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Monitoring, control and surveillance (MCS) are challenging in wild capture fisheries and 
insufficient MCS has resulted in unsustainable fishing practices, data limitations in stock 
assessment and management, lack of transparency and unfair competitive advantage for 
those not following the rules. Major expenses and efforts are awarded to MCS, but 
effectiveness and coverage is generally very limited. There are however a number of 
emerging and already available technological solutions that can be applied to significantly 
improve MCS and reduce costs at the same time. These solutions are generally referred to as 
Electronic Monitoring (EM) or Remote Electronic Monitoring (REM) solutions. 

The Nordic countries are generally considered to have well-regulated fisheries and relatively 
good MCS. The authorities in these countries do however also understand that they need to 
keep up with new technology and use them when applicable to improve their fisheries. 
Denmark, Norway and Iceland have for example been awarding increasing attention to REM 
in recent years. As part of that work, the Nordic Council’s Working Group for Fisheries (AG-
Fisk) funded a networking project in 2019 that was to facilitate a conference on REM, where 
experts in the field would present information on current state and emerging solutions for 
Fully Documented Fisheries (FDF). The conference was held in November 2019 in Reykjavík 
and the proceedings along with short summary are presented in this report. The report also 
contains concluding remarks in the end where the most important issues are summarised, 
and comments made on developments that have taken place from the time of the 
conference until the publication of this report. 

It is evident that EM will not solve all problems when it comes to MCS of fisheries, but such 
solutions can be important tools to facilitate more efficient MCS and even reduce cost and/or 
increase coverage. The Nordic countries have not been in the forefront of implementing REM 
technologies (possibly with the exception of Denmark) where countries such as Canada, US, 
New Zealand, Australia and Chile have paved the way. The Nordic countries are therefore in 
the position to learn from those that have gone before them, use what has proven to be 
successful and avoid making the mistakes they did. 

Several relevant pilot trials and research projects are currently ongoing in the Nordic 
countries and on European level. There are also ongoing similar initiatives elsewhere in the 
world and full implementation of some elements of REM are also taking place. It is important 
for the Nordic regions to follow and take part in these initiatives, as the authors of this report 
believe that REM solutions can be extremely effective tools for MCS in the future. 
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1 Introduction 

Monitoring, control and surveillance (MCS) are challenging in wild capture fisheries and insufficient 
MCS has resulted in unsustainable fishing practices, data limitations in stock assessment and 
management, lack of transparency and unfair competitive advantage for those not following the rules. 
Major expenses and efforts are awarded to MCS, but effectiveness and coverage is generally very 
limited. There are however a number of emerging and already available technological solutions that 
can be applied to significantly improve MCS and reduce costs at the same time. These solutions are 
generally referred to as Electronic Monitoring (EM) or Remote Electronic Monitoring (REM) solutions 
and can consist for example of satellite detection, Vessel Monitoring Systems (VMS), Automatic 
Identification Systems (AIS), video monitoring (CCTV) and computer vision, electronic logbooks and 
more. A number of countries or individual fisheries have been experimenting with these solutions and 
there are even few that have already implemented some elements, aiming for a Fully Documented 
fishery (FDF). 
 
The use of patrol vessels and aircrafts (airplanes, helicopters) for the MCS of fishing activities have 
been the most widely used methods in modern fisheries [1]. There are a number of advantages and 
disadvantages associated with both methods [2] but the main problem is the very limited coverage 
and high cost. In the UK for example, aerial surveillance only monitored 0.026% of fishing effort (hours 
at sea) in 2013, and patrol vessel surveillance 0.05% of fishing effort [3]. With such a small level of 
coverage, this tool may only provide a short-term deterrent as there is no assurance that fishers will 
continue to comply when the aircrafts or patrol vessels leave the area. This low coverage comes at a 
high cost, as It was for example estimated in 2011 that the Norwegian government spent £86 million 
a year for the coastguard, which used 70% of their time for MCS of fisheries [4]. Despite this, patrol 
vessel surveillance remains at the heart of the control activity deployed by all of the Nordic countries 
and EU Member States, together with the European Fisheries Control Agency (EFCA).  

Other MCS tools used widely in Nordic and EU fisheries include VMS, electronic logbooks (coupled with 
landing/harbour official weighing documentation), onboard inspectors and observers. But these all 
have limitations in regard to coverage, cost and particularly ability to identify and quantify illegal, 
unregulated and unreported (IUU) catches and discarding. 

This lack of MCS presents a major problem for global fisheries, as it is estimated that IUU fisheries 
represent anywhere between 10% - 30% of global catches [5] and that discarding represents an 
additional 10.8% [6]. IUU fisheries are most severe in areas with limited or no MCS, such as in the high-
seas (ABNJ – Areas Beyond National Jurisdictions) and within the waters of countries that do not have 
sufficient infrastructure to conduct necessary MCS. FAO and EU have though been tackling IUU 
fisheries strongly in the last decade with emphasis on port state measures, traceability and monitoring 
of transhipments and “ports of convenience”. Discarding on the other hand remains a problem also 
within industrial fisheries in the “western world”. It was for example estimated by the EU that member 
state vessels discarded 23% of their catches prior to the implementation of the landing obligation [7] 
and a recent FAO report shows estimations of average discard rates in the northeast Atlantic (FAO area 
27) of 16.2% [8]. That same FAO report highlight that discard statistics for Norway and Iceland are 
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almost non-existent as these countries operate within a discard ban, and that the uncertainty 
generated by this group of countries might not be well captured in the study. The EU is now dealing 
with similar problems when it comes to MCS of discards, as the implementation of the landing 
obligation has made it illegal to discard catches, but evidences show that the unwanted catches are 
still not being landed. This causes challenges for stock assessment as data on total catches are 
unreliable. 

 

New and emerging REM technologies for MCS are gaining interests around the world as authorities, 
fish business operators and NGOs see them as an opportunity to increase coverage and save costs, and 
ultimately provide FDF, which will benefit everyone. Countries that are in the forefront of this 
development are New Zealand, Chile, Canada, Denmark and more. NGOs that have been lobbying for 
uptake of these solutions include for example the Nature conservancy and the Environmental Defence 
Fund.  

The Nordic countries are considered to have well-regulated fisheries and relatively good MCS. The 
authorities in these countries do however also understand that they need to keep up with new 
technology and use them when applicable to improve their fisheries. Denmark, Norway and Iceland 
have for example been awarding increasing attention to REM in recent years. As part of this work the 
Nordic Council’s Working Group for Fisheries (AG-Fisk) funded a networking project in 2019 that was 
to facilitate a conference on REM, where experts in the field would present information on current 
state and emerging solutions for FDF. The conference was held in November 2019 and the proceedings 
along with a short summary are presented in this report. The report also contains concluding remarks 
in the end where the most important issues are summarised, and comments made on developments 
that have taken place from the time of the conference until the publication of this report. 

 

The conference was held in Harpa conference centre www.harpa.is in Reykjavík and was a part of the 
Icelandic seafood conference www.sjavarutvegsradstefnan.is which is an annual event where 7-800 
fisheries stakeholder attend for networking and to learn about the latest developments in the seafood 
industry. The Icelandic seafood conference is broken into sessions that are run in plenary, and the REM 
session received considerable attention, with well over 100 attendees sitting in on the entire agenda, 
and many more dropping in to listen to specific presentations. The session also received considerable 
attention in the Icelandic media, as several newspaper articles were published based on the material 
presented at the conference [9]. 
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The conference was well attended and got considerable attention from stakeholders, authorities and the media 

 

The organising committee for the conference, which was responsible for overall planning consisted of 
the following persons: 

• Jónas R. Viðarsson – Matís Iceland (chair)  
• Áslaug Eir Hólmgeirsdóttir – Icelandic Directorate of Fisheries 
• Ásta Guðmundsdóttir – Icelandic Marine & Freshwater Research Institute 
• Kristian Schreiber Plet-Hansen – DTU Aqua, Denmark 
• Leifur Magnússon – Icelandic Directorate of Fisheries 
• Mogens Schou – Aquamind, Denmark 
• Thord Monsen – Norwegian Directorate of Fisheries 
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2 Global overview of electronic monitoring in fisheries 

Jonas R. Viðarsson: Matís, Iceland 

Jonas R. Viðarsson from Matís in Iceland was the project leader and chair of the organising committee. 
He opened the conference by providing a global overview of electronic monitoring in fisheries. He 
started by explaining the challenges that MCS are intended to solve and the most common MCS tools. 
He particularly highlighted the fact that inefficient MCS can lead to a flawed stock assessment and 
subsequent overfishing, as well as undermining fisheries management efforts if there is not full catch 
accountability. Jonas argued that discarding and IUU are probably the biggest challenges in global 
fisheries, with IUU fisheries representing up to 30% of global catches [10] and discarding additional 
10% [11]. He also pointed out that this is not only a problem that concerns ABNJ and less-developed 
countries, as it is estimated that 500 thousand tonnes of IUU fish enters the EU market annually [12], 
and that discarding represented as much as 23% of the EU fleets catches prior to the implementation 
of the landing obligation [13]. The main challenge now for MCS in EU fisheries is in fact discarding, as 
it has become illegal to discard catches and fishermen are therefore obligated to land catches of little 
or no value, there is subsequently very limited data for estimating discards in EU fisheries. The same 
problem exists in for example Norwegian and Icelandic fisheries, where few or no data on discards 
exist. This is for example highlighted in the FAO assessment report of global marine fisheries discards 
from 2019 [14], where the authors were unable to estimate discards in fisheries that account for 45% 
of global landings due to insufficient data, and both Norway and Iceland fell within that category. 
 
Jonas then gave an overview of Electronic Monitoring (EM) initiatives, which are generally considered 
to have started first in British Columbia in 2001. After a slow start, the number of pilots and programs 
have increased significantly and in a comprehensive study on the subject, presented in a paper 
published in 2019, a total of 100 pilots or trials were identified and 12 fully implemented programs [15]. 
These combined included over 1,200* vessels worldwide, with overwhelming majority in USA and 
Canada. The priority objectives with the EM can largely be broken into three i.e. effort monitoring, 
catch monitoring and monitoring protected species. In the EU it is effort and catch monitoring that is 
prioritized, whilst protected species are highest on the list in New Zealand. 

Jonas then gave examples of the effects of EM on reported landings, discards and number of species 
landed. An Australian study published in 2018 showed that reported discards increased by 108% when 
EM had been implemented and that the number of landed species increased by 33%, which suggests 
that these catches had been discarded without being registered before.  

The cost of implementing EM was then discussed and put into comparison with 100% at sea observer 
coverage in four fisheries in Canada, which showed that the EM was 37-247% less expensive than the 
human observers [16]. As EM also provides a repellence effect (e.g. the presence of camera 
surveillance has an effect on behaviour of fishermen, even if the footage is not watched), the cost of 
partial coverage was also presented, from a study made on the New England Groundfish fishery. It 

 
* Total of 1,492 according to Van Helmond et. al (2019)  
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showed that the cost of implementing EM with 20% review rate is 90% more expensive than similar 
coverage of on-board observers, but if compared with 100% onboard observer coverage the human 
observer becomes almost 200% more expensive than the EM. Information from EM initiatives in 
Canada, New Zealand, Marshall Islands, US and Denmark are relatively in agreement that initial 
investment in EM is about 10,000 EUR/vessel and that annual running cost is around 5,000 EUR/vessel. 

 

IN conclusion Jonas emphasised that EM has pros and cons, and that this is a field that is in 
development. The current information does though suggest that EM can play a big role in improving 
MCS and at the same time reduce the associated cost.  
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3 Remote Electronic Monitoring – Technical perspective 

Leifur Magnússon – Directorate of fisheries, Iceland 

Leifur Magnússon is the chief information officer (CIO) of the Icelandic Directorate of Fisheries, and his 
presentation focused on the technical aspects of electronic monitoring i.e. giving examples of what 
the current technology can do, and what are the limitations. He started his presentation by highlighting 
that the Icelandic Directorate of Fisheries has very limited experience of using REM tools such as 
cameras (CCTV), drones, sensors, computer vision or artificial intelligence (AI) due to legal constraints. 
The current legislation simply did not allow them to use these tools. 

Leifur asked the question if the future of MCS would rely on fully automatic systems, that could use all 
kinds of sensors, CCTV cameras, drones and IoT (Internet of Things) equipment’s, to feed into an AI 
machine that “sees all and knows all”?  He then attempted to answer this question. The challenge is 
that the machines have to learn from data, which means that you have to have enough correct data in 
order to learn. This is rather simple when dealing with “absolutes”, such as a game of chess, but more 
complicated when the machines need to “interpret” external data. Leifur then gave some examples of 
how computers have difficulties working with visual pattern recognition, such as facial recognition and 
species identification. Fish of the same species can be highly variable when it comes to visual patterns, 
and two different species can resemble each other very closely, such as the different species of redfish. 

Even though AI currently has its limitations, then it is important to take advantage of the many 
opportunities that REM brings. CCTV is for example being used successfully when monitoring harbours 
in Iceland and private companies are using CCTV for onboard monitoring. Although currently people 
need to physically watch the recordings, there is still an advantage of using them. The Directorate of 
Fisheries will continue to explore alternatives for using REM for MCS and will hopefully be granted the 
legal consent to use them in the near future.   
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4 Fully documented fisheries trials in Denmark 

Kristian S. Plet-Hansen – DTU Aqua 

Kristian S. Plet-Hansen is a researcher at DTU aqua and has been heavily involved in a large number of 
research projects on EM and FDF and has published a number of reports and journal articles on the 
subject. He started his presentation by explaining what is meant with EM and FDF. He gave an example 
of a fishery that already has a mandatory EM system in place. This is the common mussel’s fishery in 
Denmark, where sensors collect data at 10 second intervals.  

Several EM pilot projects have been run in Denmark from 2008. One of these projects is the Cod Catch 
Quota Management trial that ran from 2010-2016. The pilot included 12-24 fishing vessels (mainly 
trawlers) that were given a 30% increased cod quota and derogation from days-at-sea for their 
participation. The vessels were equipped with CCTV, which were used to validate information that 
fishermen reported in e-logbooks. The information from these trials suggest that auditing (physically 
watching the recordings) 10% of the fishing operations gives fairly accurate information on the 
reliability of the e-logbook reporting [17]. 

Based on the FDF trials in Denmark, Kristian made an estimate of the cost of installing and running an 
EM system for the Danish fleet. The initial investment in the system and installation is estimated at 
8,200 EUR/vessel and the running cost for the first year is estimated at 12,400 EUR/vessel, as 
infrastructure and training cost in the beginning is significant. The yearly running cost after that is 
estimated at 4,300 EUR/vessel [18]. These are fairly consistent with cost estimates from other pilot 
tests [19] and show that EM can be very cost-efficient in comparison with other currently used MCS. 
A recent report identifies for example that implementing EM for the entire over 10-meter fleet in the 
UK would cost 5 million GBP, compared to the current 20 million GBP cost of operating the current 
MCS operations [20]. 

The experience from EM pilot trials do therefore suggest that such tools are practical, applicable and 
cost-effective. 
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5 REM and the Value of Catch Identification: Electronic monitoring 
in Norwegian fisheries 

Thord Monsen, Norwegian Directorate of Fisheries 

Thord Monsen is the head of the control section at the Norwegian Directorate of Fisheries, and his 
presentation focused on the value of EM for catch identification, research and sustainable utilisation 
of marine resources. His message was that EM should be more of an integrated tool within the entire 
value chain, as data should be supplied by multiple sources. This is part of the approach that the 
Norwegian Directorate of Fisheries is applying. Taxes are for example determined from multiple 
sources, where data from third parties are used. Similar can be done in fisheries, where data is 
collected from catching, landing, processing, logistics and marketing links in the value chain. 
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6 Experience from the implementation of REM in Chile 

Luis Cocas, Fisheries Management Division, Government of Chile 

Luis Alberto Cocas González is an expert on EM for the government of Chile, and Chile is a world leader 
in research and implementation of EM in fisheries, and among the first nations to regulate CCTV for 
mainstay of their industrial fleet. 

Luis Cocas gave an overview of the Chilean fishing sector and its challenges when it comes to MCS. 
Chile adapted a general discard ban in 2001 which the government has put emphasis on implementing 
successfully. The government has put significant efforts into research on EM in recent years as follow 
up, as well as regulating compulsory exclusion devices in fishing gear, better reporting tools for 
registering discards and funding of marketing campaigns to increase consumption of “unwanted” 
catches. 
A long consultation and preparation phase was initiated with stakeholders, which resulted in new 
regulation being implemented in 2019. The new regulation included that catches should be classified 
into three categories a) target species subjected to a discard ban, b) unwanted catches of species 
without TAC that can be discarded, and c) vulnerable species that are caught as bycatch and must be 
returned to the ocean following  special handling protocols. Following this approach, the government 
started issuing quite substantial fines to those in breach. The government also regulated that a CCTV 
programme would be implemented and that the industrial fleet would have to be equipped with an 
approved system by 2020 and that the artisanal fleet over 15 meters should follow by 2022. A private 
company is to be contracted for auditing the recordings and the government will cover the cost of 10% 
of auditing. Individual vessel owners will be charged for auditing beyond the 10%, which is only to be 
carried out if results from the 10% audit gives reason to believe that further auditing is needed. 
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7 Evolution of a commercial fishery 

Wes Erikson, Canadian commercial fisherman 

Wes Erikson is a commercial fisherman in British Columbia in Canada. He is the owner of the Fourth 
Generation Fishing Co. LTD. and has over 40 years of experience as a crewman, owner/operator and 
captain. He has as well been involved in the Canadian fisheries advisory process for halibut and salmon 
for the past 30 years. In addition to that, he has almost 20 years of experience as a restaurant owner 
operator/chef, which provides an additional insight into supplier/customer relationships when it 
comes to seafood. 
  
The British Columbia groundfish fishery is among the world leaders in electronic monitoring, having 
implemented an EM programme with 100% coverage in 2006 with extremely good success. The 
program was originally developed by the fishing sector itself, which has guaranteed acceptance and 
uptake by the industry. The fishery had gone through a similar process in 1991 when the industry and 
authorities co-designed an Individual quota (IQ) system, which proved to work well to facilitate 
sustainable utilisation, improved quality of catches, increasing value of catches, reducing cost and 
likelihood of accidents happening. It also eliminated uncertainty of how much total catches the 
fishermen would be able to catch per year. The IQ system included having onboard observers on 5-
10% of vessels, but fishermen soon found innovative ways of circumventing those rules. It was 
therefore soon apparent that additional solutions for monitoring compliance were needed. The 
authorities therefore gave the industry an ultimatum to come up with a solution that would guarantee 
accountability. The industry joined forces to find a solution and quickly agreed that EM would be the 
only logical option, particularly onboard the smaller boats where there is no room for observers. It 
took three years for the industry, in cooperation with private IT companies and authorities, to develop 
the programme and associated technology, and the programme was then implemented in 2006. 

The experience has been very positive for the industry. The fishermen began (after a time) to realize 
that a fully monitored fleet would eliminate the question of “trust” from the equation and allow the 
industry to begin building a relationship with management and science. How the system works now is 
that logbooks are audited against video footage and then compared to the offload. To reduce cost and 
effort 10% of fishing events are randomly audited. And in addition, the data is used in science and 
management. 

The fishermen are in general happy with the system, but a key in ensuring acceptance of stakeholders 
is the fact that the industry was empowered to develop the solution in the first place. Monitoring in 
fisheries benefits everyone - without exception! Full accountability and monitoring are now accepted 
as the new reality in the BC groundfish fishery.  
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8 Remote Electronic Monitoring of Scottish fisheries: 

Helen Holah, Marine Scotland Science 

Helen Holah is a Spatial and Remote Electronic Monitoring (REM) fisheries analyst at Marine Scotland, 
where she is working in the Fisheries Assessment and Advice team, and is responsible for REM data 
management, analysis and provision of automated visual analysis training material to partners. She is 
currently acting as the scientific lead on coordination of REM within Scottish waters. Helen holds 
degrees in Marine Ecology & Environmental Management. 
 
Scotland implemented a REM pilot programme in 2009, where seven demersal fishing vessels were 
installed with the necessary EM technology. The voluntary pilot cod catch quota scheme (CCQS) was 
then implemented in 2010, which included operating a Fully Documented Fishery (FDF) for cod. The 
results from these pilots suggest that discard rates can be significantly reduced with REM, both in 
regard to species and size high-grading. The implementation of the EU landing obligation in Scottish 
waters in 2016/17 did however change acceptance of fishermen to take part in the FDF, as the 
documentation could be used to prosecute the vessels for landing obligation infringements. The main 
obstacle for implementation of a successful REM programme is therefore the lack of acceptance from 
the industry. 
Marine Scotland has, as part of this work, been trying to develop a computer vision software & 
hardware to register catch composition by species and size. This is an ongoing initiative that can save 
time and allow for collection of valuable scientific data. This is however a complicated technology that 
is still in development.  
 
The landing obligation is presenting the Scottish seafood industry and the authorities with new 
challenges. REM can have an important role in solving some of those challenges but buy-in from the 
fishing industry is essential if it is to succeed. 
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9 The EU landing obligation and REM 

Clara Ulrich & Kristian Schreiber Plet-Hansen, DTU Aqua/IFREMER 

Clara Ulrich is the Deputy head of Science at IFREMER (French Research Institute for Exploitation of 
the Sea) and chair of STECF (the EC Scientific, Technical and Economic Committee for Fisheries). Clara 
works in the unit working on scientific strategy at IFREMER, ensuring its multidisciplinarity, quality and 
policy relevance. As deputy Head of Science Clara Ulrich mainly deals with aspects linked to ecosystem-
based fisheries management and support to national and European fisheries policies. Clara was also 
the coordinator of the H2020 project DiscardLess that finished in early 2019, but that project was 
aimed to help provide the knowledge, tools and technologies as well as the involvement of the 
stakeholders to achieve the gradual elimination of discarding in EU fisheries. 
Kristian Schreiber Plet-Hansen is an expert at the Data and Monitoring section of DTU Aqua. He has 
been Involved in data collection processes and EU projects aiming at improved efficiency, sustainability 
and compliance in fisheries, which was also part of his PhD in engineering. 
 
Clara and Kristian reviewed how the gradual implementation of the EU landing obligation had 
progressed, from initial stages in 2015 to full implementation in 2019. As part of the implementation, 
each EU member state was required to develop multiannual plans or specific annual discard plans 
detailing issues such as provision on catch documentation, species covered, minimum conservation 
reference sizes (MCRS), exemptions, de minimus discards allowances etc. As part of the compliance 
monitoring the European Fisheries Control Agency (EFCA) and the member states conducted joint 
deployment of patrol vessels and “last haul analysis” in cooperation with a reference fleet. But after 
four years of implementation, it must be admitted that there has been very little progress. The “last 
haul analysis” does for example suggest a generally widespread non-compliance [21]. The approach 
the EU took when implementing the landing obligation was to top-up TACs to meet the discards, 
meaning that quotas were increased by around 30% with the assumption that what was previously 
discarded would now be landed. The evidence now suggest that discarding is continuing and that 
catches are then likely around 30% over scientific advice. It is therefore evident that more efficient 
MCS is needed, and there is currently a strong push for REM from the commission and various NGOs, 
but there is still a reluctance for uptake in the fishing industry. The industry does for example argue 
that REM will not solve the fundamental causes of discarding in mixed fisheries, including unequal 
access to quota, choke species and technical interactions. They also have a “Big Brother” feeling that 
goes against their principle believes. In addition, it must be taken into consideration that all incentives 
previously used in REM trials (like quota top-ups, exemptions etc) have already been given away “for 
free”, and accountability has not been included upfront in the discard plans.  

The experience shows that MCS in connection with the landing obligation is lacking, and REM can be a 
part of the solution. There are however major obstacles in the way, particularly in regard to reluctance 
from the fishermen/fishing industry.  
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10 Panel discussions 

Lively panel discussions took place at the end of the conference where the following experts joined 
the presenters in the panel: 

• Hrefna Karlsdóttir from Fisheries Iceland (SFS) 
• Kristján Loftur Einarsson from Öryggismiðstöðin -> CCTV technology supplier 
• Lara Erikson from the International Pacific halibut commission 

• Christopher McGuire from The Nature Conservancy 
 
Hrefna Karlsdóttir from Fisheries Iceland (SFS), which represents the majority to the Icelandic fishing 
industry (including the catching sector, processors, marketing & distribution etc.) was asked about the 
view of SFS on REM? 
She expressed concerns regarding how rules and regulations are lacking or unclear when it comes to 
privacy and potential access & use of data derived from EM. She also pointed out that discard analysis 
from the Icelandic Marine and Freshwater Research Institute (MFRI) and the Directorate of Fisheries 
show that discarding rates by the Icelandic fleet are very low [22]* and that Implementing an REM 
programme in Iceland would therefore not necessarily be needed. The main issue is that the ITQ 
system in place enables fishing companies to buy and trade quotas when choking on species and 
landing unwanted catches without being deducted from quota** if necessary. The incentives built into 
the Icelandic ITQ system do therefore provide sufficient means for fishermen not to discard catches. 
 
 
Kristján Loftur Einarsson from Öryggismiðstöðin, was asked about the technical maturity of the 
available REM solutions, and if the currently available solutions are reliable and applicable to be 
installed onboard Nordic fishing vessels, at reasonable cost? 
Kristján pointed out that he and his company has been working on camera surveillance and EM in other 
sectors than fisheries for a long time with very good success. CCTV surveillance is now used in most 
industries, including retail, banking, law enforcement, heavy industry etc. There are of course issues 
that come up regarding reliability and privacy, but in general there is acceptance on the use of these 
solutions, and they are considered applicable. The environment onboard fishing vessels is naturally 
more demanding and there are other technical challenges to deal with, but in general the same 
principles apply. The hardware used onboard of fishing vessels needs to be tough enough for the 
difficult environment, which affects the cost. We have been working closely with the Icelandic 
Directorate of Fisheries for the past few years on technical solutions for MCS in fisheries and we are 
convinced that the solutions can be considered applicable for the majority of the Icelandic fishing fleet. 
What is reasonable cost and who is to pay is then another issue. 
  

 
* Reference added by editor 
** The so called “VS-afli“ is sold on auction markets and 20% of the sales price goes to the fishing company and 
80% is allocated to a research fund.  
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Lara Erikson from the International pacific halibut commission was asked what the experience of IPHC 
is from the use of REM for MCS? 
Lara emphasised that IPHC is an International Fisheries Organization, having Canada and the United 
States as its members, and that it is responsible for the management of stocks of Pacific halibut within 
the Pacific waters of its member states. IPHC was founded in 1923 and is heavily involved in stock 
assessment and management of the Pacific halibut. MCS is naturally of great concern for the IPHC and 
it has therefore been one of the pioneers in using EM. Electronic Monitoring solutions, including 
camera surveillance, automatic data registration, computer vision & Artificial Intelligence are now 
tools that are a part of our observer programme. The data collected using these tools are not only 
important to monitor compliance, but also important scientific data for stock assessment. 
 
 
Christopher McGuire from The Nature Conservancy, which is an NGO that has been advocating for EM 
for many years and is in the forefront of lobbying for uptake of REM on global scale. He was asked 
what the role of an NGO like his was in advocating for REM and what he thought were the main 
obstacles for implementation. 
Christopher replied by saying that the Nature Conservancy recognises the importance of wild capture 
fisheries and wants to have constructive input to ensuring sustainable fisheries. Many NGOs that are 
working on protecting the marine environment are solely focused on pointing at negative effects of 
fisheries, but we want to be a part of the solution. Reliable documentation and full accountability is a 
necessary part of sustainable fisheries and we believe that EM is an important tool to facilitate that. 
We recently published a report that identifies opportunities and barriers for implementing EM and 
provides recommendations for scaling the technology for the different fleets. For us the benefits 
clearly outweigh the barriers. We will therefore continue to advocate for EM and believe we will see a 
big change in uptake in the coming years. 
 
 
Kristian Schreiber Plet-Hansen has been awarding all of his attention to EM over the past few years, as 
he has been working on his PhD at DTU on the subject. He was asked if the Landing Obligation is a lost 
cause, and if it is ever to work is EM the only solution? 
Kristian replied by saying that the complications associated with the landing obligations were huge, of 
which MCS was only one part. The EU fleet is very fragmented, where different fleets from multiple 
member states are fishing side by side. The fact that undersized (MCRS) catches cannot be used for 
human consumption and that it is obligated to land catches that have no commercial value complicate 
things even more. The lack of infrastructure to deal with unwanted catches is also an issue on its own. 
It is therefore maybe not surprising that the implementation of the landing obligation is not perfect 
after just four years of implementation. We need to give this more time. It is then my believe that using 
REM, in one form or another, for MCS will be a necessary tool to guarantee compliance. Other means 
simply do not provide the necessary coverage. 
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Several questions and comments followed from the audience of the conference, which included 
Comments on privacy issues, especially onboard the smallest vessels that do for example not have 
toilet facilities; and comments on cost of installation, running and maintenance of the REM systems, 
and who should pay? People exchanged views on these issues and other, until they ran out of time. 
 
The chair of the conference then gave a short summary of the proceedings and expressed his gratitude 
to the presenters and all thee attendees. The conference was then adjourned.  
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11 Concluding remarks 

Electronic monitoring in fisheries are advancing and gaining momentum, as many fisheries around 
the world are either implementing elements of EM or considering doing so. It is however clear that 
EM will not solve all problems when it comes to MCS of fisheries, but can be an important tool to 
facilitate more efficient MCS and even reduce cost and/or increase coverage.  

The Nordic countries are generally considered to be world leaders in sustainable fisheries 
management, of which efficient MCS is an intrinsic part. They have however not been in the forefront 
of utilising REM technologies (possibly with the exception of Denmark) where countries such as 
Canada, US, New Zealand, Australia and Chile have paved the way. The Nordic countries are therefore 
in the position to learn from those that have gone before them, use what has proven to be successful 
and avoid making the mistakes they did.  

For the Nordic countries that are EU member states, the implementation of REM solutions can be 
controversial if other member states are not subjected to the same requirements. This is for example 
highlighted in the fact that Danish authorities have been very positive towards REM, whilst other 
member states fishing in the same waters are not. This creates an added challenge which is also 
amplified in controversy surrounding the implementation of the CFP landing obligation. 

Nordic countries that are not EU member states are to a point in a better position, as they can take 
decisions on implementation without considering what other nations are doing. This has however not 
resulted in large-scale acceptance and uptake of REM solutions in countries such as Iceland and 
Norway, as the debate on such solutions remain unresolved. Norwegian authorities are keen on using 
all kind of solutions to collect data within the seafood value chains, including REM, and use that for 
MCS and scientific purposes, but the industry remains sceptical [23]. The story in Iceland is similar, 
where a governmentally appointed expert committee recently suggested that applicability of REM 
solutions, such as camera surveillance, should be explored [24]. The Icelandic Directorate of Fisheries 
has therefore started a pilot program using drones and CCTV cameras to monitor discards, which has 
already resulted in recordings of several discarding practises that may suggest that discarding is more 
of a problem than initially believed. The pilot program is however very controversial and has received 
major criticism from the fishing industry. 

 

Several relevant pilot trials and research projects are currently ongoing in the Nordic countries. 
Examples of these are the previously mentioned drone and camera surveillance pilot project run by 
the Icelandic Directorate of Fisheries, an electronic monitoring project that the Danish Fisheries Agency 
is running in Kattegat [25], the H2020 project SMARTFISH which is coordinated by SINTEF in Norway 
and has partners in Denmark and Scotland [26]. These will without a doubt provide valuable knowledge 
that may contribute to more widespread uptake of REM solutions in the Nordic countries. 

The EU is also looking towards REM solutions to solve MCS challenges in European fisheries. The 
European Fisheries Control Agency (EFCA) has for example developed Technical guidelines and 
specifications for the implementation of REM in EU fisheries [27], and has funded several research 
projects on the issue, such as SMARTFISH and iSEAS [28]. In addition, there is a topic published within 
Horizon Europe that is titled “Digital transition supporting inspection and control for sustainable 
fisheries” where two projects will be funded [29]. The proposal deadline is in early October 2021, which 
means that two fairly large Innovation Action projects will be running from 2022-2026 exploring 
alternatives for REM solutions in European fisheries. We must believe that all of these initiatives will 
at some time be adopted for improved MCS in the Nordic countries and beyond.  
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