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ABSTRACT

Small-scale fisheries (SSF) represent over three-quarters of all active vessels in the European fleet yet remain
largely invisible in marine spatial planning due to the lack of spatial data. This data gap has contributed to the
marginalisation of SSF in policy and governance, despite their ecological, economic, and socio-cultural signifi-
cance. The recent revision of the EU Fisheries Control Regulation (CR 2023/2842), mandating vessel tracking for
all fishing vessels—including those under 12 metres by 2029—offers a critical opportunity to integrate SSF into
formal spatial and fisheries management processes. This paper synthesises insights from researchers across 24
institutions in Europe to assess the current state of SSF tracking, estimate existing coverage, and identify op-
portunities and challenges for implementing an EU-wide SSF tracking programme. We estimate that approxi-
mately 12% of the SSF fleet is currently tracked, primarily within net, trap, and dredge fisheries. While
researchers broadly recognise the value of spatial data for improved spatial planning and ecosystem assessment,
several challenges hinder implementation, including high implementation costs, limited institutional capacity,
and fragmented or incompatible data infrastructures. We recommend: (i) the development of clear technical
requirements and harmonised data protocols, (ii) leveraging tracking data to support participatory and adaptive
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management, and (iii) ensuring inclusive governance that reflects the socio-cultural dimensions of SSF. As EU
Member States move toward full implementation of CR 2023/2842, early decisions will shape not only the
technical architecture of tracking systems, but also the broader governance future of European SSF. A more
equitable and integrated approach is essential—and achievable.

1. Introduction

Small-scale fisheries (SSF) have a significant social and economic
value across all European coastlines, making notable contributions to
food security, employment, cultural identity, the resilience of small-
scale business and social cohesion in coastal communities [1,2]. In
2021, the small-scale coastal fleet' comprised 76% of the number of
active vessels in the European fishing fleet. This translated into roughly
41,200 vessels (out of 71628 vessels, of which 54213 were active) and
60,000 active fishers (out of 121,917 directly employed fishers) in the
region [3]. Despite their importance, SSF in Europe face several chal-
lenges that jeopardize their sustainability, including depletion of stocks,
poor data provision for and poorly developed stock assessments and
management procedures, limited access to fishing rights and markets,
and limited participation or representation in decision making, which
often results in the formulation and implementation of unfavourable
policies to SSF fishers [4,5].

Fishers, particularly those from SSF, are the largest group of ocean
users, however, they are often marginalised and not included in the
marine spatial planning process [6,7]. Squeezed between the expansion
of a “blue economy” agenda, which aims to stimulate sustainable eco-
nomic growth from the oceans [8], and current legislation and policy
commitments such as the Habitat Directive, Strategic Environmental
Assessment Directive, Marine Strategy Framework Directive and Mari-
time Spatial Planning Directive, SSF frequently experience physical
displacement or restricted access to fishing [9-12]. For example, in the
UK, maintaining access to fishing grounds is recognised as one of the
greatest future challenges for SSF [13].

This situation demands objective spatial and temporal evidence of
marine space use by SSF and “value” (economic, social and cultural)
derived from such use [14]. Improved spatial data can also directly
benefit fishers by strengthening socio-economic impact assessments
related to competition for space, supporting claims for continued access,
compensation, or mitigation where displacement occurs — providing
them with a just spatial representation in maps where they are usually
absent. These data are critical to informed decision making if SSF are to
be adequately represented [15-17].

Recognizing this challenge, several initiatives have aimed at map-
ping space utilisation in SSF, using data from interviews with experts,
sightings from shore, logbooks data, or aircraft patrolling [18-20].
While these sources provide information on main fishing grounds they
are often based on records of limited duration (snapshots in time), the
location of the vessels over time is insufficiently spatially resolved for
use in inshore spatial planning and they are of limited value in deter-
mining fishing effort or fleet responses to management actions. In Large
Scale Fisheries (LSF), the introduction of Vessel Monitoring Systems
(VMS) and Automated Identification Systems (AIS) resulted in increased
reporting of fishing vessel positional data at finer temporal and spatial
scales than previously possible. This enabled the identification of the
main fishing grounds and the footprint of fishing across habitats, which
improved our understanding of the impacts of fishing on the seabed
[21-24] and enhancing monitoring, surveillance and compliance,
particularly with regards to spatial regulations [25]. The recent reduc-
tion in the cost of these systems and the development of other

! These estimates only include vessels under 12 m using static gears. “Fishing
carried out by fishing vessels of an overall length of less than 12 m and not using
towed fishing gear” (Commission Regulation (EC) No. 26,2004

cost-effective technologies such as mobile apps for the collection of
fisher’s data (see [26,27]), prompted several pilot trials and initiatives
for tracking SSF vessels in Europe to bring insights into the potential use
of these technologies for spatial planning and to evaluate impacts of
fishing activities. However, these trials have occurred in isolation, with
limited coordination between different countries and the outputs have
often not been formally documented. In addition to those trials, for some
SSF fleets, real time reporting of position during a fishing trip is
mandatory, such as the razor clam fishery in Ireland [28], the hydraulic
dredge fishery in Italy [29] or the gillnet fishery targeting cod (Gadus
morhua) in Germany during 2018 [30]. In the UK, tracking is mandatory
for all < 12 m vessels in Wales, and in England this legislation came into
force in May 2025.

In November 2023, the European Parliament and the European
Council approved Regulation 2023/2842 [31], from now on CR
2023/2842). Recognising the value of SSF in the EU, from a biological,
economic and social perspective, and considering the impacts that SSF
can have on stocks, this regulation highlights the importance of moni-
toring compliance of smaller vessels within the rules of the Common
Fisheries Policy (CFP) and amends Council Regulation No1224,/2009
[32] which establishes a control system for ensuring compliance with
the CFP. Under the EU Common Fisheries Policy (CFP), the management
of small-scale fisheries (vessels <12 m) is primarily the responsibility of
individual Member States, although it operates within the broader EU
regulatory framework. The revised CR states that Member States should
be able to track all fishing vessels, including vessels less than 12 m in
length and to receive position data from them at sufficiently short in-
tervals. These vessel tracking systems should be either developed at a
national or EU level and should enter into force gradually from 10
January 2026-2029. There is a provision in CR 2023/2842 to exempt
some vessels of less than 9 m from tracking until 31 December 2029.

In line with this impending shift in reporting obligations for SSF in
Europe, the current study aims to describe the status of SSF vessel
tracking in Europe, by compiling information on the extent and types of
fleets currently being tracked. We then gather existing experiences from
researchers working with vessel tracking systems and data to assess the
challenges and opportunities that might arise from the establishment of
a Europe-wide mandatory vessel tracking programme. We provide rec-
ommendations to prepare and enhance the implementation of CR 2023/
2842, including an urgent call for system requirements and harmo-
nisation of data handling protocols to enhance services and data pro-
vision for SSF that will increase the scope for sustainable management of
these fisheries.

2. Methods
2.1. Overview of vessel tracking experiences in Europe

To get an overview of the extent and status of SSF vessel tracking in
Europe, including EU and non-EU countries, we surveyed a network of
experts attending the second ICES Workshop on Small-Scale Fisheries
and Geospatial Data (WKSSFGEO2) [33], 13-17th March 2023. The
workshop participants were from 24 research institutions from 15 EU
and non-EU member states countries and are responsible for the
deployment of tracking systems and/or analysis of tracking data and/or
providing fisheries management advice. We decided to include selected
non-EU countries (e.g., Iceland and the UK) to broaden the range of
expert perspectives, particularly because these countries have already
implemented national mandatory tracking systems for all vessels.
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Respondents were selected based on their direct involvement in
vessel-tracking data within each country, as only these experts can
accurately identify the number of vessels monitored and the fisheries in
which tracking occurs. Questions included information on the types of
tracking systems used to obtain geopositional data, together with spe-
cific information on the fleets being tracked (e.g. number of vessels, gear
used, species targeted, purpose of tracking and temporal resolution) (see
Sup. Mat. 1). While recognising that the definition of SSF varies across
countries, for the purposes of this study and to facilitate discussions
concerning the CR2023/2842, we have constrained the definition of SSF
to all commercial fishing vessels < = 12 m in length. The systems were
grouped into three main categories that all use the Global Navigation
Satellite System (GNSS) to provide global positioning: VMS (which uses
satellite linked communication to transmit messages), AIS (which uses
radio frequency transceivers) and other tracking devices (e.g. iVMS or
generally called GPS tracking devices) that use mobile communications
technologies (MCT) such as General Packet Radio Service (GPRS) or
Global System for Mobile Communications (GSM). Fishing gears were
classified using FAO fact sheets (https://www.fao.org/fishery/en/
geartype/search). Percentage of vessels tracked was estimated using
the number of vessels identified as tracked through the survey divided
by the number of < 12 m vessels per country taken from the EU Fleet
Register (https://webgate.ec.europa.eu/fleet-europa/index_en).

2.2. Opportunities and challenges

A semi-structured interview was conducted with researchers with
experience of vessel tracking systems and data analyses in their coun-
try’s fishing fleets (11 researchers from 11 institutions). The interview
aimed to identify strengths and opportunities (hereafter opportunities)
and challenges and threats (hereafter challenges) that could arise from
implementing a mandatory (nationwide) vessel tracking system in SSF
(Sup. Mat. 2). Responses were presented in the plenary of the
WKSSFGEO2 [33] and validated through a group discussion with all
workshop participants (38 researchers from 24 institutions). Three au-
thors (LS, AMC, and TM—who were not among the interviewees)
independently grouped the responses into major themes. They then met
to review each theme, discuss discrepancies, and reach a consensus on
the final classification. A word cloud was produced using Python
wordcloud library to visualize the main themes discussed by participants
(https://pypi.org/project/wordcloud/). In the word cloud, the font size
depicts the number of responses that were categorised into one of the
agreed themes.

2.3. Vessel anonymity rule in SSF

The Regional Coordination Groups agreed in 2018, that, in agree-
ment with the General Data Protection Regulation directive [34] each
unit of confidential fisheries data published must contain at least three
distinct individuals [35]. The EU Control Regulation (1224/2009)
Article 113 on ‘Confidentiality of professional and commercial secrecy’
states that Member States and the EU Commission shall ensure that data
are treated in accordance with applicable rules on professional and
commercial secrecy. In practical terms, and for the purpose of depicting
spatial fisheries data, it was agreed that when data are published as
maps, sensitive values should be suppressed from maps if there are less
than three different vessels operating in each grid cell or the data should
be aggregated so that each aggregation contains at least three different
vessels [36]. The problem becomes larger the more finely scaled and
disaggregated (e.g., per quarter, month, day, meter level) the data are to
be presented. We assessed the potential implications of this directive on
the depiction of fishing activities in SSF. This is extremely important in
fisheries using gears such as traps or longlines, which usually are highly
territorial, or in fisheries that are not concentrated in a few areas, and
where therefore the probability of having less than three vessels would
be higher.
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AIS data from longline fisheries in Iceland was used to assess the
implications of using the “three vessel rule” by mapping the distribution
of all fishing activities into two spatial grid resolutions: 1 x 1 km and
5 x 5 km. Aggregating data into spatial grids is the most common
approach to show fishing activities to date [37]. The positional and
speed data are collected at around 10-minute resolution. This informa-
tion was used in conjunction with captains reporting of start and end
time of a setting to spatially demarcate the fishing event.

3. Results
3.1. Overview of vessel tracking experiences in Europe

Survey responses indicated that currently, around 6080 vessels
(<12 m LOA) are being tracked across Europe (Fig. 1), representing
approximately 12% of the total SSF fleet (50,265 vessels, including 4159
in the UK and 1800 in Iceland) [38,39]. This high proportion is primarily
driven by countries that have already implemented nationwide
mandatory tracking. In the UK, tracking programmes have been intro-
duced in Wales (~350 vessels) (Fishing [40]) and England (~1800
vessels) [41]. In Iceland mandatory use and reporting via AIS is in place
(1800 vessels, Hjorleifson, pers. comm). Norway has recently (2023)
started mandatory tracking for vessels between 10 and 12 m (1785
vessels). Some countries have adopted fleet or region-wide tracking
programmes, for example, in Portugal, Denmark, Ireland and Scotland
all fishing vessels using dredges, or particular types of dredges, to catch
bivalves are equipped with positional trackers [42-44]. In Scotland,
position and effort are collected for all vessels in the electrofishing fleet
targeting razor clam [45]. In France, vessels using nets, trawl and
dredges in some regions are required to install VMS systems [46,47]. In
Ireland, vessels using pots and set nets and providing self-sampling data
for scientific purposes are tracked as a condition of contract and pay-
ment for self-sampling data. Additionally, regional tracking programmes
are being implemented in Spain: in Andalucia, the system started for
some fleets in 2005 [48], while in other Spanish regions implementation
has started more recently such as in Murcia (2016), Balearic Islands
(2019) and Cantabria (2021) [49-51].

European vessel tracking programmes for SSF primarily rely on MCT
to transmit data (Fig. 1). In most cases, spatial reporting is not conducted
in real time except when within range of mobile networks. However,
positional data continues to be recorded throughout vessels’ trips and is
then transmitted when the vessel is within range of a mobile telephone
network. In Norway, both satellite and mobile communication tech-
nologies are used, depending on the operational range of vessels. AIS
systems were only mentioned by scientists in Denmark and Iceland,
despite evidence from Global Fishing Watch (GFW) public data portal
(https://globalfishingwatch.org/data-download/)  indicating  that
approximately 1341 vessels < = 12 m using these devices in 2023 [52].
It is unclear whether these are the same vessels currently tracked with
MCT or VMS technologies or if they constitute additional tracked
vessels.

SSF vessel tracking primarily covers vessels using nets, pots and
traps, and dredges, which represent the gears commonly used by SSF in
Europe (Fig. 1). The main target catch assemblage groups were demersal
fish, molluscs and crustaceans. The frequency with which vessel posi-
tions are recorded may be prescribed as well as the frequency with
which the vessel positions are transmitted via mobile or satellite
communication to a server. Survey responses indicated that VMS
tracking systems used in SSF acquired position data every 5-60 min
(Fig. 2). MCT tracking systems mostly acquired data every 3 min,
although this mainly represents the frequency set in England. The
temporal resolution varied between gears, with dredges, pots and traps,
gillnets, and hooks and lines generally tracked with frequencies of less
than 10 min, compared to trawls, which had a lower temporal fre-
quency, related to the use of VMS for tracking trawlers in France.
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Fig. 2. Boxplot of temporal resolution for a) tracking systems and b) gear type. Note vertical axis is depicted in logarithmic scale.

3.2. Opportunities and challenges was highlighted as a critical factor for effective marine spatial man-
agement and planning. This included the ability to resolve spatial con-

The benefits of implementing a mandatory, nationwide vessel flicts (5 out of 89)—both among different fishing fleets and between
tracking system in SSF were widely recognised by interviewees. fisheries and other sectors, such as offshore renewable energy de-
Perceived benefits included enhancing spatial management (mentioned velopments, marine protected areas, aquaculture farms, and recrea-
19 times out of 89), promoting sustainable fisheries (11 mentions) and tional, tourism or leisure activities. Participants mentioned the ability to
improving the assessment of fisheries' ecological impacts (9 mentions, identify the most important fishing grounds (through fishing effort
Fig. 3a). Improved knowledge of the spatial dynamics of fishing fleets proxies or being able to link landings value to effort) to inform decision
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Fig. 3. Word cloud indicating the main themes around a) opportunities and b) challenges of the implementation of a nationwide vessel tracking system.

makers (4 out of 89).

Sustainable management of SSF was also emphasised (11 mentions),
particularly the value of increased data availability to enhance fisheries
effort assessments, improve fisheries advisory processes, and support the
designation of exclusive SSF zones. Interviewees suggested that tracking
data could also be beneficial to fishers, as it could enable them to access
new fishing grounds, as long as the track data was not publicly available.
An example of a tracking system that has benefitted fishers is the
German programme using the smartphone MOFI-app for self-reporting
of fishing activities. Using this app, fishers successfully regained ac-
cess to previously closed areas by demonstrating that their fishing ac-
tivities were conducted strictly in waters shallower than 20 m. [27].

The ability to accurately estimate the ecological impacts of fish-
eries—including assessment of the risk of bycatch by overlaying SSF
activity on endangered and protected species distribution model layers,
on benthic ecosystems, and overall fishing footprint—was identified as a
key benefit, ranking third in importance (9 out of 89).

The analysis of the challenges associated with implementing a
nationwide vessel tracking system identified 10 themes with a total of 54
mentions during the interviews. Institutional capacity as the most
frequently mentioned concern among respondents (15 out of 54,
Fig. 3b). This challenge encompassed issues related to the lack of
appropriate databases and data architectures capable of handling large
volumes of information, including data storage, preprocessing, analysis,
and long-term database maintenance. Cybersecurity risks were high-
lighted as a critical concern, necessitating robust measures to safeguard
sensitive data and prevent system vulnerabilities.

Several interviewees highlighted the risk of negative reactions from
fishers (10 out of 54), particularly if reporting requirements are
perceived as burdensome, which could further contribute to attrition
from the sector. The financial burden of implementing a nationwide
tracking system was another major challenge (9 out of 54). Respondents
noted that costs extended beyond the initial purchase and installation of
tracking equipment to include expenses related to data transmission,
ongoing technical support, and database management.

Another key challenge in advancing the monitoring of SSF in Europe
was the lack of integration of vessel tracking data into statutory or
commonly accessible databases (5 out of 54). While several regional and
pilot initiatives have been undertaken, these efforts remain fragmented,
with (e.g. AIS, VMS, MTC). Interviewees emphasised persistent
compatibility issues, as users often struggle to merge datasets derived
from disparate systems into a coherent and interoperable format (2 out
of 54). Concerns were also raised regarding the reliance on private
service providers, whose financial instability could jeopardise long-term
data continuity and system maintenance. Premature implementation of
monitoring systems—prior to the definition of standardised data types

and formats—was perceived as a risk that may result in unnecessarily
complex data structures, complicating downstream processes such as
data analysis, management, and enforcement. Ambiguity around tech-
nical requirements was identified as a risk factor, particularly in relation
to defining an optimal reporting resolution of vessel position which is
still sufficiently frequent to detect fishing activity.

3.3. Vessel anonymity rule in SSF

The Icelandic case study demonstrates that the application of vessel
anonymity rules significantly affects the spatial representation of AIS-
derived fishing effort data. For the Icelandic longline fleet, the
requirement that each grid cell must contain data from a minimum of
three vessels to maintain anonymity leads to substantial information loss
when mapping fishing activity. When using a 5 x 5 km grid, 30% of the
annual fished area contain one distinct vessel, and 22% two distinct
vessels (cells that would be retained shown in yellow, Fig. 4a), while at
the finer 1 x 1 km resolution, the values are 58% and 24% respectively
(Fig. 4b). This pattern is consistent with findings from the ICES WGSFD,
which noted that implementing a three-vessel threshold for data ag-
gregation led to the removal of 27-72% of spatial cells, with the greatest
data loss occurring in peripheral areas and among smaller metiers [36].

4. Discussion

The overview of vessel tracking initiatives across Europe reveals an
uneven landscape of SSF coverage. Although approximately 6080 ves-
sels are currently tracked—around 12% of the European SSF fleet-
—coverage remains strongly influenced by national regulatory
frameworks. Countries that have implemented mandatory, nationwide
programmes, such as England, Wales, Iceland and Norway, contribute
disproportionately to overall tracking numbers. These countries typi-
cally use reporting frequencies of around 10 min, with England adopting
a higher-resolution 3-minute interval, suggesting that in these countries,
tracking is intended to support fisheries management rather than solely
used for monitoring and control.

Most systems rely on mobile communication technologies (MCT),
which remain the primary means of transmitting positional data. While
some AIS data are available, limited integration to other data sources
might be explained by issues such as the lack of coverage in some areas
[53,54], the vessel’s ability to intentionally disable it’s AIS device [55,
56], and the absence of a standardised link between AIS unique identi-
fiers and primary vessel registration numbers (e.g., common fleet reg-
ister identifier) [57,58]

Researchers widely recognised the significant opportunities offered
by nationwide vessel tracking in small-scale fisheries, particularly for
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Fig. 4. Spatial distribution of longline fisheries in Iceland showing number of distinct vessels operating in: a) 5 x 5 km and b) 1 x 1 km grid cell resolution. Under
the current “three vessel rule” recommendation, only the yellow shaded cells would be presentable.

improving spatial management and supporting sustainable fisheries. By
enhancing the accuracy of spatial fishing effort data, tracking
strengthens stock assessments, ecosystem-based management, trans-
parency, and marine spatial planning, thereby contributing to more
effective implementation of the Common Fisheries Policy. In a world-
wide review of marine spatial plans, Trouillet et al. [7] found that
about half of plans contained no information on the distribution of
fishing activities. Vessel tracking data could assist in identifying stake-
holders, in mapping existing fishing activity and its associated metrics
against existing and proposed areas of human activities and in mini-
mising opportunity costs for SSF in marine spatial planning trade-offs
generally [59]. Vessel tracking data have already been used in LSF to
estimate impact on benthic habitats and ecosystems [60,61], improving
understanding of bycatch risk [62], and overall fishing footprint [54,
63], demonstrating the potential relevance for SSF.

Despite these opportunities, several challenges may hinder wider
implementation. Key concerns include institutional capacity and the
financial burden associated with device procurement, data transmission,
and long-term maintenance. The nationwide tracking application and
procurement programme in England reported over 80% of the English
under-12 m fleet having purchased and installed a device and claiming
back £ 1.3 million from the European Maritime, Fisheries and Aqua-
culture Fund (EMFAF) by December 2023. The Maritime Management
Organisation stipulated that purchase and installation costs of up to
£ 1050 (~1270€) would be covered by EMFAF funding. As about 80% of
vessels have been equipped, we estimate a cost of ~ £ 720 per device. If
the same business model was applied to all remaining European vessels
(All EU vessels, not including Iceland and the UK - 44306) £ 31.9 million
or €41.9 million would be claimed from the Fund. Although lower-cost
alternatives—adapted from the vehicle transport sector—have been
successfully tested in SSF [64,65], MCT systems vary in cost, durability
and failure rates, implying trade-offs. The true long-term costs of
maintenance, service provision, and data management will become
clearer as more systems are implemented.

5. Recommendations to enhance CR 2023/2842 implementation

Given that CR 2023/2842 is expected to be operationalised within
the coming years, we outline a set of recommendations aimed at
enhancing its uptake and implementation (Fig. 5).

a) Urgent call for system requirements specification and harmo-
nisation
The lack of clear guidance on the requirements and technical
specifications for vessel tracking systems across the EU or at Member
State level one year before the implementation of the CR 2023/2842
is a significant weakness that needs to be clarified promptly. Data
formats required for reporting (e.g. timestamp in UTC, latitude and
longitude formats in degrees, positional accuracy) are required to
guarantee interoperability between Member States. Harmonised
data standards including metadata protocols that clearly define
when, how, and by whom data can be stored, transmitted, and uti-
lised are needed [66,67]. These practices align with the FAIR data
principles by ensuring that data is also findable through consistent
metadata, accessible via standardized protocols, and reusable due to
clear documentation and provenance. Device specifications need to
be agreed on, including, for example, whether the device can
incorporate geofence alerts, where changes in reporting frequency
are triggered or notifications are sent triggered when inside a define
spatial perimeter [25,68]. Another important specification needed is
whether the device must be able to connect to fishing winch equip-
ment, to enable the identification of gear deployment [65]; or cam-
era systems, to quantify fishing effort, catches, and discards [69].
These specifications are critical to fisheries management, specifically
identify fishing operations and/or to validate models to infer fishing
operations (see section below). Leadership in implementing harmo-
nized data standards and device specifications should come from
EU-level bodies such as The Directorate-General for Maritime Affairs
and Fisheries and The Joint Research Centre, supported by advisory

ENHANCING THE UPTAKE AND IMPLEMENTATION OF MANDATORY
VESSEL TRACKING

System requirements,
data and harmonisation

Shift from control to
participatory management equity

Tracking data for social

Fig. 5. Recommendations aimed at enhancing the uptake and implementation of mandatory vessel tracking for SSF in Control Regulation 2023/2842.
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organizations like ICES and the Scientific, Technical and Economic
Committee for Fisheries. These entities can coordinate with Member
States and technology providers to ensure interoperability, compli-
ance with FAIR principles, and integration of SSF spatial data into EU
advisory frameworks. This is undoubtedly a challenge, but there are
ongoing initiatives (e.g. “Enhancing Monitoring for Sustainable
Small-scale Fisheries project” funded by the European Maritime,
Fisheries and Aquaculture Fund) that provide an important founda-
tion for coordination, knowledge exchange, and the development of
common technical approaches. Building on such initiatives could
accelerate the establishment of harmonised standards and practical
guidance, reducing fragmentation across Member States.

Standardised workflows for data cleaning, quality control, and
analysis are needed to integrate SSF tracking data from VMS, AIS,
and MCT systems. Currently, research groups apply procedures
independently, and although efforts to standardise analyses have
begun [43,70,71], integration into EU advisory bodies remains
limited, as spatial SSF data are not yet requested in annual data calls.
Clear guidelines and considerations are also needed for the outputs
generated. A persistent challenge is maintaining vessel anonymity,
particularly for static gears while producing relevant information (e.
g. maps) for spatial planning. Using fishing-operation metrics, such
as engine power or Swept Area Ratio [72], offers a way to preserve
confidentiality while providing spatial effort information. However,
such approaches may be less suitable for passive gears, underscoring
the need for alternative strategies that balance data utility with
confidentiality requirements.

CR 2023/2842 stipulates that “Member States should be able to ...
receive position data from them at regular and sufficiently short in-
tervals”, though the exact interval is not yet defined. ICES WGSFD
recommends an acquisition frequency of position data of every 30 s
for SSF [33,73] to accurately capture effort metrics for passive gears,
such as soak time, hook or trap counts, and net length. This recom-
mendation is based on case studies showing that decreasing the
frequency to five minutes can lead to a reduction in the estimated
area fished by over 30% [43,74,75], with the largest discrepancies
observed in smaller vessels. Such underrepresentation has significant
implications: vessels under 8 m in length, which typically conduct
shorter fishing operations and more spatially constrained fishing
trips, are particularly affected by lower-resolution data. While con-
cerns exist about data storage and management, empirical evidence
indicates that 30-second tracking generates only ~75 MB per vessel
annually, far less than the data produced by camera-based electronic
monitoring systems (ranging from 500 MB to over 300,000 MB per
hour, depending on environmental light conditions - Gildas Gle-
marec and Helen Holah, pers. comm.).

Finally, vessel tracking data alone is insufficient to determine
when a vessel is actively fishing and several methods have been
developed to infer fishing operations [43,76,77]. To assess which
method performs best, it must be linked with validation data from
sources such as logbooks, onboard observers, or sensors to accurately
identify fishing operations and the specific gear used. While valida-
tion may involve additional effort, many countries already have
on-board observer programmes and remote electronic monitoring
(REM) systems in place. The key task is to collate and integrate these
existing data to inform and validate models for inferring fishing ac-
tivities. Importantly, this validation should be incorporated into
Member States’ research activities to ensure that fishing-detection
methods are accurate, consistent, and aligned with national moni-
toring and management objectives.

b) Shift from control to participatory management

Vessel tracking programmes are usually implemented for MCS
rather than as part of a broader, participatory fisheries management
strategy, which can be a barrier to the acceptance and beneficial use
of these technologies (e.g. [78]). CR 2023/2842 exemplifies a
top-down governance approach that aligns with regulatory trends
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observed in other national and regional contexts, including England,
Wales, Iceland, and Norway. While tracking programmes represent a
significant step towards improved MCS, they frequently sideline
opportunities for co-management and collaborative governance.
Achieving widespread deployment of tracking systems for SSF may
be a challenge but it is also an opportunity for SSF. Control cannot be
seen as the one and only reason for use of these systems. SSF stake-
holder buy in is crucial in this respect.

Involving fishers in the co-design, deployment, and oversight of
tracking programmes can build trust, increase adoption, and support
long-term sustainability [79-81]. CR 2023/2842 lacks explicit pro-
visions for stakeholder input or technical specifications, potentially
limiting legitimacy and uptake among SSF communities. Privacy
concerns and data ownership remain significant issues, as many
fishers consider their fishing locations commercially sensitive [82,
83]. Clearly communicating the purpose of data collection, owner-
ship, access, and potential benefits is essential and should ideally be
co-developed with fishers prior to implementation [80]. Our study
engaged only with researchers, and further work is needed to un-
derstand fishers’ concerns, preferences, and priorities, to ensure that
tracking programmes are designed in a way that is acceptable,
practical, and beneficial for SSF communities.

Low-cost, widely accessible digital technologies—coupled with
rapid data processing and analysis systems—present new opportu-
nities to enhance stakeholder engagement and support adaptive
management frameworks. Traditional forms of top-down fisheries
governance will need to be reassessed and adapted to accommodate
the ability of more localised and data rich management structures to
take decisions relevant to the sustainability of the fisheries locally
and regionally [84]. Providing fishers with access to their own data,
alongside relevant benchmarks, positions them as active participants
rather than passive data providers, increasing trust, legitimacy, and
compliance. Artificial intelligence (AI) further expands these possi-
bilities by automating analyses, tailoring outputs for diverse stake-
holders, and enabling real-time or near-real-time feedback [26].
Such systems have the capacity to transform unidirectional infor-
mation flows—typically from fisher to regulator—into dynamic,
iterative exchanges of knowledge. In doing so, they lay the founda-
tion for co-produced, adaptive governance mechanisms that respond
more effectively to local realities and rapidly changing environ-
mental and socio-economic conditions and encourage greater buy-in
and uptake of innovative fishery-dependent data technologies (see
[26]).

c) Tracking data and social equity

As vessel tracking becomes central to fisheries monitoring and
spatial planning, equity considerations—such as inclusive participation,
transparency, and data access for fishers—are critical [79]. Although CR
2023/2842 encourages financial support for small-scale fisheries (SSF)
via the European Maritime Fisheries and Aquaculture Fund, historically
most funding has favoured large-scale operators [85] raising concerns
about equitable access.

Mandatory vessel tracking data will likely be used to generate maps
of fishing activity for management and spatial planning. Currently,
fishing effort—estimated from vessel positions and inferred fishing
activity—is the main variable used, typically aggregated into spatial
grids [86]. However, simply summing effort can unfairly weight areas
with more vessels or longer fishing durations as more important,
potentially misrepresenting the relative value of different fishing
grounds [86]. Such maps may also fail to recognise culturally significant
grounds or customary rights, particularly for SSF [7,87]. Low tracking
frequency and the “three-vessel anonymity rule” can further under-
represent smaller vessels, leading to skewed depictions of space use.
Incorporating socio-economic data, such as dependency or vulnerability
indexes, could help address some of these inequities, but their devel-
opment relies on the successful integration of SSF landings data, which
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remains limited and lacks a clear implementation timeline [88].
6. Conclusions

The introduction of mandatory tracking of SSF fleets in Europe
through CR 2023/2842 opens many opportunities for these fisheries
including adaptive and participatory fisheries management, improved
evaluation of the importance of these fisheries to EU coastal commu-
nities and capacity to integrate SSF in all spatial planning and policy
decisions. Put simply, SSF will be on the map. By enabling consistent,
high-resolution monitoring of SSF activity, the regulation has the po-
tential to support more adaptive and participatory fisheries manage-
ment, ensure that the true spatial and socioeconomic importance of SSF
is recognised, and meaningfully integrate these fleets into marine spatial
planning and broader policy processes. If implemented effectively, SSF
will finally be fully visible in EU decision-making—an essential step for
safeguarding the resilience of coastal communities.

Realising this potential, however, depends on the rapid development
and adoption of harmonised systems for data collection, integration,
analysis, and modelling, alongside strong engagement with fishers and
national administrations. With tracking systems already being rolled out
across Member States, ensuring fitness for purpose is urgent—not only
for monitoring and control but also for management, planning, equity,
and long-term sustainability. Achieving a complete, standardised over-
view of SSF activity at EU scale would be a landmark achievement, but it
requires coordinated guidance, technical coherence, and trust-building
with stakeholders to ensure that the system delivers meaningful bene-
fits for both fisheries management and the SSF sector itself.

CRediT authorship contribution statement

Tania Mendo: Writing — original draft, Validation, Project admin-
istration, Methodology, Funding acquisition, Formal analysis, Data
curation, Conceptualization. Anna Mujal-Colilles: Writing — review &
editing, Validation, Methodology, Formal analysis. Einar Hjorleifsson:
Writing — review & editing, Methodology, Formal analysis. Pamela
Lattanzi: Writing — review & editing, Methodology, Investigation. Luca
Marsaglia: Writing — review & editing, Formal analysis, Data curation.
Mark James: Writing — review & editing, Conceptualization. Marta M.
Rufino: Writing - review & editing. Helen Holah: Writing — review &
editing. Oliver Tully: Writing — review & editing. Jose Rodriguez-
Gutierrez: Writing — review & editing. Patrik Jonsson: Writing — re-
view & editing. Estanis Mugerza: Writing — review & editing. Josefine
Egekvist: Writing — review & editing. Timothy Emery: Writing — re-
view & editing. Hannah Ladd-Jones: Writing — review & editing,
Investigation, Data curation. Grant Course: Writing — review & editing,
Investigation. Julien Rodriguez: Writing — review & editing. Maria
Mateo: Writing — review & editing. Christian von Dorrien: Writing —
review & editing, Validation. André N. Carvalho: Writing - review &
editing. Anna Nora Tassetti: Writing — review & editing. Lara Salvany:
Writing - review & editing, Methodology, Investigation, Formal anal-
ysis, Data curation.

Declaration of Competing Interest
The authors declare no conflicts of interest.
Acknowledgements

MMR is funded by a DL57 contract awarded by IPMA within the
project "Small scale fisheries and harvest monitoring program" (MOPPA)
funded by the Fisheries Operational Programme (MAR-014.7.2-
FEAMPA-0005) and by Map-SSF EEA/BHR/24/001 - Assessing small-
scale fishing activity and pressure on Europe’s marine ecosystems. PL
was supported by the National Recovery and Resilience Plan (NRRP),
Mission 4 Component 2 Investment 1.4 - Call for tender No. 3138 of 16

Marine Policy 190 (2026) 107139

December 2021, rectified by Decree n.3175 of 18 December 2021 of
Italian Ministry of University and Research funded by the European
Union — NextGenerationEU, in the framework of the NBFC - National
Biodiversity Future Center (project code CN_00000033, Concession
Decree No. 1034 of 17 June 2022 adopted by the Italian Ministry of
University and Research, CUP B83C22002930006). This study was
carried out within the International FishMed PhD Program “Innovative
technologies and sustainable use of Mediterranean Sea fishery and
biological resources”. "TM thanks Jeremy Lyle for his support—and for
keeping the running pace manageable." We would also like to thank the
two anonymous reviewers for their time and suggestions that helped
improve this manuscript.

Data availability
Data will be made available on request.

References

[1] Macfadyen, G., P. Salz & R. Cappell, 2011. Characteristics of small-scale coastal
fisheries in Europe. vol IP/B/PECH/IC/2010-158 European Parliament,
Directorate-General for Internal Policies of the Union Brussels, 162.

[2] C. Pita, J.J. Pascual-Fernandez, M. Bavinck, Small-Scale Fisheries in Europe:
Challenges and Opportunities, in: J.J. Pascual-Fernandez, C. Pita, M. Bavinck
(Eds.), Small-Scale Fisheries in Europe: Status, Resilience and Governance,
Springer International Publishing, Cham, 2020, pp. 581-600.

[3] European Commission, The 2022 annual economic report on the EU fishing fleet
(STECF 22-06), Publications Office of the European Union, 2022.

[4] R. Froese, H. Winker, G. Coro, N. Demirel, A.C. Tsikliras, D. Dimarchopoulou,

G. Scarcella, M. Quaas, N. Matz-Liick, Status and rebuilding of European fisheries,
Mar. Policy 93 (2018) 159-170, https://doi.org/10.1016/j.marpol.2018.04.018.

[5] A. Murillas-Maza, A. Garcia-Allut, M. Aranda, C. Pazos, A. Iriondo, M. Montero,
Enhancing the participation of small-scale fishing sector in decision-making: good
practices from Atlantic in EU, Mar. Policy 129 (2021) 104533, https://doi.org/
10.1016/j.marpol.2021.104533.

[6] P.J. Cohen, E.H. Allison, N.L. Andrew, J. Cinner, L.S. Evans, M. Fabinyi, L.

R. Garces, S.J. Hall, C.C. Hicks, T.P. Hughes, S. Jentoft, D.J. Mills, R. Masu, E.
K. Mbaru, B.D. Ratner, Securing a just space for small-scale fisheries in the blue
economy, Front. Mar. Sci. 6 (2019) 2019, https://doi.org/10.3389/
fmars.2019.00171.

[7] B. Trouillet, Aligning with dominant interests: the role played by geo-technologies
in the place given to fisheries in marine spatial planning, Geoforum 107 (2019)
54-65, https://doi.org/10.1016/j.geoforum.2019.10.012.

[8] World Bank, The potential of the blue economy: increasing long-term benefits of
the sustainable use of marine resources for small island developing states and
coastal least developed countries, World Bank, 2017.

[9] M. Hadjimichael, Losing Space: The Rise of the Blue Economy and the
Marginalisation of Small-Scale Fishers in Cyprus, in: J.J. Pascual-Fernandez,

C. Pita, M. Bavinck (Eds.), Small-Scale Fisheries in Europe: Status, Resilience and
Governance, Springer International Publishing, Cham, 2020, pp. 105-123.

[10] I. Maina, S. Kavadas, V. Vassilopoulou, F. Bastardie, Fishery spatial plans and effort
displacement in the eastern Ionian Sea: a bioeconomic modelling, Ocean Coast.
Manag. 203 (2021) 105456, https://doi.org/10.1016/j.0cecoaman.2020.105456.

[11] J.J. Pascual-Fernandez, D. Florido-del-Corral, R. De la Cruz-Modino, S. Villasante,
Small-Scale Fisheries in Spain: Diversity and Challenges, in: J.J. Pascual-
Fernandez, C. Pita, M. Bavinck (Eds.), Small-Scale Fisheries in Europe: Status,
Resilience and Governance, Springer International Publishing, Cham, 2020,
pp. 253-281.

[12] A. Vella, N. Vella, Maltese Small-Scale Fisheries: Halting the Decline, in: J.

J. Pascual-Fernandez, C. Pita, M. Bavinck (Eds.), Small-Scale Fisheries in Europe:
Status, Resilience and Governance, Springer International Publishing, Cham, 2020,
pp. 213-229.

[13] D. Symes, E. Cardwell, J. Phillipson, UK Small-Scale Fisheries: Status, Devolved
Responsibility and the Challenge of Sustainability, in: J.J. Pascual-Fernandez,

C. Pita, M. Bavinck (Eds.), Small-Scale Fisheries in Europe: Status, Resilience and
Governance, Springer International Publishing, Cham, 2020, pp. 351-368.

[14] H. JanBen, F. Bastardie, M. Eero, K.G. Hamon, H.-H. Hinrichsen, P. Marchal, J.
R. Nielsen, O. Le Pape, T. Schulze, S. Simons, L.R. Teal, A. Tidd, Integration of
fisheries into marine spatial planning: Quo vadis? Estuar. Coast. Shelf Sci. 201
(2018) 105-113, https://doi.org/10.1016/j.ecss.2017.01.003.

[15] K. Metcalfe, N. Bréheret, E. Chauvet, T. Collins, B.K. Curran, R.J. Parnell, R.

A. Turner, M.J. Witt, B.J. Godley, Using satellite AIS to improve our understanding
of shipping and fill gaps in ocean observation data to support marine spatial
planning, J. Appl. Ecol. 55 (4) (2018) 1834-1845, https://doi.org/10.1111/1365-
2664.13139.

[16] A.N. Tidd, Y. Vermard, P. Marchal, J. Pinnegar, J.L. Blanchard, E.J. Milner-
Gulland, Fishing for space: fine-scale multi-sector maritime activities influence
fisher location choice, PLOS ONE 10 (1) (2015) 0116335, https://doi.org/
10.1371/journal.pone.0116335.


http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref1
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref1
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref1
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref1
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref2
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref2
https://doi.org/10.1016/j.marpol.2018.04.018
https://doi.org/10.1016/j.marpol.2021.104533
https://doi.org/10.1016/j.marpol.2021.104533
https://doi.org/10.3389/fmars.2019.00171
https://doi.org/10.3389/fmars.2019.00171
https://doi.org/10.1016/j.geoforum.2019.10.012
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref7
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref7
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref7
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref8
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref8
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref8
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref8
https://doi.org/10.1016/j.ocecoaman.2020.105456
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref10
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref10
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref10
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref10
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref10
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref11
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref11
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref11
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref11
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref12
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref12
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref12
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref12
https://doi.org/10.1016/j.ecss.2017.01.003
https://doi.org/10.1111/1365-2664.13139
https://doi.org/10.1111/1365-2664.13139
https://doi.org/10.1371/journal.pone.0116335
https://doi.org/10.1371/journal.pone.0116335

T. Mendo et al.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]
[39]

M.S. Campbell, K.M. Stehfest, S.C. Votier, J.M. Hall-Spencer, Mapping fisheries for
marine spatial planning: gear-specific vessel monitoring system (VMS), marine
conservation and offshore renewable energy, Mar. Policy 45 (2014) 293-300,
https://doi.org/10.1016/j.marpol.2013.09.015.

F. Grati, E. Azzurro, M. Scanu, A.N. Tassetti, L. Bolognini, S. Guicciardi, S. Vitale,
D. Scannella, P. Carbonara, B. Dragicevi¢, Z. Ikica, A. Palluqi, B. Marceta,

H. Ghmati, A. Turki, M. Cherif, M. Bdioui, O. Jarboui, N. Benhadjhamida,

J. Mifsud, N. Milone, L. Ceriola, E. Arneri, Mapping small-scale fisheries through a
coordinated participatory strategy, Fish Fish. 23 (4) (2022) 773-785, https://doi.
org/10.1111/faf.12644.

A. Kafas, A. McLay, M. Chimienti, B.E. Scott, 1. Davies, M. Gubbins, ScotMap:
participatory mapping of inshore fishing activity to inform marine spatial planning
in Scotland, Mar. Policy 79 (2017) 8-18, https://doi.org/10.1016/j.
marpol.2017.01.009.

P. Breen, K. Vanstaen, R.W.E. Clark, Mapping inshore fishing activity using aerial,
land, and vessel-based sighting information, Ices J. Mar. Sci. 72 (2) (2015)
467-479, https://doi.org/10.1093/icesjms/fsull5.

H. Gerritsen, C. Lordan, Integrating vessel monitoring systems (VMS) data with
daily catch data from logbooks to explore the spatial distribution of catch and
effort at high resolution, Ices J. Mar. Sci. 68 (1) (2011) 245-252, https://doi.org/
10.1093/icesjms/fsq137.

N.T. Hintzen, F. Bastardie, D. Beare, G.J. Piet, C. Ulrich, N. Deporte, J. Egekvist,
H. Degel, VMStools: open-source software for the processing, analysis and
visualisation of fisheries logbook and VMS data, Fish. Res. 115-116 (2012) 31-43,
https://doi.org/10.1016/j.fishres.2011.11.007.

S. Jennings, J. Lee, Defining fishing grounds with vessel monitoring system data,
Ices J. Mar. Sci. 69 (1) (2012) 51-63, https://doi.org/10.1093/icesjms/fsr173.
V. Stelzenmuller, S.I. Rogers, C.M. Mills, Spatio-temporal patterns of fishing
pressure on UK marine landscapes, and their implications for spatial planning and
management, Ices J. Mar. Sci. 65 (6) (2008) 1081-1091, https://doi.org/10.1093/
icesjms/fsn073.

A.D. Read, C. McBride, T. Spencer, P. Anderson, J. Smith, T. Costa, S. Clementz,
A. Dowd, Preventing noncompliance in marine protected areas using a real-time
alert system, Ocean Coast. Manag. 173 (2019) 123-130, https://doi.org/10.1016/
j-ocecoaman.2019.03.001.

D. Bradley, M. Merrifield, K.M. Miller, S. Lomonico, J.R. Wilson, M.G. Gleason,
Opportunities to improve fisheries management through innovative technology
and advanced data systems, Fish Fish. 20 (3) (2019) 564-583, https://doi.org/
10.1111/faf.12361.

S. Meyer, U. Krumme, D. Stepputtis, C. Zimmermann, Use of a smartphone
application for self-reporting in small-scale fisheries: lessons learned during a
fishing closure in the western Baltic Sea, Ocean Coast. Manag. 224 (2022) 106186,
https://doi.org/10.1016/j.ocecoaman.2022.106186.

Statutory Instruments, 2015. Razor clam (conservation of stocks) regulations. S.I.
No. 206 of 2015. Stationery office, 5.

MiPAAF, 2020. Decree of 23 January 2020. Adoption of the national management
plan for discards of the clam Venus spp. (Chamelea gallina) stocks. Official Gazette
of the Italian Republic. In: Official Gazette of the Italian Republic (ed). vol General
Series, 43. Official Gazette of the Italian Republic.

BLE, in: B. f L. u Ernahrung (Ed.), Bekanntmachung zur Fischerei auf Dorsch im
Jahr 2018 unter der Ausnahmemoglichkeit innerhalb der Schonzeiten nach der
Verordnung (EU) 2017/1970, 522, Bundesanstalt fiir Landwirtschaft und
Erndhrung, Wessendorf, 2018, pp. 10-41, 6 - Bek.2/18/52.

European Parliament and Council, 2023. Regulation (EU) 2023/2842 pf the
European Parliament and of the Council of 22 November 2023 amending Council
Regulation (EC) No 1224/2009, and amending Council Regulations (EC) No 1967/
2006 and (EC) No 1005/2008 and Regulations (EU) 2016,/1139, (EU) 2017/2403
and (EU) 2019/473 of the European Parliament and of the Council as regards
fisheries control. In: Parliament, E. (ed) 2023/2842.

European Commision, 2009. Council Regulation (EC) No. 1224,/2009 of 20
November 2009 establishing a Community control system for ensuring compliance
with the rules of the Common Fisheries Policy. Official Journal of the European
Union. vol L343, 1-50.

ICES, Workshop on Small Scale Fisheries and Geo-Spatial Data 2 (WKSSFGEO2,
ICES Scientific Reports, 2023.

EU Parliament, 2016. Regulation (EU) 2016/679 of the European Parliament and
of the Council of 27 April 2016 on the protection of natural persons with regard to
the processing of personal data and on the free movement of such data, and
repealing Directive 95/46/EC (General Data Protection Regulation) (Text with EEA
relevance). 1-88.

D.G. MARE, 2018. Report of the 15th Liaison Meeting Meeting between the Chairs
of RCGs (and sub-group on Diadromous species), PGECON, STECF meetings on EU-
MAP, RDB steering groups, key end users (ICES, STECF, GFCM), JRC and the
Commission. FINAL REPORT 19 November 2018 In: Framework, T. D. C. (ed). DG
MARE, Brussels, Belgium.

ICES, 2019. Working Group on Spatial Fisheries Data (WGSFD). In: pp., I. S. R.
(ed). http://doi.org/10.17895/ices.pub.5648.

H.D. Gerritsen, Methods to get more information from sparse vessel monitoring
systems data, Front. Mar. Sci. 10 (2023), https://doi.org/10.3389/
fmars.2023.1223134.

MMO, 2023. UK fishing vessel lists. In. Accessed 15/07/2023.

STECF, in: R. Prellezo, E.C. Sabatella, J. Virtanen, M. Tardy Martorell, J. Guillen
(Eds.), European Commission, Joint Research Centre, Scientific Technical and
Economic Committee for Fisheries (STECF) — The 2024 Annual Economic Report
on the EU Fishing Fleet (STECF-24-03 & STECF-24-07), 2024, Publications Office
of the European Union, Luxembourg, 2024.

[40]
[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

Marine Policy 190 (2026) 107139

Fishing News, Compulsory iVMS nor in force in Wales Fishing News (2022).
MMO, 2022. Inshore Vessel Monitoring (I-VMS) for under-12m fishing vessels
registered in England. In: MMO. Accessed 02/08/2022 2022.

P. Nielsen, M.M. Nielsen, C. McLaverty, K. Kristensen, K. Geitner, J. Olsen,

C. Saurel, J.K. Petersen, Management of bivalve fisheries in marine protected areas,
Mar. Policy 124 (2021) 104357, https://doi.org/10.1016/j.marpol.2020.104357.
M.M. Rufino, T. Mendo, J. Samarao, M.B. Gaspar, Estimating fishing effort in
small-scale fisheries using high-resolution spatio-temporal tracking data (an
implementation framework illustrated with case studies from Portugal), Ecol.
Indic. 154 (2023) 110628, https://doi.org/10.1016/j.ecolind.2023.110628.

J. Samarao, A. Moreno, M.B. Gaspar, M.M. Rufino, Improving machine learning
predictions to estimate fishing effort using vessel's tracking data, Ecol. Inform. 85
(2025) 102953, https://doi.org/10.1016/j.ecoinf.2024.102953.

L. Blackadder, H. Holah, L. Clayton, A. Moutaftsi, S. Soares, J. Oladjins, A. Ellis,
N. Fallon, A. Neeson, 1. Ikpewe, E. Barreto, C. Blackman, M. Fordyce, S. Kinnear,
J. Turriff, C. Mesquita, Progress on the biological and ecological goals of the
scottish scientific electrofishery for razor clams trial, Scottish Marine and
Freshwater Science 15 (4) (2024) doi:DOI: 10.7489/12475-1.

Duchéne, J. & E. Leblond, 2023. Inventaire des dispositifs en place ou prévus en
2023 impliquant des navires de péche professionnelle du Golfe de Gascogne et
visant la réduction des captures accidentelles de cétacés.

P. Ministre, Arrété du 27 décembre 2022 relatif a 1’obligation d’emport
d’équipements du systeme de surveillance des navires embarqués a bord de navires
de péche de moins de douze metres sous pavillon francais, J. Off. De. la Repub. Fr.
8 (251) (2022) 11.

L. Del Olmo, Localizacion y seguimiento de Embarcaciones pesqueras andaluzas,
Agromar Andalucia — Revista de Informacién de la Consejeria de Agricultura y
Pesca de Andalucia 37 (2006) 30-37.

Consejo de Gobierno, 2016. Decreto n.° 32/2016, de 4 de mayo, por el que se
regula el sistema de localizacién y seguimiento de embarcaciones pesqueras
(TETRAPES) en aguas de la Regién de Murcia. Boletin Oficial de la Region de
Murcia 104.

Consell de Govern, 2019. Decret 10/2019, de 15 de febrer, pel qual es regula el
Sistema de Localitzacio i Seguiment d’Embarcacions Pesqueres de les Illes Balears.
Butlleti Oficial de les Illes Balears 22.

Gobierno de Cantabria, Orden MED/19/2020, de 26 de agosto de 2020, por la que
se regula el Sistema de Seguimiento de Buques Pesqueros con puerto base en la
Comunidad Auténoma de Cantabria, in: Boletin Oficial de Cantabria, 169, 2020.
D.A. Kroodsma, J. Mayorga, T. Hochberg, N.A. Miller, K. Boerder, F. Ferretti,

A. Wilson, B. Bergman, T.D. White, B.A. Block, P. Woods, B. Sullivan, C. Costello,
B. Worm, Tracking the global footprint of fisheries, Science 359 (6378) (2018)
904-907, https://doi.org/10.1126/science.aa05646.

M. James, T. Mendo, E.L. Jones, K. Orr, A. McKnight, J. Thompson, AIS data to
inform small scale fisheries management and marine spatial planning, Mar. Policy
91 (2018) 113-121, https://doi.org/10.1016/j.marpol.2018.02.012.

J.L. Shepperson, N.T. Hintzen, C.L. Szostek, E. Bell, L.G. Murray, M.J. Kaiser,

A comparison of VMS and AIS data: the effect of data coverage and vessel position
recording frequency on estimates of fishing footprints, Ices J. Mar. Sci. 75 (3)
(2018) 988-998, https://doi.org/10.1093/icesjms/fsx230.

P. Cappa, V. Andreoli, K. Krueger, S. Barrie, C. La, D. Zeller, Estimating fisheries
catch from space: comparing catch estimates derived from AIS fishing effort with
reported catches for Indian Ocean industrial fisheries, Reg. Stud. Mar. Sci. 77
(2024) 103632, https://doi.org/10.1016/j.rsma.2024.103632.

H. Welch, T. Clavelle, T.D. White, M.A. Cimino, J. Van Osdel, T. Hochberg,

D. Kroodsma, E.L. Hazen, Hot spots of unseen fishing vessels, Sci. Adv. 8 (44)
(2022) eabq2109, https://doi.org/10.1126/sciadv.abq2109.

T. Mendo, J. Ransijn, I. Durbach, T. Gibson, M. James, R. Swift, A. Muench,
Identifying the recent spatial distribution of fishing activities in the UK EEZ — a
report on methods used Report produced for The Crown Estate, OWEC funded
project: FiSMaDiM 11 (2024).

J. Park, J. Van Osdel, J. Turner, C.M. Farthing, N.A. Miller, H.L. Linder, G. Ortuno
Crespo, G. Carmine, D.A. Kroodsma, Tracking elusive and shifting identities of the
global fishing fleet, Sci. Adv. 9 (3) (2023) eabp8200, https://doi.org/10.1126/
sciadv.abp8200.

C. Ehler, F. Douvere, Marine Spatial Planning: a step-by-step approach toward
ecosystem-based management, in: intergovernmental Oceanographic Commission
and Man and the Biosphere Programme. vol iOC Manual and Guides, 53, UNESCO,
2009.

J.G. Hiddink, S. Jennings, M.J. Kaiser, Assessing and predicting the relative
ecological impacts of disturbance on habitats with different sensitivities, J. Appl.
Ecol. 44 (2) (2007) 405-413, https://doi.org/10.1111/j.1365-2664.2007.01274.x.
G.I. Lambert, S. Jennings, M.J. Kaiser, H. Hinz, J.G. Hiddink, Quantification and
prediction of the impact of fishing on epifaunal communities, Mar. Ecol. Prog. Ser.
430 (2011) 71-86.

J. Paillé, C. Vignard, M. Authier, E. Bidenbach, C. Deslias, S. Tachoires, H. Peltier,
Identification of static netters fishing trajectories with high resolution data and
their evolution in the Bay of Biscay since 2015: potential implications for short-
beaked common dolphin bycatch, Fish. Res. 278 (2024) 107119, https://doi.org/
10.1016/j.fishres.2024.107119.

T. Russo, L. D’Andrea, A. Parisi, M. Martinelli, A. Belardinelli, F. Boccoli, I. Cignini,
M. Tordoni, S. Cataudella, Assessing the fishing footprint using data integrated
from different tracking devices: issues and opportunities, Ecol. Indic. 69
(Supplement C) (2016) 818-827, https://doi.org/10.1016/j.ecolind.2016.04.043.
A. Mujal-Colilles, T. Mendo, R. Swift, M. James, S. Crowe, P. McCann, Low-cost
tracking system to infer fishing activity from small scale fisheries in Scotland, in: C.
G. Soares, T.A. Santos (Eds.), Trends in Maritime Technology and Engineering:


https://doi.org/10.1016/j.marpol.2013.09.015
https://doi.org/10.1111/faf.12644
https://doi.org/10.1111/faf.12644
https://doi.org/10.1016/j.marpol.2017.01.009
https://doi.org/10.1016/j.marpol.2017.01.009
https://doi.org/10.1093/icesjms/fsu115
https://doi.org/10.1093/icesjms/fsq137
https://doi.org/10.1093/icesjms/fsq137
https://doi.org/10.1016/j.fishres.2011.11.007
https://doi.org/10.1093/icesjms/fsr173
https://doi.org/10.1093/icesjms/fsn073
https://doi.org/10.1093/icesjms/fsn073
https://doi.org/10.1016/j.ocecoaman.2019.03.001
https://doi.org/10.1016/j.ocecoaman.2019.03.001
https://doi.org/10.1111/faf.12361
https://doi.org/10.1111/faf.12361
https://doi.org/10.1016/j.ocecoaman.2022.106186
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref27
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref27
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref27
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref27
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref28
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref28
https://doi.org/10.17895/ices.pub.5648
https://doi.org/10.3389/fmars.2023.1223134
https://doi.org/10.3389/fmars.2023.1223134
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref30
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref30
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref30
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref30
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref30
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref31
https://doi.org/10.1016/j.marpol.2020.104357
https://doi.org/10.1016/j.ecolind.2023.110628
https://doi.org/10.1016/j.ecoinf.2024.102953
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref35
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref35
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref35
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref35
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref35
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref36
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref36
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref36
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref36
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref37
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref37
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref37
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref38
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref38
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref38
https://doi.org/10.1126/science.aao5646
https://doi.org/10.1016/j.marpol.2018.02.012
https://doi.org/10.1093/icesjms/fsx230
https://doi.org/10.1016/j.rsma.2024.103632
https://doi.org/10.1126/sciadv.abq2109
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref44
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref44
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref44
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref44
https://doi.org/10.1126/sciadv.abp8200
https://doi.org/10.1126/sciadv.abp8200
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref46
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref46
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref46
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref46
https://doi.org/10.1111/j.1365-2664.2007.01274.x
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref48
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref48
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref48
https://doi.org/10.1016/j.fishres.2024.107119
https://doi.org/10.1016/j.fishres.2024.107119
https://doi.org/10.1016/j.ecolind.2016.04.043
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref51
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref51
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref51

T. Mendo et al.

[65]

[66]

671

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

Proceedings of the 6th International Conference on Maritime Technology and
Engineering, CRC Press, Lisbon, portugal, 2022.

A.N. Tassetti, A. Galdelli, J. Pulcinella, A. Mancini, L. Bolognini, Addressing gaps in
small-scale fisheries: a low-cost tracking system, Sensors 22 (3) (2022) 839.

A. Brett, J. Leape, M. Abbott, H. Sakaguchi, L. Cao, K. Chand, Y. Golbuu, T.

J. Martin, J. Mayorga, M.S. Myksvoll, Ocean data need a sea change to help
navigate the warming world, Nature 582 (7811) (2020) 181-183, https://doi.org/
10.1038/d41586-020-01668-z.

T. Tanhua, S. Pouliquen, J. Hausman, K. O’Brien, P. Bricher, T. de Bruin, J.J.

H. Buck, E.F. Burger, T. Carval, K.S. Casey, S. Diggs, A. Giorgetti, H. Glaves,

V. Harscoat, D. Kinkade, J.H. Muelbert, A. Novellino, B. Pfeil, P.L. Pulsifer, A. Van
de Putte, E. Robinson, D. Schaap, A. Smirnov, N. Smith, D. Snowden, T. Spears,
S. Stall, M. Tacoma, P. Thijsse, S. Tronstad, T. Vandenberghe, M. Wengren,

L. Wyborn, Z. Zhao, Ocean FAIR Data Services, Front. Mar. Sci. 6 (2019) 2019,
https://doi.org/10.3389/fmars.2019.00440.

S.-K. Chang, Application of a vessel monitoring system to advance sustainable
fisheries management—benefits received in Taiwan, Mar. Policy 35 (2) (2011)
116-121, https://doi.org/10.1016/j.marpol.2010.08.009.

G. Glemarec, L. Kindt-Larsen, L.S. Lundgaard, F. Larsen, Assessing seabird bycatch
in gillnet fisheries using electronic monitoring, Biol. Conserv. 243 (2020) 108461,
https://doi.org/10.1016/j.biocon.2020.108461.

T. Mendo, A. Mujal-Colilles, J. Stounberg, G. Glemarec, J. Egekvist, E. Mugerza,
M. Rufino, R. Swift, M. James, A workflow for standardizing the analysis of highly
resolved vessel tracking data, ICES J. Mar. Sci. (2024).

Rodriguez, J., 2023. iapesca, a R-package for manipulating and interpretating high
resolution geospatial data from fishing vessels.

O.R. Eigaard, F. Bastardie, M. Breen, G.E. Dinesen, N.T. Hintzen, P. Laffargue, L.
0. Mortensen, J.R. Nielsen, H.C. Nilsson, F.G. O’Neill, H. Polet, D.G. Reid, A. Sala,
M. Skold, C. Smith, T.K. Sgrensen, O. Tully, M. Zengin, A.D. Rijnsdorp, Estimating
seabed pressure from demersal trawls, seines, and dredges based on gear design
and dimensions, ICES J. Mar. Sci. 73 (_1) (2015) i27-i43, https://doi.org/10.1093/
icesjms/fsv099.

M.M. Rufino, A. Mujal-Colilles, T. Russo, V. Stelzenmiiller, M. Gaspar,

J. Rodriguez-Gutiérrez, D.C. Fernandez, M.S. Ruiz, J. Egekvist, J. Rodriguez,

R. Martinez, C. von Dorrien, P. Jonsson, M. Mateo, T. Schulze, T. Mendo,
Implications of low temporal resolution of vessel tracking systems, ICES J. Mar. Sci.
82 (8) (2025), https://doi.org/10.1093/icesjms/fsaf123.

Mendo, T., M. James, S. Smout, L. D’Andrea & T. Russo, 2019a. Effect of temporal
and spatial resolution on identification of fishing activities in small-scale fisheries
using pots and traps. doi:10.1093/icesjms/fsz073.

Sans, M. & J. Rodriguez, 2023. Development and application of a machine-learning
and geocomputation workflow for assessing the gear effort of gillnetters operating
in the Bay of Biscay. In: Ifremer (ed). France, 52.

F. Behivoke, M.-P. Etienne, J. Guitton, R.M. Randriatsara, E. Ranaivoson,

M. Léopold, Estimating fishing effort in small-scale fisheries using GPS tracking

10

[77]

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

Marine Policy 190 (2026) 107139

data and random forests, Ecol. Indic. 123 (2021) 107321, https://doi.org/
10.1016/j.ecolind.2020.107321.

T. Mendo, S. Smout, T. Photopoulou, M. James, Identifying fishing grounds from
vessel tracks: model-based inference for small scale fisheries, R. Soc. Open Sci. 6
(10) (2019) 191161, https://doi.org/10.1098/rs0s.191161.

A. Tilley, R. Dam Lam, D. Lozano Lazo, J. Dos Reis Lopes, D. Freitas Da Costa,
M. De Fatima Belo, J. Da Silva, G. Da Cruz, C. Rossignoli, The impacts of digital
transformation on fisheries policy and sustainability: lessons from Timor-Leste,
Environ. Sci. Policy 153 (2024) 103684, https://doi.org/10.1016/j.
envsci.2024.103684.

S. Orofino, G. McDonald, J. Mayorga, C. Costello, D. Bradley, Opportunities and
challenges for improving fisheries management through greater transparency in
vessel tracking, ICES J. Mar. Sci. 80 (4) (2023) 675-689, https://doi.org/10.1093/
icesjms/fsad008.

J.A. Silva, M.I. Rivera-Hechem, C. Hong, G. Clawson, B.R. Hoover, T. Butera,

R. Oyanedel, G. McDonald, R. Jakub, U. Muawanah, A. Zulham, A. Baihaki,

C. Costello, Assessing the drivers of vessel tracking systems adoption for improved
small-scale fisheries management, Ocean Coast. Manag. 226 (2022) 106265,
https://doi.org/10.1016/j.ocecoaman.2022.106265.

J. Calderwood, C.T. Marshall, K. Haflinger, J. Alfaro-Shigueto, J.C. Mangel, D.

G. Reid, An evaluation of information sharing schemes to identify what motivates
fishers to share catch information, ICES J. Mar. Sci. (2021), https://doi.org/
10.1093/icesjms/fsab252.

Azmi, K., Q. Hanich, G. Hurry, D. Kroodsma, F. Blaha, E. Shui-Kai Chang, E.
Gilman, M. Hidalgo, R. Joo & M. Miyaharad, 2022. A report of a workshop on
fisheries data confidentiality, held from 30 June to 15 July 2022, organised by the
Australian National Centre for Ocean Resources and Security (ANCORS) and Global
Fishing Watch. vol COMM 11 — Obs 06 SPRFMO COMMISSION SPRFMO.

S.A. Sgnvisen, G. Lilleng, T. Syversen, D.M.K. Vatn, Data sharing in the fisheries:
Exploring the willingness to share data in the Norwegian fishing fleet, Mar. Policy
175 (2025) 106620, https://doi.org/10.1016/j.marpol.2025.106620.

J.P. Kritzer, Influences of at-sea fishery monitoring on science, management, and
fleet dynamics, Aquac. Fish. 5 (3) (2020) 107-112, https://doi.org/10.1016/j.
aaf.2019.11.005.

European Commision, Directorate-General for Maritime Affairs and Fisheries, Unit
D.3 (2025), in: E. Commision (Ed.), FAMENET EMFAF implementation report
2024, 2024 (Brussels).

1. Chollett, L. Perruso, S. O'Farrell, Toward a better use of fisheries data in spatial
planning, Fish Fish. 23 (5) (2022) 1136-1149, https://doi.org/10.1111/faf.12674.
A. Said, B. Trouillet, Bringing ‘Deep Knowledge’ of Fisheries into Marine Spatial
Planning, Marit. Stud. 19 (3) (2020) 347-357, https://doi.org/10.1007/540152-
020-00178-y.

Muench, A., T. Mendo, J. Ransijn, I. Durbach, T. Gibson, R. Swift & M. James,
2024. Fisheries Sensitivity Mapping and Displacement Modelling (FiSMaDiM) —
Final Project Report. 35.


http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref51
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref51
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref52
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref52
https://doi.org/10.1038/d41586-020-01668-z
https://doi.org/10.1038/d41586-020-01668-z
https://doi.org/10.3389/fmars.2019.00440
https://doi.org/10.1016/j.marpol.2010.08.009
https://doi.org/10.1016/j.biocon.2020.108461
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref57
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref57
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref57
https://doi.org/10.1093/icesjms/fsv099
https://doi.org/10.1093/icesjms/fsv099
https://doi.org/10.1093/icesjms/fsaf123
https://doi.org/10.1093/icesjms/fsz073
https://doi.org/10.1016/j.ecolind.2020.107321
https://doi.org/10.1016/j.ecolind.2020.107321
https://doi.org/10.1098/rsos.191161
https://doi.org/10.1016/j.envsci.2024.103684
https://doi.org/10.1016/j.envsci.2024.103684
https://doi.org/10.1093/icesjms/fsad008
https://doi.org/10.1093/icesjms/fsad008
https://doi.org/10.1016/j.ocecoaman.2022.106265
https://doi.org/10.1093/icesjms/fsab252
https://doi.org/10.1093/icesjms/fsab252
https://doi.org/10.1016/j.marpol.2025.106620
https://doi.org/10.1016/j.aaf.2019.11.005
https://doi.org/10.1016/j.aaf.2019.11.005
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref68
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref68
http://refhub.elsevier.com/S0308-597X(26)00109-0/sbref68
https://doi.org/10.1111/faf.12674
https://doi.org/10.1007/s40152-020-00178-y
https://doi.org/10.1007/s40152-020-00178-y

	Towards a European small-scale fishing vessel tracking programme: Overview, challenges and opportunities
	1 Introduction
	2 Methods
	2.1 Overview of vessel tracking experiences in Europe
	2.2 Opportunities and challenges
	2.3 Vessel anonymity rule in SSF

	3 Results
	3.1 Overview of vessel tracking experiences in Europe
	3.2 Opportunities and challenges
	3.3 Vessel anonymity rule in SSF

	4 Discussion
	5 Recommendations to enhance CR 2023/2842 implementation
	6 Conclusions
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Data availability
	References


