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The dual purpose of high
spatiotemporal resolution
of electronic monitoring
data in fisheries: sustain
fisheries and enhance
protection of sensitive habitats
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and Jens Kjerulf Petersen1

1Section for Coastal Ecology, National Institute of Aquatic Resources, Technical University of
Denmark, Lyngby, Denmark, 2Section for Monitoring and Data, National Institute of Aquatic
Resources, Technical University of Denmark, Lyngby, Denmark
Fisheries using bottom-towed fishing gears are a localised pressure that causes

physical disturbance to the seabed habitats. To meet the requirements of

ecosystem-based fisheries management, it is essential to have high-resolution

remote electronic monitoring fisheries data with appropriate spatial resolution to

evaluate the direct impact of fishing activities. The resolution of the fishery data

must align with both the spatial operational characteristics of the fishery and the

conservation objectives under review, such as habitat and species distribution.

Here we show how Black Box (BB) data logging actual fishing activity locations

can be used to assess the direct footprint of bivalve fishing on eelgrass meadows.

Our findings demonstrated that i) Actual logged fishing tracks (BB data) can

document no overlap with known observations of eelgrass meadows, while low-

resolution fisheries data (VMS data) showed an overlap with eelgrass meadows.

Furthermore, the VMS data from a few vessels showed 2.5 greater overlap with

areas assessed as suitable for eelgrass compared to actual tracks logged by the

BB from the entire fleet. These findings emphasise the importance of equipping

fishing vessels with electronic monitoring systems that capture actual fishing

activity locations. This enables us to accurately track the areas impacted by

fisheries, and when combined with high-resolution habitat monitoring, it

facilitates ecosystem-based fishery management and ensures the achievement

of nature conservation goals.
KEYWORDS

ecosystem-based fisheries management, bivalve fishery, eelgrass meadows, fishing
pressure, bottom-towed gear, protection of marine environment
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1 Introduction

Over the past 20 years, fisheries management has evolved from

species-based management approaches focused on the protection of

specific stocks to ecosystem-based management incorporating

environmental and ecological impacts of the fisheries (Zacharias

and Roff, 2000; Borja, 2005; Roberts et al., 2005; Pedersen et al.,

2009; Townsend et al., 2019). Human activities affecting the marine

environment should be balanced between nature protection and

economic activities (Smith and Wilen, 2003; Douvere, 2008;

Suuronen et al., 2010; Halpern et al., 2012), to ensure that human

activities do not pose significant risks to the marine ecosystem and

thus ensure a legitimate use of the sea (Smith et al., 2016). Fisheries

have direct, indirect, and cumulative impacts on marine ecosystem,

including habitats, species diversity, and productivity (Jennings and

Kaiser, 1998; Moritz et al., 2015; de Juan et al., 2018). Fishing with

bottom-towed gear abrades the seabed, affecting different habitats

and their diverse associated sedentary and mobile benthic species

(Dayton et al., 1995; Jennings and Kaiser, 1998; Smith et al., 2016).

Fisheries monitoring and detailed mapping of benthic habitats are

essential for assessing impacts of fisheries using bottom-towed gear

(Reiss et al., 2015; Kaiser et al., 2016; Amoroso et al., 2018;

Rowlands et al., 2019; van der Reijden et al., 2021) and thus to be

able to implement systematic and integrated ecosystem-based

fisheries management (Gislason et al., 2000; Dickey-Collas et al.,

2022) to achieve biodiversity and biodiversity management

objectives; for example, the Kunming-Montreal Global

Biodiversity Framework, the EU Marine Strategy Framework

Directive (MSFD) (2008/56/EC), and the EU Water Frame

Directive (WFD) (2000/60/EC). The MSFD and WFD addresses

the pressures imposed by human activity on the sea and specifies

the ‘integrity of the seabed’ as a criterion for ‘good environmental

status’ (GES) to ensure that critical ecosystem goods and services

are not adversely affected. More specifically, the WFD defines GES

as a situation where identified bioindicators only deviate slightly

from undisturbed conditions. For Danish coastal waters, the

eelgrass depth limit is identified as one of the useful bioindicator

of water quality in the WFD. Obstacles to the assessment offisheries

impact on ecosystems are often the lack of high-resolution data for

quantitative assessment of activities (Lambert et al., 2012; Sköld

et al., 2018), poor mapping of benthic habitats or an overlap of

fisheries and other existing basin-scale pressures, such as

eutrophication (McLaverty et al., 2020) or natural disturbances,

for example, bottom water current speed, salinity, habitat specific

and seasonal conditions (Sciberras et al., 2013; Szostek et al., 2016;

Nielsen et al., 2023).

Data sources for assessment of fisheries footprint include Vessel

Monitoring System (VMS), Automatic Identification System (AIS),

and other Electronic Monitoring systems (EM) (Eigaard et al., 2017;

Dunn et al., 2018; James et al., 2018; Li et al., 2021). VMS and AIS

data are proven to be effective in monitoring fishing efforts (Zhang

et al., 2016; Holmes et al., 2020) and can be used to study fishing

activities, such as quantifying trawling intensity and tracking trawl

paths (Deng et al., 2011; Gerritsen and Lordan, 2011). In addition,
Frontiers in Marine Science 02
the combination of VMS data with logbook records provides

information on the catch and gear, enabling a detailed analysis of

catch and effort distribution (Hintzen et al., 2012; Russo et al., 2014;

Mendo et al., 2024). However, it is often difficult to estimate the

fishing activities of small-scale fleets; as in the EU, only vessels with

a length >10 m must fill a logbook, and only vessels >12 m is

required to use VMS (2009/1224/EC; Pedersen et al., 2009;

Rijnsdorp et al., 2020). As a result, there is limited information

on fishing effort, fishing gear use, locations of fishing operations,

catches, and landings, and therefore insufficient information for

sustainable management of small-scale fishing fleets or evaluation

of their impact on marine ecosystems (Dalskov et al., 2021). This is

problematic as this fleet is mostly active in coastal waters where

vulnerable habitats like eelgrass meadows are found. In recent years,

electronic monitoring systems with cameras and gear sensors, or the

use of tablets and mobile phones for electronic reporting or

monitoring, have been deployed around the world to improve

regulatory compliance and provide documentation of small-scale

fishing practices (Dalskov et al., 2021; ICES, 2023), as well as

developing procedures to classify fishing activities in small-scale

fisheries by analysing fishing behaviour using high resolution data

(Behivoke et al., 2021; Rufino et al., 2023) to support full digital

traceability along the fishing and aquaculture) supply chain (2023/

2842/EU).

In this study, the Black Box electronic monitoring system (BB)

is demonstrated to be an effective tool for documenting individual

fishing activities to support an ecosystem-based management and

ensure nature conservation objectives. The BB system records

bivalve fishing activities by high-resolution spatiotemporal data

(10 seconds and 10 m of space recording) and sensor-registered

fishing activity location (individual dredge tracks). The analyses are

performed on BB data from blue mussel fishery in a coastal area in

Denmark to evaluate the fishery footprint in relation to the known

and potential (future) distribution of eelgrass meadows to comply

with the objectives of GES according to the EU WFD.
2 Methods

2.1 Description of the Danish bivalve
fishery

Danish bivalve fishing is a small-scale vessel fishery (SSF) that

operates with a vessel size <16 m and close to the shoreline on a

single day basis. The target species are blue mussel (Mytilus edulis),

common cockle (Cerastoderma edule), and European flat oyster

(Ostrea edulis), where European flat oyster and common cockle are

caught only in Limfjorden (Figure 1). The Limfjorden is the main

bivalve fishing area in Denmark and furthermore also the main area

for aquaculture production of both suspended and on-bottom

cultivation of blue mussels.

In Limfjorden, blue mussels are fished using a light mussel

dredge that is 1.5 m wide (Frandsen et al., 2015) with each vessel

carrying two or four dredges. The fishing activities are conducted at
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a speed generally ranging from two to four knots, lasting generally

<10 minutes, which creates dredge tacks between 300 to 600 meters.

The Danish bivalve fishery operates under a one-year fishing season

requiring renewal of licenses every year. In the Limfjorden, the blue

mussel fishing season runs from the first Sunday in September to

the first Sunday in July the year after.

All Danish bivalve fishing vessels must have an electronic

monitoring system installed (Black Box, see details below) and fill

a fishing logbook of their operations in accordance with the Council

Regulation (EC) 1224/2009 and the Commission Implementing

Regulation (EU) 404/2011.
2.2 The black box electronic monitoring
system

Since autumn 2012, all Danish bivalve fishing vessels have been

obliged to install and use a black box (BB). The BB (Black Box R2,

Anchor Lab, Denmark) monitor fishing effort by logging vessel

position, speed every 10 seconds and measure winch activity to

exactly determine fishing activity location. The BB system consists
Frontiers in Marine Science 03
of a geographic positioning system (GPS) to record vessel location

(accuracy of 2 m under optimal conditions and 10 m under less

optimal conditions), inductive proximity sensors (winch rotation)

to record start and end of fishing activities, and on-board hard

drives to record data (Figure 2). Data are recorded and stored

internally until they are automatically transferred wirelessly to a

centralised data storage at the Danish Fisheries Agency via Wi-Fi or

cellular network when the vessel is within a covered zone (For more

details, see Dalskov et al., 2021). The BB data offers both higher

temporal and spatial resolution for fisheries data than VMS, which

is limited in Denmark to hourly polling, and AIS, which usually

reports from seconds to minutes during transport but lacks

monitoring of fishing activity, as the BB system records through

winch rotation sensors. The data derived from BB offers precise

information regarding fishing activity location and it is unnecessary

to speed filter the data to distinguish between activities such as

fishing or steaming, unlike VMS and AIS. The BB data facilitates the

analysis of the impact of mobile bottom-contacting fishing gears on

seafloor habitats with considerably finer spatial detail than what is

achievable with VMS and AIS data, due to its high spatio-temporal

resolution of actual logged fishing activity locations.
FIGURE 1

Map of Denmark. Indicating the main area (Limfjorden) where bivalve fishery is taken place and the location of the study area, Lovns Bredning.
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2.3 Quality assurance of black box data by
the Danish fisheries agency

All uploaded BB data were accessible from the central data

storage of the Danish Fisheries Agency. The Danish Fisheries

Agency carries out quality assurance of the BB data using the

Black Box Analyzer software (Anchor Lab, Denmark). The BB

Analyzer provides an overview by visualising the data collected

during a fishing trip (Figure 3) and is used to assess fishing

activities through three criteria. The first requirement is rotation

in the winch sensors, where winch movement in the same direction

(clockwise or counterclockwise) for a predefined time of 30 seconds

indicate the beginning or end of fishing, as it takes >30 seconds for

the dredges to reach the seabed or return to the vessel, respectively.

If a vessel has two winches, only a single set of fishing activities was

defined after comparing the estimated fishing time for each of the

winches. The second criterion is sailing speed where speed between

1.5–4 knots indicate fishing and the third criterion, a fishing time of

minimum one minute. Ultimately, the above procedure results in a

list of fishing activities that include the start and stop time for each

dredge track and was associated with an identification of which

points constitute the dredge track (yellow tracks in Figure 3). The

Danish Fishery Agency manually checks each fishing trip before

the quality-assured BB data are transferred to The Technical

University of Denmark (DTU) for further analysis. The process

of manual checks is time-intensive, with estimates suggesting that

the Danish Fishery Agency consumes the equivalent of seven

months of annual salary (See Dalskov et al., 2021 for details).

Nevertheless, these checks have been prioritized by the authorities

to minimize inaccuracies in the BB datasets. The manual checks

identify errors, for example, the absence of counterclockwise winch

activity (indicating stop of fishing activity), where the end of the

track was then manually defined based on the speed profile as

fishing activities are easy to identify in the BB Analyzer software

(indicated by yellow arrows in Figure 3). This study includes

quality assured BB data from 2013-2021 (nine years) for Lovns
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Bredning (Lovns Broad) where bivalve fishing was allowed within

this period.
2.4 From GPS tracking to fishing effort

Black-box data and logbook information were combined to

determine the gear configuration (size of the dredge; number of

dredges) for each dredge track. The dredge track was used to

generate the areas affected by fishing by placing flat buffers

around it, reflecting the actual design of the dredges. Prior to any

further analysis, dredge tracks incl. buffers were filtered in R (R Core

Team, 2023) by DTU for invalid tracks defined as tracks either of

<30 m or >5 km, a duration of <80 sec or >30 min, on land or

outside mussel production areas.
2.5 Assessing the footprint of blue mussel
fishery on eelgrass meadows using VMS or
BB data

Lovns Bredning is located in the southeast part of the

Limfjorden (Figure 1) and is an important area for blue mussel

seed fishery used in bottom cultivation in other areas of the

Limfjorden. Lovns Bredning is a shallow eutrophic brackish

estuary, with an average depth of 4 m, salinity of ˜20 PSU and an

area of 68.9 km2. The latest evaluation conducted by the Danish

Environmental Protection Agency rated the ecological status of

Lovns Bredning as ‘bad’, the lowest of the five categories established

by the WFD. To be able to estimate the actual benthic footprint of

fishing on eelgrass meadows, which was selected as the most

vulnerable benthic habitat potentially affected by bivalve fishery,

both data on fishing effort and the distribution of eelgrass meadows

are required.

Since 2011, a detailed annual video survey of eelgrass has been

conducted in Lovns Bredning (24 transects, consisting of six
FIGURE 2

Schematic overview of the electronic Black Box monitoring system, mounted on all Danish bivalve fishing vessels.
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stations of each 90 m, total of 144 stations). For this analysis,

eelgrass data from 2019 was used to assess potential overlap with

existing eelgrass distribution in Lovns Bredning. According to

WFD, any activity within a water body is prohibited if it impedes

the attainment of ‘GES’ for that water body. Consequently,

protection from fishing is needed for existing eelgrass meadows,

as well as areas with a high probability of future eelgrass

colonisation. This protection may be achieved through i) the

implementation of measures such as establishing a fixed eelgrass

depth limit, thereby restricting any other activities in water depths

shallower than this threshold, or ii) by closing off areas with a high

probability of eelgrass colonisation while allowing activities such as

fishing in other areas. The last method will require an adaptive

management approach in areas that have not obtained ‘GES’ as

environmental conditions improve, e.g., for eelgrass improved light

conditions. To identify potential ‘eelgrass colonisation areas’, which

required mussel fishing closure, a GIS-based site selection model

was used, which forecasts areas with a high probability of eelgrass

colonisation in Lovns Bredning (for details, see Canal-Verges et al.,

2016; Nielsen et al., 2021). For the 2020/2021 fishing season, the
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areas with known eelgrass meadows and modelled areas suitable for

eelgrass (potential distribution) in Lovns Bredning were updated

and new modelled areas for the potential establishment of eelgrass

were identified and closed for mussel fishing from September 2020

and onwards.

From 2013 to 2020, BB data of the fishing effort of 23 mussel

fishing vessels and VMS data with a temporal resolution of 1 h of

the 12 vessels that also had VMS, were used to assess the fishing

footprints on known eelgrass meadows and the areas predicted by

the model with potential for eelgrass establishment. The impact of

fisheries on eelgrass meadows, both known (2019 distribution) and

potential distribution, was assessed on different spatio-temporal

scales using fisheries data from vessels equipped with BB+VMS or

solely BB during 2013-2020.

The highest spatio-temporal resolution, represented as BB

polygons, was from vessels with BB data. For the years 2013-

2020, the cumulative overlap with both known and modelled

eelgrass meadows was estimated as the direct area (m2) overlap

between dredge tracks (incl. buffers) and either known eelgrass

meadows or the modelled eelgrass areas. Medium data resolution
FIGURE 3

A screen dump from the Black Box analyzer software visualising dredge tracks (yellow lines on the map and marked with ten yellow arrows at the top
timeline), the instant speed (blue line at the top timeline), which is reduced during fishing compared to steaming (marked by horizontal light blue line at
the top timeline), and the winch sensor activities (the start of fishing is indicated by blue squares, and the end of fishing is indicated by red squares for
each winch on the top timeline. Cleaning of the catches is marked with ten black arrows in the top timeline. Source: Danish Fisheries Agency.
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used black box data (incl. buffer) processed to a square resolution of

100 x 100 m (BB squares). This resolution was chosen due to the

minimum fishing time of 80 sec (Section 2.4) corresponding to a

dredge track length of approximately 100 m. The BB square analysis

of fishing footprints was estimated according to the methodology

defined by Eigaard et al. (2016, 2017) as the swept area within a

square for the 2013–2020 period multiplied by the eelgrass

proportion within that square (swept area x percentage of eelgrass

within the cell). The medium data resolution was selected to mimic

the resolution of AIS data (high temporal resolution of records from

seconds to minutes but no records of exact fishing activity

locations) as AIS data are unavailable. The lowest spatio-temporal

resolutions were from vessels using VMS data (VMS squares). Here,

the hourly VMS data points were merged with logbook data based

on timestamp and vessel identifier, and fishing activities (gear

deployment) were determined from gear-specific speed-profiles.

The swept area was then estimated from the VMS data point

processed into the 100 x 100 m square resolution and multiplied

by the eelgrass proportion in each square (cell area x percentage of

eelgrass within the cell).
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3 Results

3.1 Assessment and distribution of fishing
activities

The individual dredge tracks generated by BB data provide

high-resolution maps of fishing activities and an accurate

representation of the area affected by the fisheries. The bivalve

fishery often takes place in distinct areas with overlapping dredge

tracks within and between years and have a highly heterogeneous

spatial distribution within Lovns Bredning (Figure 4).
3.2 Importance of spatio-temporal scale to
assess the footprint of fishery in eelgrass
meadows

The footprint of the fishery on the known (2019) distribution of

eelgrass meadows in Lovns Bredning showed generally no overlap
FIGURE 4

Area affected by blue mussel fishery in Lovns Bredning assessed by BB data per year within the period 2013–2021 and known (2019) eelgrass
distribution. Circles represent point observations of eelgrass from the video survey (Red = no eelgrass, yellow = single seedlings, light green = small
patches and dark green = dense meadows). Light and dark green areas show interpolations of eelgrass patches and eelgrass beds, respectively. The
red line indicates the marine habitat area, whereas the grey line shows the separation of the two (20 and 21) food safety mussel production areas.
frontiersin.org
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with existing beds using the actual dredge tracks (BB polygons)

(Figure 4). The grid cell analysis using BB data (covering 23 vessels)

or VMS data (accounting for 12 vessels of these vessels) showed

overlaps with known eelgrass meadows of 0.01 and 0.05 km2,

respectively (Table 1). This demonstrates that fishing activities

have a greater estimated overlap with eelgrass meadows when the

fishery data has a coarser spatial resolution (BB-squares), which

increases further by low temporal data resolution (VMS-squares).

To estimate if previous fishing activities have occurred in newly

closed areas, an analysis was carried out using BB data or VMS data.

Analysis of the cumulative overlap of blue mussel fishery activities

from 2013 to 2020 within the new areas, where fishing became

prohibited, showed a greater overlap (3.29 km2) when using low-

resolution VMS squares compared to using high-resolution BB

squares or BB polygons (Table 1). The BB squares (2.11 km2)

resulted in approximately 9% higher overlap with areas suitable for

eelgrass compared to the actual dredge tracks (BB polygons, 1.94

km2). The visualisation of the different methods (VMS squares, BB

squares and BB polygons) exemplified with the year 2018 with a

relatively large fishing activity in the area display some interesting

trends. The comparison of the VMS squares (Figure 5 top) and the

BB squares (Figure 5 middle) clearly shows fewer VMS data points

due to only 12 vessels having a VMS installed, and lower data

resolution of fishing activities (1 h resolution) compared to the BB

squares. Consequently, the areal distribution of the fishery in 2018 in

Lovns Bredning would be underestimated if only VMS data were

available. On the contrary, the overlap between fishing activities and

potential eelgrass areas is approximately 2.5 times greater for VMS

squares compared to BB squares and BB polygons (Figure 6),

illustrating the challenge of assessing the fishery footprint in

benthic habitats using low-resolution fishery data. Comparing the

two analyses using BB data (squares and polygons) shows that even

though high-resolution fishery data are available, data treatment

using squares instead of actual fishing tracks results in an estimated

larger area being affected by the fishery (Figure 5 middle and bottom).

However, the overlap between fishing activities in 2018 and potential

eelgrass areas is only slightly higher using the BB squares (0.44 km2)

instead of BB polygons (0.41 km2) (Figure 6).
TABLE 1 The cumulative overlap (km2) between the fishing activities
(2013-2020) of the actual eelgrass distribution in 2019 and the suitable
areas for the eelgrass (potential distribution) in Lovns Bredning evaluated
using data with different spatial resolution.

Data type
Known (2019)

eelgrass
distribution (km2)

Potential (modelled)
distribution of eelgrass

(km2)

VMS squares 0.05 3.29

BB squares 0.01 2.11

BB polygons No overlap 1.94
F
rontiers in Mari
ne Science
VMS data in 100 x 100 m squares; BB data in squares of 100 x 100 m; and overlap of actual
dredge tracks (incl. buffers) from BB polygons.
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FIGURE 5

The swept area dredged in 2018 in Lovns Bredning using VMS
squares (top) or black box squares (middle) and actual dredge tracks
(incl. buffers) from BB polygons (bottom). The green areas in each
figure show known (2019) distribution and potential eelgrass
colonisation areas.
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4 Discussion

We have demonstrated that recording the precise locations of

fishing activities offer a more accurate method for evaluating how

small-scale fisheries overlap with sensitive habitats. This is key

information in evaluating the impact of fisheries using bottom-

towed gear on marine ecosystems, thus enhancing and fostering

adaptive ecosystem-based fisheries management. This is

particularly vital in coastal areas, where actual fishing activity

lasts only a few minutes (e.g., <10 minutes per track) and often

assessments must frequently consider various human-induced

pressures alongside diverse nature conservation goals.
4.1 Localised distribution of fishing
activities and cumulative area impacted

Accurate data-based documentation of fishing is a key element in

studies on fishing on benthic habitats, e.g., Bastardie et al. (2015) and to

our knowledge, the Black Box system in the Danish bivalve fishery is

the only system used in EU fisheries that provides high-resolution

spatio-temporal mapping of actual bottom fishing activity locations.

The BB data provide information on individual bivalve fishing tracks,

which combined with information from the individual vessel logbook

on gear can be used to document the areal distribution of the fishery.

Like other studies using vessel monitoring fishery data (Jennings and

Lee, 2012; Eigaard et al., 2016, 2017; Amoroso et al., 2018), the effort of

the fishery was highly concentrated in a smaller proportion of the total

area. Furthermore, the BB data can also provide estimations of total

area affected (km2) by single vessels or the entire fishing fleet per year or

cumulatively over multiple years, as well as fisheries statistics e.g., track

length and Catch Per Unit Effort (CPUE). Integrating high spatio-

temporal resolution fishery data with logbook records opens further

possibilities for ecosystem-based management by evaluating the

fishery’s impact on mapped habitats. This approach is valuable for
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fishery management (Campbell et al., 2014; Nielsen et al., 2021) and

nature conservation efforts. It is particularly pertinent to fisheries using

bottom-towed gear, as it aids in verifying compliance with conservation

goals by detailing the spatial distribution and overlaps of the fishery

with benthic habitats. Moreover, it can serve as a tool for enforcing

regulations, such as monitoring fishing in marine protected areas or

illegal fishing in prohibited areas but can also identify important fishing

grounds. Although BB data analysis provides high-resolution mapping

offishing activities, technical problems such as incorrect logging of GPS

position (e.g., single point logged or position on land), or failure in

winch sensor activities still occur. Thus, the Danish authorities have

implemented manual quality assurance of data to ensure the most

accurate areal distribution of the fishery. However, depending on the

specific management requirements and the need for accurate datasets,

manual checks can be substituted by using automatic processes

identifying fishing activities not included or excluding invalid dredge

tracks, thereby optimising the data quality process and reducing costs.

This will make the BB systemmore applicable to include in monitoring

large-scale fisheries, where thousands of vessels need to be evaluated

and manual checks will become extremely time-consuming and costly.
4.2 Fishery footprint assessments impacted
by spatial data resolution

Assessing the fishing footprint using VMS data is known to be

influenced by the analytical methods applied, for example, track

reconstruction and grid-cell resolution, which can lead to

underestimation of fishing on benthic communities (Lambert et al.,

2012). Our analysis based on VMS squares shows an estimated

cumulative footprint of 3.29 km2 of fishing activities in areas

suitable for eelgrass meadows (potential distribution), while the

estimated footprints were reduced with ˜35% and ˜40% when using

the high-resolution BB squares or BB polygons, respectively (Table 1).

A similar analysis based on the known eelgrass distribution did not

show overlap when using actual dredge tracks (BB polygons) and

smaller overlaps of 0.01 and 0.05 km2 when using BB squares and

VMS squares, respectively. This shows that low resolution of fishery

data often results in an overestimation of the footprint of the fishery,

especially for aggregating species, where the footprint is often

localised and therefore can go from zero to multiple overlaps

within a few hundred metres. Consequently, the aggregation of

even high-resolution BB data in squares, especially with large

squares, result in an estimated higher fishery footprint, as

conservation features e.g., habitats, are often distributed on smaller

scales (Pedersen et al., 2009). Adequate estimates of the fishery

footprint are especially challenging in coastal areas with small-scale

vessel fisheries (SSF) due to insufficient information on fishing

activities and, therefore, lacking as a support in ecosystem-based

fishery management (Dalskov et al., 2021). If only VMS and/or AIS

data are available for coastal SSF, the estimation of the fishery

footprint is often challenged by: i) the fishing operations are

relatively short in distance and duration, ii) potential mismatch of

the time resolution of electronic monitoring system with for example

1 h pings and the fishing activity of minutes for each fishing track,
FIGURE 6

The overlap (km2) between fishing activities in 2018 and areas with
actual and potential eelgrass in Lovns Bredning assessed by either VMS
squares, BB squares or BB polygons (see text for further explanation).
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which require data filtering to separate fishing activities from

steaming e.g. by speed or develop workflow to identify individual

vessel trips and infer fishing activities (Rufino et al., 2023), iii) low

spatial and temporal logging frequency of the vessels position, and iv)

no registration of actual fishing activity location e.g., winch rotations.

Furthermore, often only few vessels if any of the entire SSF fleet in an

area uses VMS and consequently the data input is provided by few

vessels, increasing the risk of either underestimation (few pings) or

overestimations (large squares) of the fishery footprint. When using

high-resolution BB data, information on each individual dredge track

combined with more specific details on gear type, width, and

numbers for each vessel provides adequate estimates of fishing

footprint, which can be visualised and quantified (Figures 5, 6).

Implementing the BB system on vessels using other mobile bottom-

towed fishing gear, such as trawls or beam trawls, will provide more

accurate estimates and probably also reduce the estimated footprint

of the fishery on benthic habitats compared to other electronic

monitoring fishery data (VMS and AIS). Therefore, high spatio-

temporal resolution BB data can assist in evaluating and maintaining

coastal fishing activities by providing quantitative insights of the

fishery footprint and enhance the protection of vulnerable habitats.
4.3 Contribution to EU obligations for
remote electronic monitoring of SSF

As of January 2024, new EU regulations for fishery control

mandated that all EU fishing vessels, as well as non-EU vessels

operating in EU waters, to use VMS and submit catch reports

electronically, regardless of their size. Small-scale fisheries were

granted a grace period until 2028 to adapt and comply with these

new requirements (EU regulation 2023/2842). The reinforcement of

installation of VMS on all fishing vessels will support SSF fisheries

management, especially if combined with development of workflow

to identify individual vessel trips and infer fishing activities, adapted

to different fishing fleets (Rufino et al., 2023; Mendo et al., 2024).

However, as demonstrated in this study, electronic monitoring

systems like the BB system, equipped with inductive proximity

sensors, deliver the most accurate and detailed mapping of

individual fishing tracks, significantly enhancing fisheries control

and surveillance of the fisheries with bottom-towed gears and can

protect sensitive benthic habitats such as eelgrass meadows. Multiple

electronic monitoring systems are available, and responsibility falls

on the individual EU member states to select and implement the

appropriate system to enhance management practices. These high-

resolution data obtained from electronic monitoring systems are

essential for advancing reliable methods to assess fishing footprint,

guiding future decision-making and enhance ecosystem-based

management to meet conservation objectives.
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