacturers).
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amount acknowledged by the Dutch " shing industry. In addition to this
signi" cant gap between the Dutch industry's claim and what our ana-
lysis show, we highlight several failures in the administration and use of
public money in the EU.

4.1. An illegal ! shing gear was subsidized

The Urk-based foundation Stichting Masterplan duurzame visserij,
which promotes a ÔMasterplan for sustainable " sheries', has claimed 2.7
million EUR since 2016 for the project development and subsequent
construction of the pilot vessel ÔMDV-1 IMMANUELÕin breach of several
EU regulations:

- 1) Construction subsidies have been prohibited in the EU since 2004
under Council regulation (EC) No 2369/2002 [ 36];

- 2) The pilot " shing vessel supported by the project is anotter trawler
equipped with electrodes, but the EU legal framework only allows
beamtrawlers to switch to electricity [ 12], not otter trawlers.

In fact, the " shing industry was quite straightforward with regards
to the development of illegal " shing gears, as it stated in a document
published in 2014 that Òtechnology progresses beyond the current
[legal] status. Pulse trawling will be developed for other gears than
beam trawls, e.g. twin trawls, dredges etc.Ó[ 37]. The 2016 proposal by
the Commission suggests that this illegal situation may have been
known, given that the wording of its Annex V Part B proposed to no
longer restrict electric trawling to beam trawls only [ 7,17].

4.2. Subsidies in breach of EU obligations and global commitments

As part of the Sustainable Development Goals adopted by the United
Nations General Assembly in 2015, the EU committed to Òend over-
" shingÓand Òdestructive " shing practicesÓby 2020 (SDG 14.4), as well
as to Òprohibit certain forms of " sheries subsidies which contribute to
overcapacity and over" shingÓ(SDG 14.6) [38]. Given the impacts of
electric trawling listed in Section 1.2. we argue that subsidizing electric
trawling does the exact opposite of what the EU committed to imple-
ment. From a United Nations' perspective, the electric trawling " le
should alarm citizens and authorities as not only are the needed
changes identi" ed by the United Nations' General Assembly not being
carried out in the " eld, but worse, the practices that harm the en-
vironment and employment are being encouraged, supported, and " -
nanced by institutions.

From the EU's perspective, the Basic Regulation of the Common
Fisheries Policy adopted in 2013 set an objective for the EU to restore
" sh stocks and to end over" shing by 2020 at the latest. In particular,
Article 17 stipulates that " shing opportunities must be allocated via
Òtransparent and objective criteria including those of an environmental,
social and economic natureÓ, and that ÒMember States shall endeavour
to provide incentives to " shing vessels deploying selective" shing gear
or using " shing techniques with reduced environmental impact, such as
reduced energy consumption or habitat damageÓ[ 39]. Here again, we
argue that electric trawling contradicts these objectives.

Furthermore, the subsidies identi" ed above are also in breach of
" nancial EU regulations, such as Article 6 of Regulation (EC) No 1198/
2006, which stipulates that Òoperations " nanced by the EFF shall not
increase " shing e$ortÓ, and Article 11 of Regulation (EU) No 508/
2014, which states that Òoperations increasing the " shing capacity of a
vessel or equipment increasing the ability of a vessel to " nd " shÓare
not eligible to the EMFF. However, the use of electric trawls clearly
does increase the ability to catch " sh, as shown by scholars on several
occasions [18,40,41]. The e# cacy of electric trawling was also ac-
knowledged by the Commission as early as 2007 [42].

Finally, we also argue that the subsidies identi" ed in this paper have
also largely been granted to vessels equipped beyond the legal frame-
work (see Section 1.1.) and are, as such, undue. As a reminder, if the

regulatory framework were respected by the Netherlands, there would
only be 14 electric beam trawlers operating in the North Sea, not 84.
Therefore, any subsidies granted to the other 70 illegal electric beam
trawlers are also illegal.

4.3. Harmful subsidies disguised as bene! cial ones

Our analysis also reveals that harmful " sheries subsidies were pre-
sented as bene" cial ones via a semantic shift that has allowed electric
trawling Ñ a prohibited " shing method Ñ to be branded Ôinnovative Õ
and therefore to be in a position to claim millions of euros in public
money. On " rst glance, most subsidies, as presented by the Dutch
government, could be deemed Ôbene" cialÕ, as they are allocated under
speci" c 'axes' of the EU" sheries " nancial instruments. For example,
with regards to the EFF, 46.1% of the subsidies allocated to electric
trawling " tted under the category ÔMeasures of common interestÕ, and
18.4% " tted under the category ÔMeasures for the sustainable devel-
opment of " shing areas' (Fig. 3). Given the radical e# cacy of electric
trawlers, their impacts on other " shers in the North Sea and the en-
vironmental problems highlighted above (see Section 1.2.), we argue
that the development of electric trawling serves everything but
Ôcommon interestÕand, on the contrary, contributes to the unsustainable
development of " shing grounds.

4.4. Industry-funded research

Lastly, although the industry claims that besides the 680 000 EUR of
State aids they have acknowledged,Òfurther subsidies have only been
granted for scienti " c researchÓ[ 43], we have shown that public sub-
sidies dedicated to research have always" rst transited through industry
representatives or the Ministry. This raises questions on the in-
dependence of science and on the allocation and use of this money. We
were indeed unable to assess how much of this money was used for
" tting vessels with electric trawls, or to compensate Ôpilot vessels', or to
conduct actual research in a laboratory. To understand the rationale
that justi " ed allocating research funding through industry re-
presentatives or ministries (when the research institute could have di-
rectly applied for such grants), we requested additional information
from IMARES but were dismissed. We feel that such an opaque ad-
ministration of public funds is questionable and could explain why no
proper research has so far been conductedÑ as evidenced by the Dutch
media 'NOS' investigation quoted in the introduction [ 32] Ñ and why
IMARES seems to disregard some inconvenient" ndings (see section
1.2.).

Fig. 3. Distribution of EFF subsidies allocated to the development of electric
trawling according to the EU o # cial nomenclature.
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5. Conclusions

Electric " shing is forbidden in many " shing nations in the world
(e.g., in Brazil [ 44], China [ 45], Federated States of Micronesia [46],
Ghana [47], Hong Kong [ 48], Iran [ 49], Kenya [ 50], Liberia [ 51],
Madagascar [52], Malaysia [ 44], the Philippines [ 53], the Russian
Federation [54], Samoa [55], Sierra-Leone [56], Solomon Islands [57],
Tanzania [58], Thailand [ 59], the United States [ 44], Uruguay [ 44],
and Vietnam [ 60]), and explicitly authorized in none. It was also
banned in the EU until the Commission and Council, at the end of 2006,
decided to authorize the use of electric current to catch " sh through an
exemption regime granted to beam trawlers. This initial decision, which
is now causing widespread concerns, went against scienti" c advice, but
it satis" ed the private interests of the Dutch industrial beam trawl ! eet.

In this paper, we demonstrate that beyond the social, environ-
mental, political, and juridical issues identi " ed in the introduction, the
electric trawling case is also controversial from a " nancial point of
view. Millions of euros have been allocated to a supposedly scienti" c
endeavor that was pinpointed by ICES as a commercial venture, i) for
the development of an illegal " shing ! eet (i.e., illegal derogations), ii)
for a prohibited " shing method (otter trawling), and iii) against the
EU's own regulations and commitments.

In this paper, we have shown that despite a " rst vote at the
Parliament in 2014 and several negative scienti" c advice, EU citizens
have unknowingly " nanced the development of a destructive and po-
tentially illegal practice. Unfortunately, this undermined a real transi-
tion towards sustainable " shing practices, as required by the EU's
Common Fisheries Policy, the United Nations' Sustainable Development
Goals, and the Paris Accord's objectives. In order to achieve these goals,
we will need full transparency to obtain a thorough and accurate pic-
ture of the use of public funds, including State aids and indirect sub-
sidies such as fuel tax breaks.
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This paper focuses on the transition in the Dutch cutter ßeet-targeting ßatÞsh, from the conventional beam trawl to the pulse trawl Þshing gear. In
doingso,weexplore theprocessofgear transition,presenting thechallenges thatÞshers andpolicy-makers face.Thepulse trawl technique representsa
particularly controversial gear transition as it makes use of electricity, which has been banned by the European Union since 1988. However, it is seenby
those developing it in the Netherlands as an important alternative Þshing gear to the conventional beam trawl technique, which is becoming increas-
ingly inefÞcient with rising fuel prices and well-documented impact on benthic habitats. By using a multi-level perspective on socio-technical transi-
tions as the analytical framework, we explore the development of the pulse trawl and the interaction between different levels. We also discuss the
inßuence of technology-push on its transition intopractice and regulation. This paper demonstrates the importance of social dimensions in the adop-
tion of new Þshing gears and in doing so contributes to our knowledge on how technological transitions in Þsheries can be managed.

Keywords:multi-level perspective, pulse trawl technique, socio-technical transitions, technology-push, transition theory.

Introduction
Catchabilityand Þshing mortality in commercialÞsheries are directly
related to the type of gear that is employed by Þshers (Hilborn and
Walters, 1992). Whether a Þshery can reduce its Þshing impact is
therefore partly dependent on the uptake of new Þshing gears
(Rijnsdorpet al., 2008; Eigaardet al., 2014). By adopting new gears,
or altering existing Þshing gears, Þshers are able to positively (and
negatively) inßuence their impact on the sustainability of a Þsh
stock and on the surrounding marine environment. Like other pro-
cesses of technological change, the shift to more sustainable Þshing
gear is complex due to high degrees of uncertainty and contestation
around innovations (Dewees and Hawkes, 1988; Van Ginkel, 2001;
Bavinck and Karunaharan, 2006; Bush and Belton, 2012). New
Þshing gear may conßict with the (short-term) economic goals and
safetyconcernsofÞshers (Eigaardetal., 2014).Besides these potential
conßicts, new Þshing gear also needs support from a wide group of
actors, including industry, states, scientists and NGOs, to prevail in
both practice and policy. The introduction of new gears therefore
goes far beyond technology design and innovation to include what
Geels (2004)and colleagues (Geels and Schot, 2007; Grin et al.,
2010) label socio-technical transitions.

The Dutch demersal Þshing ßeet is an example of a Þshery that
has undergone a series of substantial gear transitions in response
to technical and market developments and changing Þshing regula-
tions. Technological innovation was aimed at improved Þshing efÞ-
ciency. The Þrst major innovation, after earlier introductions of
steam and motorized propulsion, took place in the 1960s when
the demersal ßeet shifted from employing an otter trawl targeting
groundÞsh to a beam trawl-targeting ßatÞsh (Rijnsdorp and
Millner, 1996; Rijnsdorpet al., 2008). Although beam trawling for
ßatÞsh is a very efÞcient Þshing technique in terms of catch per
unit effort, it requires a high-energy input (Rijnsdorpet al., 2008),
causes substantial mortality of both undersized target and non-
target Þsh, leads to changes in the species composition of inverte-
brates (van Marlenet al., 2014), and causes physical disruption of
the seabed (Depesteleet al., 2016). These negative effects triggered
research and development into alternative, economically efÞcient
Þshing techniques with lower impact. A second technical innov-
ation was the replacement of the beam by what has been called a
SumWing. A hydrodynamic wing-shaped ÒbeamÓ; reducing weight
and bottom contact and therefore drag resulting in less oil consump-
tion with 20% (Stichting voor Duurzame Visserijontwikkeling,
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2010). The third technical innovation was the replacement of tickler
chains used for mechanical stimulation of the seabed with the beam
trawl to the use of electrodes giving an electrical stimulus. As outlined
by Soetaertet al. (2013), this alternative electro-trawl technique,
otherwise known as a Òpulse trawlÓ, was seen as an alternative for
diminishing the ecosystem effects of the conventional beam trawl.

The actual process of innovation and adoption is in many ways
contrary to the initial hopes of the Dutch government, scientists
and Þshers who hoped the pulse trawl gear would quickly integrate
into the industry given its apparent beneÞts. Despite the adoption of
the pulse trawl in the Dutch cutter ßeet delivering improved eco-
nomic efÞciency and ecological performance, the process of adop-
tion has been highly contested. Low levels of consensus around
the use of electricity in Þshing, which has been banned in the
European Union since 1988 (Quirijns et al., 2013), and the high
levels of uncertainty around the physical impact on non-target
species andbenthichabitat,havecontributed toopposition from in-
dustry and environmental groups alike. In this paper, we explore
how this process of socio-technical innovationbecame so contested,
and how this contestation was played out in the Netherlands and in
Europe. Indoingso,weofferkey insights into thewiderassumptions
of how Ònew and improvedÓ Þshing gears can be effectively intro-
duced by moving away from technological push (Di Stefanoet al.,
2012; Peterset al., 2012) and considering the social dimensions of
technological transitions.

Using a retrospective case study approach, we reconstruct the
introduction and uptake of the pulse trawl since 1988 (for a timeline
of events, see Supplementary data, A). Data were collected through
semi-structured interviews with a purposive sample (Curtis et al.,
2000) of 17 actors and institutions, ranging from scientists,
Þshers, policy-makers, Þsheries representatives, engineers, and
NGOÕs involved in the transition process of the pulse trawl in the
Netherlands. Two respondents refused to cooperate with an inter-
view and gave brief written statements explaining their refusal. All
interviews were recorded, transcribed, then coded for analysis
based on a predetermined framework. Data were triangulated
from multiple sources to ensure that evidence was reconstructed ac-
curately, in terms of facts and sequence (De Vaus, 2001).

The following section introduces the multi-level perspective
(MLP) of transition theory as the analytical framework for this
case study. We then present the socio-technical transition of the
pulse trawl technique in four phases that correspond to the major
decision-making events from its introduction in the 1970s to the
present. The case is followed by a discussion, which summarizes
the key lessons learned for better understanding and managing
the process of Þshing gear innovation and transition. The Þnal
section draws conclusions and outlines recommendations for
policy and further research.

A transition theory approach to gear innovation
Technological change is commonly framed in terms of the creative
tension between technology-push and demand-pull processes (Di
Stefanoet al., 2012;Peterset al., 2012). Technology-push in particu-
lar emerges from the idea that new technologies are instruments to
solve environmental and developmental problems, which is also re-
ferred to as a technological Þx (Paredis, 2011). AsNye (2014)argues,
such Òtechnological ÞxesÓ presume that failure to change is an in-
trinsic shortcoming of human capacity and therefore aims to cir-
cumvent these shortcomings rather than to address changes in
practices and lifestyle. According toSarewitz and Nelson (2008)
only in a few situations technological Þxes are successful, depending

on the context of the complex socio-technological system. In recog-
nition that technological change occurs as a result of (rather than
despite) social and political processes, attention has now turned
to a so-called co-evolutionary understanding ofsocial-technical
change (Schot and Geels, 2008; Grin et al., 2010): paying attention
to both technological innovation and the wider social, political,
and economic context in which the innovation is embedded.

The consequence of this co-evolutionary understanding is that
technological transitions are neither linear nor rational processes.
Instead, the innovation and introduction of technologies is under-
stood as dependent on the continual interplay between technical
knowledge and developments on the one hand and socio-cultural
values, different power structures, and social innovation on the
other (Bos, 2004; Paredis, 2011). This co-evolutionary perspective
is understood in terms of Òsocio-technical transitionsÓ (Rip and
Kemp, 1998; Rotmans and Loorbach, 2009; Grin et al., 2010).
These transitions trace the dynamic interface between the inßuence
of social values over technology development and adoption, as well
as how power relations change through technologies and shape
everyday practices (Paredis, 2011). As argued byJohnson and
Wetmore (2009), Òunderstanding how values are entwined in socio-
technical systems is crucial to steering technology to a future we
wantÓ (p. 205). Therefore, any analysis of technological adoption
should not only focus on the technology itself but also on social pro-
cesses of design, use, and learning that inßuence the form and func-
tion of technical hardware.

The analysis of socio-technical transitions is structured by the
MLP of Geels (2004). The MLP seeks to explain how innovations
emerge and are mainstreamed in practice and regulation over
time by breaking transition processes into the socio-technical
niche, regime, and landscape levels as is shown in Figure1. Socio-
technical transitions begin at the niche level, described as protected
spaces thatenable emerging innovative technologies to be tested and
developed (Hermanset al., 2013). These niches are crucial to transi-
tions, because they provide spaces for learning, experimentation,
and innovation in reference to, but often unconstrained by, prevail-
ing institutional and economic norms and practices. Within a niche,
actors interact, share and deliberate over their ideas, creating their
own norms, discourses, and practices and social networks. But
niches do not exist in a vacuum. They develop in reference to
what is referred to as the regime levelÑa set of actors and institu-
tions, which coordinate and steer innovations according to prevail-
ing regulative, normative, and cognitive rules. The regime level
coordinates and aims to guide and steer innovation at the niche
level along a predictable trajectory (Grin et al., 2010). In doing so,
it balances regulation with innovation through the alignment and
stability of rules (Geels, 2004). Finally, these niche and regime
levels are embedded in the landscape level, which encompass pro-
cesses beyond the direct inßuence of regime and niche actors such
as demographic trends, political ideologies, societal values, and
macro-economic patterns (Geels and Schot, 2007; Geels, 2011).

By understanding the composition and interaction in and
between the three MLP levels, it is possible to reconstruct how tran-
sitions can be achieved, including those towards complex outcomes
such as sustainability (Grin et al., 2010;Hermanset al., 2013). At the
centre of the approach are questions around the extent to which
innovations, such as new Þshing gear, can be mainstreamed in
policy and practice. For instance, how do institutions and actors
in existing regimes foster innovations? What conditions are neces-
sary for a niche innovation to be taken up and restructure the
regime? Can niche innovations replace a regime, or do they
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instead contribute to changes in the behaviour, routines, and prac-
tices of regime actors? It is also possible to determine the extent to
which changes in technology are ÒpushedÓ by regime and niche
actors.

There is a continuous drive for modifying Þshing gears and prac-
tices around the world, with commercial Þshers constantly introdu-
cing technology to remain economically competitive, enhance the
performance of their equipment, and/ or respond to changes in
rules and regulations (Valdemarsen, 2001; Tietze et al., 2005).
Advances in Þshing technology over the last century have been in-
strumental in increasing the efÞciency of Þshing ßeets contributing
to the overexploitation of Þsh stocks (Agboola, 2014; Eigaardet al.,
2014). In response, Þshing technologists have started to focus more
on conservation-oriented goals of gear development, placing inno-
vations in Þshing technology as a key input to sustainably managed
Þsh stocks (Kennelly and Broadhurst, 2002; Eigaardet al., 2014). In
the rest of this paper, we seek to understand how Þshing technolo-
gies can be better understood as socio-technical transitions, and
the consequences such an understanding might have for managing
gear-related sustainability transitions.

Four phases of gear transition
Phase 1: Experimentation, ban and research
The Þrst trials with marine electro-trawls in Europe were conducted
in the 1970s in the Netherlands (De Groot and Boonstra, 1970;
Boonstra and De Groot, 1974; Agricola, 1985), Belgium (Vanden
Broucke, 1973), Germany (Horn, 1976), and the UK (Horton,
1984). But it was not until 1986 that the Þrst attempts were made
to commercialize marine electric Þshing gear in the Netherlands
(Van Marlen, 1997). A prototype was tested in 1987 aboard the

commercial vessel GO-65 and it showed higher sole catches and
lower plaice catches compared to the conventional beam trawl.
No improvement in size selectivity was found, but further research
was advocated (Van Marlen, 1997).

In 1988, however, all research and development was halted when
the European Union put a ban on electrical Þshing in place.
According toLinnaneet al. (2000)and Van Marlen (1997), the
ban reßected the fear that electro-trawls would lead to a rapid and
uncontrolled increase in Þshing efÞciency. At the time, the beam
trawl ßeet was already under severe international criticism, with
poor regulation and control resulting in overshooting quotas
(Soetaertet al., 2013). As one respondent from the Dutch Þshing in-
dustry argued, the introduction of an even more efÞcient Þshing
technique at that time was therefore politically untenable. As a
result of the ban, all research and development on electrical
Þshing techniques was halted throughout Europe. And with a stabi-
lized crude oil price, the dominant motivation to develop an alter-
native, more efÞcient Þshing gear to replace the conventional beam
trawl became less urgent.

However, the resultsandknowledge thathadbeenbuilt upbefore
the ban in 1988 clearly demonstrated the potential for an electric
Þshing gear on minimizing impacts on benthic habitats and
species. Recognizing this, the Dutch company Verburg-Holland
B.V. decided to resume research and development of an electric
Þshing gear in 1992 (Soetaertet al., 2013), with direct support
from the Dutch Ministry in the form of time on one of their research
vessels. The government was willing to invest in research on an elec-
tric Þshing gear despite the ban. A former employee of the Ministry
clariÞed why research commenced when the gear had been banned.
He argued that, ÒThere was quite some criticism on the [traditional]
beam trawl, so then it is wise to look for an alternative. I think that
the pulse trawl technique was considered to be the main alternative,
because the Ministry had already invested a lot in itÓ.

By 1998, both Verburg-Holland B.Vand the Ministry were opti-
mistic about the progress on the pulse trawl technique and they
approached the Dutch Institute for Fisheries Research (RIVO, cur-
rently IMARES) to give scientiÞc guidance to the further develop-
ment of a pulse trawl gear. The Þshing industry also became
involved through the Federation of Fishing Associations (FFA, cur-
rentlyVisNed), which represented a signiÞcant part of the demersal
Þshing industry (Van Marlenet al., 2014). Their involvement led to
the development of a pulse trawl with a width of 12 m to match the
common size of the conventional trawl and open up the possibility
of retroÞtting existing vessels (Van den Berge and De Bruijn, 2000a).

Despite investments in thepulse trawlprojectby theÞshingsector
during the 1990s, many Þshers did not feel the need to invest in an
alternative Þshing technique for the beam trawl. They were sceptical
about the pulse trawl and disagreed with the societal critique on the
conventional beam trawl (Van den Berge and De Bruijn, 2000a).
However, according to the chair of the FFA at the time, the wider
Þshing industry did see the need to solve problems associated with
bycatch and the high fuel consumption (Van den Berge and De
Bruijn, 2000b). To enable continued research on the pulse trawl,
an experimental license for research was sought by the Ministry at
the EU. Although the licence was granted, the Ministry only agreed
to start discussing options to legalize the use of electricity if research
results would be gathered aboard a commercial vessel during a pilot
project. Initiatives to undertake such a project were initially stranded
around disagreement about who should pay for the gear and for
hiring a commercial vessel (Van den Berge and De Bruijn, 2000b).
It took until 2004 before this could take place.

Figure 1.Schematic explanation of the MLP. (a) Landscape-level
developments exert pressure and inßuence regime and niche levels; (b)
Regime-levelconsistsofanetworkofactorsand institutions thatsharea
set of regulative, normative, and cognitive rules. (c) Multiple
innovations are developed at the niche level by niche actors in
combination with regime actors. (d) Innovationsemerge thatchallenge
the regime and start a process of realignment between the niche and
regime level. (e) Regime is destabilized by the landscape level creating
an opportunity for innovations to break through. (f) If the niche
innovation successfully aligns with the regime level, then an
opportunity for new regime conÞguration emerges (adapted from
Schot & Geels, 2008). This Þgure is available in black and white in print
and in colour atICES Journal of Marine Scienceonline.
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Phase 2: research aboard a commercial vessel
In 2004, the pulse trawl system was ready to be tested aboard a com-
mercial vessel. For this, the ßatÞsh cutter UK153 was selected by the
Agricultural Economics Research Institute (LEI) in consultation
with representatives of the Þshing industry. One year later, the
Ministry initiated a steering group for the pulse Þshing pilot, consist-
ing of the Ministry and representatives from the two industry associa-
tions, the FFA and the Dutch FishersÕs Federation (Nederlandse
Vissersbond). ScientiÞc advice was provided by the Institute for
Marine Resources and Ecosystem Studies (IMARES) and LEI, both
ofwhichfedbackresearchresultsduringthesteeringgroupÕsmeetings.

Meanwhile, wider pressure on the sector to innovate was building.
TheDutchcutterßeetwasfacedwith furthereconomicpressuredueto
rising fuel prices and decreasing Þsh quota (Ministry of Agriculture,
Nature and Food Quality, 2006). At the same time, the European
Commission announced support for the development of sustainable
Þshing techniques by increasing the budget available for sustainability
linked innovations (European Commission, 2004). In response, a
group of interested beam trawl Þshers, Verburg-Holland B.V. and
the steering group met in 2006 to discuss the wider introduction of
the pulse trawl (Visserijnieuws, 2006).

A major boost to the ambitions of the Dutch industry was given
in 2005 when the European Commission indicated that it would be
possible to further expand the introduction of the pulse trawl if the
International Council for the Exploration of the Sea (ICES) would
provide a Òpositive adviceÓ (Visserijnieuws, 2006). The advice that
ICES forwarded to the CommissionÕs ScientiÞc, Technical and
Economic Committee for Fisheries (STECF) was cautiously posi-
tive: despite clear beneÞts to benthic species and habitats and clear
gains in fuel efÞciency, concern was raised about potential spinal
damage to cod, potential effects on invertebrates and effects on elec-
tric sensory systems of elasmobranchs (ICES, 2007). As outlined in
the STECFÕs written conclusion, ÒAlthough the development of this
technology should not be halted, there are a number of issues that
need to be resolved before any derogation can be grantedÓ (p. 6).
However, the EU ultimately rejected this assessment and introduced
a derogation (under Annex III (4) of Council Regulation (EC) No.
41/ 2006) for 5% of the beam trawler ßeet by Member States Þshing
in ICES zones IVc and IVb to use the pulse trawl on a restricted
basis, provided that attempts were made to address the concerns
expressed by ICES.

Although permission was granted from the European
Commission for a wider introduction of the pulse trawl technique,
the Dutch Þshing sector remained pessimistic about the technique
due to technological problems with the gear and lower landings
compared with conventional beam trawls. As one interviewed re-
searcher outlined, the Þshing sector representatives withdrew their
support to the pilot project during a meeting of the steering group
at the end of 2006. Decreasing plaice quota and the decreasing
total landings of the Dutch cutter ßeet negatively affected the reven-
ues, while costs kept rising due to the rising fuel prices, leading to a
negative net economic result. As a result of this, the majority of the
Dutch Þshing sector did not feel the need to keep investing in an in-
novation they did not believe in.

Phase 3: The breakthrough in the Dutch cutter sector
Meanwhile, the Ministryhad initiated the ÒTaskForce for Sustainable
North Sea FisheriesÓ (Task Force Duurzame Noordzeevisserij) in 2005
because of the deterioratingeconomicsituation in the NorthSeaÞsh-
eries. This Task Force consisted of representatives of the Þshing

industry, Civil Society Organisations (CSO), scientists, and policy
ofÞcers. The Task Force was instructed to develop an economic and
environmental sustainable perspective for the North Sea cutter ßeet
(Task Force Sustainable North Sea Fisheries, 2006). In their Þnal
report, ÒFishing with HeadwindÓ (2006), they described the urgent
situation in the Dutch Þshing industry and advised to establish a
Fisheries Innovation Platform (Visserij Innovatie Platform, FIP) to
steer innovations in the Þsheries sector. One of the outcomes was
the establishment of Study Groups (kenniskringen) consisting of
Þshers from the same ßeet, but from different regions in the
Netherlands to stimulate and empower Þshers to innovate towards
more sustainable Þsheries (seeDe Vos and Mol, 2010).

The FIP saw the pulse trawl technique as a priority for reducing
fuel consumption and discards in sole Þsheries. As a consequence,
the Study Group ÒPulse & SumWingÓ was established in 2008, con-
sisting of Þshers that were willing to test and develop the pulse trawl
technique in addition to the SumWing. As two interviewees
described, the Þshers involved in this study group had closely fol-
lowed the pilot project of the UK153 and, in contrast to the majority
of the Þshing industry, saw potential in this Þshing technique to
catch an equivalent amount of sole with considerably lower fuel
costs compared with the conventional beam trawl.

The Ministry managed to arrangean investment schemewith the
European Commission in 2008 for Þve vessels owned by Þshers
participating in the Study Group. This scheme covered 40% of the
investment in a pulse system, with a maximum investment of
E176,000 per vessel (Visserijnieuws, 2008). The goal was to gain
broad experience with the pulse trawl and to share these experiences
with other entrepreneurs involved in beam trawl Þshing. By doing
so, the Ministry wanted to stimulate the further introduction and
the future use of the pulse trawl gear (Visserijnieuws, 2008). In
2009, both the SumWing pulse and pulse trawl were installed on
the vessels and within months these proved to be both reliable and
proÞtable. Other interested skippers however struggled to get
loans from the bank to invest in the pulse trawl technique due to
the ongoing uncertainty over whether the 5% derogation for the ex-
perimental licenses from the European Commission would be
extended. According to a researcher from the LEI, and corroborated
by a former employee of the Ministry, this all suddenly changed:
ÒAfter a leading Þshing company had ordered four Pulse Wings,
the other Þshers started to ask mewhereand how theycould register.
There were only a few more days to go before the registration period
endedÓ. This order convinced other Þshers that the pulse trawl tech-
nique was reliable and proÞtable. Eventually the number of regis-
tered Þshers exceeded the number of available pulse trawl licenses,
so now the amount of licenses became a stagnating factor to a
wider transition to the pulse trawl technique (Visserijnieuws a,
2010).

Urged by the Þshers, both the Dutch FishersÕs Federation and
VisNed sought more experimental licenses from the Dutch Ministry
with support from both WWF and the North Sea Foundation
(Visserijnieuws b, 2010). During the Agriculture & Fisheries Council
(AGRIFISH) of December 2010, it was decided that the number of ex-
perimental licenses could be expanded to 42 based on Article 43,850/
1998, which is a regulation for the conservation of Þshery resources
through technical measures for the protection of juveniles of marine
organisms (Council of the European Union, 1998; Rijksoverheid,
2010). However, these 42 experimental licenses were not enough to
enable all registered Þshers to make the transition towards the pulse
trawl technique.

1238 T. Haasnootet al.
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Minister Schouten stelt 15 miljoen beschikbaar voor
innovatieve visserij
Nieuwsbericht | 19-02-2019 | 09:00

Om op toekomstige ontwikkelingen voorbereid te zijn is het ook voor de visserij
belangrijk te verduurzamen en te innoveren. Om die reden stelt minister Carola
Schouten van Landbouw, Natuur en Voedselkwaliteit € 15 miljoen beschikbaar
voor innovatie in de visserij. Dit is een aanvulling op bestaande Europese
financieringsmiddelen en biedt vissers met behulp van cofinanciering de
mogelijkheid om nieuwe ideeën verder te ontwikkelen. Dit schrijft minister
Schouten vandaag in brief aan de Tweede Kamer.

Minister Schouten: ”Er komt veel op onze vissers af, waaronder de onzekerheid rondom de Brexit. In
overleg met vissers, ngo’s en onderzoekers gaan we nu aan de slag met een innovatieprogramma van €
15 miljoen. Deze middelen maken het  laagdrempeliger om aan de slag te gaan met innovaties die
vissers vooruit helpen.”

Innovatie nodig voor toekomstperspectief
Naast het recente verbod op de pulsvisserij zijn er andere ontwikkelingen die op de sector afkomen zoals
de herinrichting van de Noordzee (windparken) en de aanlandplicht, die sinds 1 januari 2019 volledig
van kracht is. De aanlandplicht is bedoeld om verspilling (teruggooi van vissen) tegen te gaan en
selectiever vissen te stimuleren. Voor een structurele oplossing zijn vernieuwingen nodig die de
Nederlandse visserijmethoden selectiever maken en/of de bijgevangen vis bij teruggooi een grotere
overlevingskans geven.

Ook innovaties aan boord die bijdragen aan schonere schepen komen in aanmerking voor middelen via
Europese subsidies of de extra € 15 miljoen. De nationale middelen kunnen ingezet worden voor
projecten die op de vissersschepen zelf verder getest worden. Ook projecten waarvan de uitkomst nog
onzeker is, kunnen aanspraak maken op het innovatiegeld.

Ontwikkelingen pulsvisserij
In een brief aan de Tweede Kamer over de uitkomst van de triloog van vorige week over pulsvisserij
onderstreept minister Schouten het belang van het ontwikkelen van nieuwe innovatieve technieken
voor een duurzame visserij. In die brief staat dat er nog geen vastgestelde teksten van het politiek

https://www.rijksoverheid.nl/
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akkoord beschikbaar zijn en stemmingen in de Europese Raad en het Europees Parlement nog moeten
plaatsvinden. Daarna zal de minister de pulsvissers informeren over hoe ze om wil gaan met de
vergunningen en welke transitieperiode voor hen gaat gelden.

Documenten

Zie ook Verantwoordelijk

Kamerbrief Invulling innovatieprogramma visserij
Kamerstuk: Kamerbrief | 19-02-2019

�

Kamerbrief Uitkomst Triloog Pulsvisserij
Kamerstuk: Kamerbrief | 19-02-2019

�

Visserij� Ministerie van Landbouw, Natuur en
Voedselkwaliteit

�

https://www.rijksoverheid.nl/documenten/kamerstukken/2019/02/19/kamerbrief-invulling-innovatieprogramma-visserij
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Pulsvissers. Inzet: Carola Schouten © ANP

Het kabinet trekt 74 miljoen euro uit om vissers uit te kopen die willen stoppen met vissen.
Dat is nodig om ruimte te creëren op de drukke Noordzee en de druk op visgronden iets te
verlichten, schrijft landbouwminister Carola Schouten.

5

Het verbod op pulsvissen, de brexit-onderhandelingen en het coronavirus “maken het
toekomstperspectief van de vloot onzeker”, zegt Schouten. Ze presenteert daarom vrijdag haar
visie op de kottervisserij. De vloot wordt kleiner en moet economisch gezond zijn, stelt de
bewindsvrouw. Ze ziet een sector voor zich “die een voorloper blijft qua kennis en innovatie en
vist met respect voor natuur en milieu”.

Zoek op trefwoord, titel of auteur
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Het kabinet maakt 45 miljoen euro vrij voor innovaties die het vissen schoner en lucratiever
moeten maken. Dat geld zal voor een deel gaan naar nieuw tuig dat de pulskor kan vervangen.
Die kunnen vissers niet meer gebruiken wegens het verbod op pulskorvisserij, waarbij de vis
(schol en tong) wordt opgeschrikt van de bodem met kleine elektrische schokjes. Het Europese
Parlement stemde vorig jaar in met het verbod.

Het geld dat opzij wordt gezet voor het uitkopen van vissers en innovaties werd al op tafel gelegd
bij de onderhandelingen van het Noordzeeakkoord. Dit akkoord moet de drukke Noordzee beter
verdelen en werd vrijdag ondertekend door de meeste onderhandelaars, hoewel de
handtekening van vissersorganisaties ontbreekt.

De Haven van Urk, met enkele kotters. © Foto Freddy Schinkel

Nadat in februari een onderhandelaarsakkoord werd gepresenteerd, liet de Vissersbond weten
het akkoord niet te steunen. Zeven van de belangrijkste negen vissersorganisaties wilden wél
tekenen, maar die vertegenwoordigen samen nog niet de helft van de Nederlandse vissers.
Wegens “de verdeeldheid in de achterban” tekenen de overgebleven zeven organisaties niet,
meldt verantwoordelijk minister Van Nieuwenhuizen. ,,Ontwikkelingen op de Noordzee gaan
echter door, belangen van de visserij worden direct geraakt”, aldus de bewindsvrouw.

Het kabinet wil dan ook een verkenner aanwijzen die de grote verschillen tussen vissers gaat
onderzoeken. Deze persoon moet er ook voor zorgen dat de vissers toch zo veel mogelijk
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kunnen meepraten over de verdeling van de Noordzee.
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