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Preface

Examining coastal areas in Denmark, this project describes scientific investigations of 1) local
fishing efforts, and 2) new cobble reefs and implications for fish and commercial fisheries. The
two scientific investigations were funded collectively within one common project: “Kortlaegning af
kystnaert fiskeri og rev-monitering i danske farvande (KORTFISK)” (DTU Aqua no. 33113-B-19-
142). The project period was June 2019 — September 2023.

The KORTFISK project was funded by the European Maritime and Fisheries Fund (EMFF) and
the Danish Fisheries Agency. The EMFF funding ensures that Denmark and Europe invest in
sustainable fisheries and aquaculture. Additional funding sources included support from the Ve-
lux Foundation, the energy company Vattenfall, and the Danish Recreational Rod and Net Fish-
ing Fund.

Coastal fishing efforts were mapped using electronic monitoring systems and compared with
maps of other marine activities that may affect fishing. Danish fishers supported the project,
joined the KORTFISK project voluntarily, and provided fishing effort data for the scientific map-
ping. This was achieved to support future fisheries by enabling recognition and protection of
specific fishing areas.

Marine life developing on new cobble reefs was monitored and reported across a period of five
years. The investigation applied different advanced underwater camera approaches to docu-
ment fish abundance and describe findings in relation to fisheries. This was achieved to deter-
mine fish abundance and outline 1) reef implications for Danish coastal fisheries, 2) effects of
future cobble reef protection, and 3) effects of cobble reef restoration for commercial fishing.

Parts of the project results have already been published as a peer-reviewed scientific article,
which is available here.
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European Union
European Maritime and Fisheries Fund

Finally, the present report builds on the previous project “Betydning af rev-habitater for fisk,
marsvin og fiskeriforvaltning” (DTU Aqua no. 33113-B-19-057) funded by the European Mari-
time and Fisheries Fund (EMFF) and the Danish Fisheries Agency. The earlier report is availa-
ble here. Please note that the previous report is in English and therefore has a corresponding
English title.

Silkeborg, June 2025

Jon C. Svendsen
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Summary

Coastal marine habitats are subjected to a range of natural and anthropogenic pressures. This
can degrade the resilience of these ecosystems and eventually affect the livelihood of people
depending on the exploitation of the resources associated to the ecosystems. In European wa-
ters, and particularly in the Danish Exclusive Economic Zone (EEZ), coastal fishing communities
are increasingly in competition for space with other anthropogenic activities taking place at sea.
Small vessels (<12 m) are not required to report detailed positional data (GPS tracks) of their
fishing activity. Therefore, in case of a conflict between small-scale fisheries (SSF) and other
non-fishing marine activities and industries (e.g., renewable energy project or sediment extrac-
tion), small-scale fishers often A) lack evidence to demonstrate the importance of key fishing
grounds and B) may be unable to protect the fishing grounds. Meanwhile, the extraction of boul-
ders and cobble, and the simultaneous destruction of rocky reefs, combined with exploitation of
sand, gravel and pebble, in Denmark for more than 100 years has reduced the availability of
complex habitats and the associated biodiversity. The deterioration of coastal marine habitats in
the Danish EEZ may reduce the local resilience of important fish stocks, including Atlantic cod
Gadus morhua, affecting small-scale fishers depending on the exploitation of these stocks. As a
response to habitat and biodiversity loss in coastal areas, several projects have proposed to re-
store complex habitats, like rocky reefs, with some encouraging success in Denmark and else-
where.

This report presents the results of the KORTFISK project, which aimed at strengthening the
Danish small-scale fishing sector working on two main axes: 1) precise local mapping of the
fishing activity of SSF inside the Danish EEZ to estimate how it overlaps spatially and tempo-
rally with other industrial marine activities, and 2) long-term monitoring of new cobble reefs to
document the abilities of such restoration projects to increase A) fish abundance, and B) de-
rived fisheries in coastal Danish waters. Please note that the mapping of the SSF fishing activity
is not necessarily representing all similar fisheries in Denmark. The mapping is local and high-
lights the feasibility for future studies.

The success of the KORTFISK project relied heavily on the active collaboration between DTU
scientists and key stakeholders such as commercial fishers, fisheries organizations, and local
marine habitat restoration groups. Collaboration between all groups was achieved successfully
and provided the backbone for the KORTFISK project.

The first part of the project consisted of collecting geolocation data from active commercial ves-
sels using electronic monitoring system (EMS) to map the distribution of the fishing effort of
Danish SSF over an extended period starting in 2021. The analyses of these data reveal the
key fishing grounds of the participating vessels by estimating the areas where 90% of their in-
come originates. The maps thus created were overlayed with maps of all the areas within the
Danish EEZ designated or used for anthropogenic activities other than fishing, including marine
protected areas. The areas of potential conflict between key fishing grounds and other marine
activities are an important source of information for fishers and their organisations’ representa-
tives, because it allows an actual claim to the areas the fishers exploit commercially.

The second part of the project conducted long-term monitoring of new cobble reefs to document
the reef effects for fish abundance and fisheries. Across a period of five years, reefs were de-
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ployed in 2017 and subsequently monitored in 2018 and 2021. Scientific monitoring was con-
ducted using hundreds of underwater cameras deployed on the seabed in areas with A) natural
cobble reefs, B) restored cobble reefs, and C) control areas with the seabed consisting of sand.
Abundance data were gathered for several species of fish and other marine organisms. Anal-
yses applied a strong scientific approach (the before-after-control-impact (BACI) framework) to
determine the effects of the new cobble reefs. Summarizing the abundance data using the BACI
framework, the data reveal positive restoration effects in three out of the six focal species
groups. Specifically, the species groups responding positively to the cobble reef restoration
were Atlantic cod, goldsinny wrasse, and two-spotted goby. Results indicated two potentially
negative restoration effects in Atlantic herring and flatfish; however, the negative effects were
not consistently reported by different methods of data collection. The negative effects therefore
remain uncertain and should be subjected to further investigations. The results indicate that
cobble reef deployment is a viable tool to restore marine complex habitats. The associated
fauna responds quickly and starts living in the complex habitats. The positive outcome of cobble
reef restoration is the case for a range of reef associated species, including the Atlantic cod,
which is an important commercial species. Therefore, cobble reef restoration is likely to benefit
coastal fisheries locally.

This report concludes with recommendations to help protecting and restoring fish communities
in coastal Danish waters by recovering degraded rocky reefs and maintaining existing reefs,
which likely will benefit the livelihood of small-scale commercial fishers, depending on healthy
marine habitats. Moreover, the precise geospatial information collected with GPS trackers in-
stalled onboard commercial vessels proved to be a valuable source of data to document and
understand the spatial and temporal variations in fishing effort of the Danish SSF. The report
recommends continuing such data collection in the future. Future studies may combine elec-
tronic monitoring with detailed habitat mapping to determine the value of various marine habi-
tats. This objective would however require full considerations of all life stages of relevant marine
species including spawning habitat, dispersal of fish eggs and larvae, juvenile nursery areas,
adult maturation areas, and exchange (connectivity) between different areas. Factors like fish
growth, survival, and fish production remain crucial to understand for successful ecosystem-
based fisheries management.
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1. Introduction

Globally, many marine ecosystems and fishing sectors are threatened by several factors includ-
ing climate change, pollution, land reclamation, oxygen depletion, and fish habitat destruction.
Highly impacted areas range from the North Sea and the Baltic Sea to eastern Caribbean and
Japanese waters (Halpern et al., 2008, 2019; Korpinen et al., 2012). Impacts are often due to
direct exploitation of coastal resources, including overfishing, illegal fishing, and land reclama-
tion of shallow-water habitats, but also indirect effects associated with fast population growth on
urbanization and industry (Vasconcelos et al., 2007; Halpern et al., 2008; Korpinen et al., 2012;
Brown et al., 2018; Lin and Yu, 2018; O’Hara, Frazier and Halpern, 2021; Gernez et al., 2023;
Standal and Hersoug, 2023).

Derived consequences of population growth, urbanization and industry are evident in many ma-
rine areas. For example, marine areas may be devoted to dumping of sediment from harbour
and navigation route maintenance (Palanques et al., 2022; Mousavi, Kavianpour and Alcaraz,
2023) or extraction of raw materials (e.g., sand or cobble) for construction and other purposes
(Erftemeijer and Robin Lewis, 2006; Spearman, 2015; Waye-Barker et al., 2015; Campmans et
al., 2021; Krabbendam et al., 2022). In addition, large marine areas are increasingly allocated
for renewable energy production and nature conservation areas (Gilman, Kaiser and Cha-
loupka, 2019; Rowlands et al., 2019; Glarou, Zrust and Svendsen, 2020; Gusatu et al., 2020;
Trouillet and Jay, 2021; Virtanen et al., 2022). In addition to influencing the marine environ-
ments, many of the activities may also displace various fishing industries (Schupp et al., 2021;
Stelzenmillller et al., 2021; Stokesbury, Fay and Griffin, 2022).

Comparable to many other countries, coastal fisheries in Denmark are threatened. For example,
commercial fishers are reporting declining coastal fish captures and elevated competition for
marine space. To mitigate the increasing spatial conflicts, fishers often need spatially explicit
documentation of their fishing activities. By having spatially explicit documentation of fishing ac-
tivities, fishers can inform authorities about specific fishing areas and thereby demonstrate their
historical dependence of the areas. However, commercial coastal fishers with small fishing ves-
sels (< 12 m) rarely have documentation of their fishing areas, because electronic monitoring
systems are lacking. The absent documentation of fishing areas is a growing problem because
fishing areas can be allocated to other industrial activities by the authorities, including sediment
dumping or extraction of raw materials (e.g., sand or cobble). For the individual fishers, finding
new fishing areas may be difficult or largely impossible. To mitigate the problem, mapping and
improved documentation of fishing areas is needed.

The extraction of raw materials, including boulders, cobble, gravel, and sand, has been carried
out for a very long time in Danish waters. Starting centuries ago, marine boulder extraction for
harbour jetty construction along the Danish coastline eliminated many boulder reefs and de-
graded local marine environments. Boulder extraction, involving extraction of individual boulders
from the seabed, was banned in 2010 (Kristensen et al., 2017), however, other raw materials
are still extracted from the Danish seabed. Specifically, extractions include sand, gravel, peb-
bles, and various larger stone categories (e.g., material resembling cobble; stone diameters up
to 30 cm) that are removed and processed by industrial vessels. The ongoing extractions are
subjecting vast areas of Danish coastal waters to removal of sand and larger hard substrates,
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transforming the seabed morphology and reducing the structurally complex habitat availability
(Airoldi, Balata and Beck, 2008; Stettrup et al., 2014).

A poor availability of structurally complex habitats may affect fish abundance and thereby
coastal commercial fisheries (Flavio et al., 2023). The habitats are often vital to the health and
function of coastal ecosystems (Kovalenko, Thomaz and Warfe, 2012; Simon, Joyeux and Pin-
heiro, 2013; Kristensen et al., 2017; Lefcheck et al., 2019). Past findings indicate that marine
environments with high habitat complexity often support greater abundance of individual spe-
cies than less complex environments (Jenkins and Wheatley, 1998; Wilms et al., 2021).

Considering commercially important species, Atlantic cod (Gadus morhua) remains the most
studied species, with enhanced biomass, density, feeding, survival and spawning on rocky,
complex habitats compared to unstructured habitats (Gotceitas, Fraser and Brown, 1995; Kri-
stensen et al., 2017; Flavio et al., 2023). Moreover, gravel and rocky habitats appear to be im-
portant for spawning of herring (Clupea harengus) (Maravelias, Reid and Swartzman, 2000;
Bergstrom, Sundqvist and Bergstrém, 2013; Frost and Diele, 2022; Flavio et al., 2023). Like-
wise, there is evidence that juvenile European eel (Anguilla anguilla) prefers complex rocky
habitats in coastal areas (Christoffersen et al., 2018). Therefore, poor availability of complex
rocky habitats may translate into unfavourable conditions for spawning and biomass of diverse
commercial species (Flavio et al., 2023).

Due to degraded marine environments, ecological restoration initiatives have accelerated since
the start of the 21st century (Stettrup et al., 2017; Duarte et al., 2020; Gernez et al., 2023). Eco-
logical restoration is the process of intervening in the recovery of an ecosystem that has been
previously degraded, damaged, or destroyed by human activities (Elliott ef al., 2016). The aim
of ecological restoration is to recover ecosystem services, and it can be achieved in several
ways, including the use of either soft or hard substrate (Dafforn et al., 2015; Elliott et al., 2016).

In marine restoration and management, long-term monitoring is required to track the ecological
responses to management measures and assess the efficacy of the restoration efforts. Ulti-
mately, this helps inform future restoration strategies and marine spatial planning (Lester et al.,
2018). In Danish waters, boulder reefs have been restored for several years (Stgttrup et al.,
2017). Studies have revealed that many commercially important species respond favourably to
reef restoration. For example, a study on Atlantic cod revealed a significant preference for a re-
stored boulder reef (Kristensen et al., 2017). Indeed, boulder reefs in temperate waters support
high biomass and biodiversity (Stgttrup et al., 2017). Much less is known about the effects of
rocky reefs consisting of smaller rocks. This lacking knowledge includes reefs consisting of cob-
ble and stones with a diameter up to 30 cm (about 11.8 in). This is an important topic because
cobble is still extracted as raw material in dedicated marine areas in Denmark. However, poten-
tial effects of the extraction on marine species, biodiversity and fisheries remain largely un-
known.

The overarching aim of the present project, termed KORTFISK, is to strengthen coastal fisher-
ies. To this end, the KORTFISK project covered the following objectives: 1) collaboration with
commercial fishers to map fishing activities and provide enhanced documentation of commercial
fishing areas, and 2) collaboration with local marine restoration groups to document the long-
term effects of cobble reef deployment and restoration. Objective 1) included commercial fishers
distributed over most of Denmark. Fishers agreed to have electronic monitoring systems in-
stalled on their vessels and thereby document their fishing activities and locations for several
months (accumulating to many fishing years). The resulting maps of fishing activities will help
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securing fishing areas in the future when competition for space at sea likely will increase. Im-
proved documentation of coastal fishing areas may also be useful in the future to document
changed fishing patterns as a result of various factors including sediment dumping, raw material
extraction, oxygen depletion, and pollution incidences. Objective 2) included documentation of
fish abundances near A) restored cobble reefs, B) natural cobble reefs and C) control areas
where the seabed consists of sand. Objective 2) was achieved in Sgnderborg Bay (Flensborg
Fjord) in Southern Denmark where a previous study deployed cobble reefs during the winter
2017-2018 (Svendsen et al., 2022). Quantifying the effects of the cobble reefs for fish abun-
dance is expected to A) document the importance of the complex habitats in terms of fish and
commercial fisheries, and 2) enhance the protection and restoration of vital complex habitats to
support local fisheries.

Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK) 9



2. Materials and methods

2.1 Mapping of coastal fisheries in relation to other industrial activities

One of the main goals of the KORTFISK project was to map the areas of potential conflict be-
tween Danish coastal small-scale fleets (SSF) and any other marine industrial activities taking
place in Danish waters.

2.1.1 Electronic monitoring (EM) system installation and EM data acquisition

Generally, the knowledge of the spatio-temporal distribution of SSF in Denmark required for
such a task lacks precision as e.g., fishers operating vessels below 12 metres in overall length
are not required to carry a Vessel Monitoring System (VMS). Smaller vessels must report their
effort to the fishery authorities using logbooks or monthly declarations, at a scale that is too
coarse to be exploitable for this project.

Advances in electronic technologies (ET) allow monitoring the activity of fishing vessels of all
sizes — including SSF — at a fine spatio-temporal scale. The Working Group on Technology Inte-
gration for Fishery-Dependent Data (WGTIFD) defines electronic technologies (ET) as “any
electronic tool that is used to support fisheries-dependent data collection, both on shore and at
sea, including electronic reporting, electronic monitoring, positional data systems, and observer
data collection” and defines further electronic monitoring (EM) as “the use of imagery, sensors,
and global positioning systems (GPS) to independently monitor fishing operations, effort, and/or
catch” (ICES, 2019). Collaborating with national fisheries organizations and many local fishers,
the KORTFISK applied novel installation of EM/ET systems onboard voluntarily participating
vessels to collect fine-scale positional and gear usage information (no video/imagery data). For
convenience, in this report, the terms electronic technology and electronic monitoring are con-
sidered synonymous.

To find and engage fishers and obtain high-resolution data for mapping SSF fishing activities in
Danish waters, the KORTFISK project communicated with two Danish fisheries organisations,
namely the Danish Fishers Producer Organisation (DFPO; Danmarks Fiskeriforening Producent
Organisation), and the Association for Low-Impact Fishing (FSK-PO; Foreningen for Skadnsomt
Kystfiskeri Producent Organisation). Initially, meetings with POs representatives were arranged
to explain the goals of the KORTFISK project and subsequently, POs representatives contacted
fishers directly to ask them to participate. Further fisher recruitment for the KORTFISK project
was ensured by posting articles in various relevant magazines and web pages (e.g., Fiskeri
Tidende). This work resulted in the recruitment of 13 fishers in 2021 who volunteered to have
EM equipment installed on their own fishing vessel. A formal contract between parties was de-
veloped and signed to ensure a legal basis. Two out of 13 vessels did not record EM data dur-
ing the entirety of the study period due to external factors, independent of the KORTFISK pro-
ject.

The Danish company Anchorlab was selected as the EM provider for this project. Anchorlab de-
velops hardware and software solutions to collect, store, and analyse EM data, with an existing
long-term collaboration with DTU Aqua on various projects. The Anchorlab BlackBox Sensor
system (hereafter, BlackBox) offered the best option for the KORTFISK project and permitted to
accurately identify times and locations of fishing activities, with data collected through GPS,
analogue, and digital sensors (Figure 1). The EM data thus collected could be readily checked

10 Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK)



and analysed using specialised tools such as BlackBox Analyzer, which have been used at
DTU Aqua for years, easing up and accelerating the EM review process.

Figure 1. Details of a BlackBox Sensor installed onboard the vessels participating in the KORFISK
project (source: Anchorlab).

The details of the vessels that participated to the KORTFISK project, including the vessel con-
figuration and a measure of the amount of data collected are show in Table 1. All vessels were
equipped with sensors to help identify fishing activities. Hydraulic sensors were linked to the
drum on gillnet vessels, giving an indication on when the hauler was in use to retrieve the nets
from the water. The trawler, the seiner, and two other gillnet vessels carried an on/off switch in-
stead that the fisher had to press to indicate the beginning and end of each haul. Additionally,
some of the vessels were for short periods of time fishing with a secondary gear, so we also
registered fishing with longlines (LL) and pots and traps (FIX).
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Table 1. Details of the fleet equipped with BlackBox Sensor during the KORTFISK project. Main
gear is given at métier Level 3 (GN: nets; TB: bottom trawls; SX: seines).

Overall Vessel #FD
Vessel Length Main Configu- Start End Rec-
ID (m) Gear Home Harbour ration Date Date orded
A Hydrau-
= GN Bennerup O 03-06- 3103 .0
21 23
sor
B Hydrau-
10,8 GN Hirtshals lics sen- 07-07- = 31-03- 230
21 23
sor
C ; On/Off 22-06-  31-03-
12,17 B Hirtshals sensor o 93 175
D 16 SX Hirtshals On/Off 21-06- = 31-03- 90
sensor 21 23
E 11,99 GN Hanstholm On/Off 17-06- | 31-03- 133
sensor 21 23
F Hydrau-
8,2 GN Kalundborg lics sen- | 1805~ 31-03- 161
21 23
sor
G : On/Off 19-05-  14-11-
6.04 GN Gershg;j sensor ] o1 29
H Hydrau-
8,66 GN Korsar lics sen- 20-05- | 31-03- 105
21 23
sor
! Hydrau-
7.95 GN Korsar lics sen- | 20-05-  31-03- 314
21 23
sor
J Hydrau-
1.5 GN Thyborgn lics sen- 07-05- | 13-03- 125
21 23
sor
K On/Off 29-04-  31-03-
9,86 GN Thyborgn sensor ~ o3 133
L Hydrau-
10,57 GN Thyboren lics sen- | 2005 31-03- 256
21 23
sor
M On/Off 21-07-  04-03-
10,77 TB Bagenkop sensor ~ o 70

The EM data collected during the course of the KORTFISK project consisted of hundreds of
thousands of spatial points, linked to additional information on date and time, vessel speed, and
sensor data. Each fishing day was reviewed using the BlackBox Analyzer. This software can
show the trace of one or several fishing trips on a high-resolution map, together with the infor-
mation collected by the different sensors (Figure 2 to Figure 9). Fishing trips where errors were
detected (sensor defect, GPS failure, etc.) were excluded from the fishing effort dataset.
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Figure 2. Example of a gillnet fishing trip with a hydraulic sensor in BlackBox Analyzer. The main
window at the bottom shows the GPS trace of the vessel, with the colouring corresponding to the
vessel speed. In the upper part, a timeline shows the vessel speed (blue line) and the pressure in
the hydraulic gear sensor (orange line). Here, the sensor registered the entire hauling process
when three nets are retrieved onboard the vessel.
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Figure 3. Example of a gillnet fishing trip with an on/off sensor in BlackBox Analyzer. The main
window at the bottom shows the GPS trace of the vessel, with the colouring corresponding to the
vessel speed. In the upper part, a timeline shows the vessel speed (blue line) and the onset of the

sensor when the gillnetter is hauling the nets (orange line). Here, the sensor registered the entire
hauling process when three nets are retrieved onboard the vessel.
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Figure 4. Example of a Danish seine fishing trip with an on/off sensor in BlackBox Analyzer. The
main window at the bottom shows the GPS trace of the vessel, with the colouring corresponding to
the vessel speed. In the upper part, a timeline shows the vessel speed (blue line) and the on/off
sensor registrations (orange bars). Here, the sensor registered the latest phase of the hauling pro-
cess when the Danish seine is being towed back up onto the vessel.
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Figure 5. Example of a trawl fishing trip with an on/off sensor in BlackBox Analyzer. The main win-
dow at the bottom shows the GPS trace of the vessel, with the colouring corresponding to the ves-
sel speed. In the upper part, a timeline shows the vessel speed (blue line) and the on/off sensor
registrations (orange bars). Note that, in this case, the sensor registered the hauling phase only
and not the preceding towing phase.

2.1.2 Fishing activity from geopositional data

The positional data collected with EM contained a column “isSailing”, a binary variable indicat-
ing whether the vessel is inside a harbour or not. This information was first used to create a so-
called “trip-id” variable for each of the vessels and, thereafter, the dataset was filtered to keep
only the points with sailing activity. As a result, all the data points lying inside harbours were re-
moved, reducing the size of the dataset considerably. For each trip, fishing was then inferred
using either the on/off sensor, or the hydraulics sensor — depending on which was installed on
the vessel. For vessels equipped with a hydraulics sensor, a normal distribution of the sensor
data for a given trip was used to identify regime shifts in the output from the sensor (which indi-
cates that the equipment is in use, i.e., that fishing is occurring). Since for trawlers the sensors
are only registering when they are “in use”, i.e., when the net is set out and hauled back in (Fig-
ure 6), the points between two close inferred fishing operations were also marked as fishing.
The method to identify fishing operations was more complex for the Danish seiner as the on/off
sensor on that vessel was only recording the anchor setting and not the entire fishing process
(Figure 5). A typical Danish seine fishing operation consists of deploying a weighted rope at-
tached to an anchor buoy; the vessel then sweeps in a large circle arc with the rope sinking to
the bottom. The Danish seine net is then sunk, and another weighted rope is deployed back to
the anchor buoy, forming a characteristic oval shape (Figure 6 right). Once finished, the entire
gear (ropes and Danish seine net) is towed to herd the fish into the net and the catch is winched

16 Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK)



back onboard. Here, fishing was determined from the pattern of the fishing operation which was
considered consistent over time. First, we created a circle with a 1 km diameter around the an-

chor point, and then the time consecutive points going out of and coming back into the polygon

were considered as fishing, as illustrated in Figure 6.

/

Figure 6. Left: Fishing trip of a Danish seiner, showing three fishing operations. The position where
the on/off sensor is activated is marked with a polygon area (represented here as a blue circle) and
indicating the beginning of the fishing operation(s). Right: Detail of the points consecutive to the
activation of the on/off sensor which belong to an arc leaving and coming back to the polygon
area. These points characterise the vessel’s fishing operation(s).

For those trips where the gear sensor had failed or was not turned on (examples are shown in
Figure 7 to Figure 12), fishing was determined using a speed filter instead of the data from the
gear sensors. Simply put, we assumed that fishing operations like hauling up a fishing net or
towing a bottom contact gear are only taking place at well discriminated speeds for a given ves-
sel (Mendo et al., 2019, 2023; ICES, 2022). These speed thresholds were determined for each
vessel and gear combination based on the data where the sensor was working. The same mini-
mum and maximum speed found when the sensor was working was used to select the points in
this interval for the trips where the sensor was malfunctioning, giving a good estimate of when
fishing had occurred. Sensor failure during a trip was detected by comparing the duration of
fishing operations within a trip (based on the sensor data or the speed threshold method)
against the duration of the entire trip. Using this approach, we could see clear discrepancies be-
tween trips where sensors were active/working and trips where they were not. When the sensor
was working, there was never more than 60% of the time at sea spent fishing, while all the trips
where the sensor failed had above 80% of the time marked as fishing or 0 % when the sensor
was completely turned off.
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Figure 7. Example of a gillnet fishing trip in BlackBox Analyzer with a failing hydraulic sensor. The
main window at the bottom shows the GPS trace of the vessel, with the colouring corresponding to
the vessel speed. In the upper part, a timeline shows the vessel speed (blue line) and the pressure
in the hydraulic gear sensor (orange line). Here, the sensor shows an even pattern, with no differ-
ence between hauls and steaming, making it unreliable.
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Figure 8. Example of a gillnet fishing trip in BlackBox Analyzer with no working sensor. The main
window at the bottom shows the GPS trace of the vessel, with the colouring corresponding to the
vessel speed. In the upper part, a timeline shows the vessel speed (blue line), but no gear sensor
data.
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Figure 9. Example of a gillnet trip with no gear sensor data and for which only the positional data
(GPS position and vessel speed) are available. The main window at the bottom shows the GPS
trace of the vessel, with the colouring corresponding to the vessel speed. In the upper part, a time-
line shows the vessel speed (blue line), but no gear sensor data.
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Figure 10. Example of a gillnet fishing trip with no gear sensor data and for which the positional
data (GPS position and vessel speed) presents abnormalities. The main window at the bottom
shows the GPS trace of the vessel, with the colouring corresponding to the vessel speed. In the
upper part, a timeline shows the vessel speed (blue line), but no gear sensor data.
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Figure 11. Example of a gillnet fishing trip in BlackBox Analyzer with a failing hydraulic sensor. The
main window at the bottom shows the GPS trace of the vessel, with the colouring corresponding to
the vessel speed. In the upper part, a timeline shows the vessel speed (blue line) and the pressure
in the hydraulic gear sensor (orange line). Here, the sensor is not working.
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Figure 12. Example of a gillnet trip showing a failure of the hydraulic sensor (the orange graph in
the top of the picture). The main window at the bottom shows the GPS trace of the vessel, with the
colouring corresponding to the vessel speed. In the upper part, a timeline shows the vessel speed
(blue line) and the pressure in the hydraulic gear sensor (orange line). Here, the sensor is not work-
ing.

2.1.3 Mapping of other industrial activities

Usage of the Danish seas by humans — besides fishing — includes activities related to aquacul-
ture, offshore renewable energy production, oil and gas exploitation, harbour and coastal con-
structions, shipping lanes, other industrial activities like sediment extraction, sediment dumping,
as well as usage related to nature protection, tourism, military activities, etc. (Jakobsen et al.,
2021). These activities are usually strictly delimitated spatially to allow all users fair and safe ac-
cess and usage of the areas and resources. Geospatial data describing the usage of the ocean
for anthropogenic needs are recorded and accessible from different sources. At the very begin-
ning of the KORTFISK project such data had not been compiled in a unique database, so meet-
ings were arranged early on with representatives from the Danish Agency for Data Supply and
Infrastructure (Dataforsyningen; https://dataforsyningen.dk/) to collate and retrieve data on at-
sea industrial activities. In parallel, historical data on industrial activities in Danish waters and
further in the Baltic and North Seas were compiled from the publicly available databases of re-
gional bodies like HELCOM or OSPAR, and from the European Union dedicated webportal IN-
SPIRE (https://inspire-geoportal.ec.europa.eu/). During the course of the KORTFISK project,
the Danish authorities released a national marine plan “Havplan”, following the requirements of
the European Union (EU) that each Member State must produce a Maritime Spatial Plan (EU,
2014; Erhvervsministeriet, 2020). This Havplan covers the entire Danish maritime area and
identifies and lists anthropogenic activities across sectors including the offshore energy sector,
maritime transport, transport infrastructure, fisheries and aquaculture, extraction of raw material
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at sea and preservation, protection, and improvement of the quality of the environment. Al-
though it was essentially the same data that we had previously compiled for the KORTFISK pro-
ject, we chose to use information and data retrieved directly from the Havplan web platform
(https://havplan.dk/), as this now constitutes de facto the most reliable, up-to-date source of
maritime geospatial data in Denmark. In some cases, we completed this with information from
other sources when it was not present in the Havplan database. The geospatial data thus col-
lected was compiled in the geographical information system (GIS) software qGIS (QGIS Devel-
opment Team, 2023) and stored as a geopackage file available at
https://www.doi.org/10.11583/DTU.23365280.

2.1.4 Fisheries landings data

Fisheries data were acquired from the Danish Fisheries Agency in the form of sales-notes and
logbooks. Sales notes contain information on the amount of catch landed (in weight) and on the
price the fish were auctioned off for, while logbook data report information on fishing trip dates,
fishing operations times, and gear usage for each reported fishing trip, as well as general vessel
specifications such as overall length (oal) and engine power (kw). The sales notes and logbook
data were combined by landing date into one dataset. The catch weight and price for each fish
species was coupled by fishing trip; in some cases where logbook data also contained the re-
ported start and end of each fishing operation, this information was added to the dataset.

For the vessel monitored with EM in the KORTFISK project, the fishing operations identified
from the positional data (section 2.1.2) and the joint sales notes and logbook data were com-
bined by aligning the landing dates and the fishing operations dates for these vessels. Specifi-
cally, catches from logbooks and sales notes were allocated to the closest earlier fishing opera-
tions, assuming the fishers auctioned their catches as early as possible after the fishing trip had
ended. For smaller vessels engaging in daily fishing trips, the landings and trip dates generally
coincided, while for larger vessels going out at sea for several days, the landings were distrib-
uted over the entire duration of the trip.

2.1.5 Aggregation of data series and data analyses

The EM vessels fishing activity inferred from geopositional data was converted to polygons to
estimate the spatial and temporal overlap between the fishing activity of these vessels and all
other anthropogenic activities taking place at sea. These polygons can be understood as a spa-
tial representation of the core fishing grounds for these vessels. To create these core fishing ar-
eas, we first grouped the points identified as fishing (fishing points) using the density-based
spatial cluster method described in Hahsler et al. (2019). For each of these clusters of fishing
points, the minimum enclosing ellipse was evaluated. When it was not possible to create an el-
lipse (e.g., because the cluster contained too few points, or in case of outlying points), an alter-
native method using a convex hull was used instead (Wollschlaeger, Daniel, 2023). We used a
50-meter-wide buffer to account for the gear width and its footprint on the seabed. Finally, we
allocated the catches (or the landings, as reported in sales notes) to each of the polygons; over-
lapping polygons could then be merged to quantify the surface, landings in weight, and landings
values for each fishing area.

Overlapping the fishing grounds with the industrial areas, a table of how much area overlaps
and what value this area has had in the period of the experiment. In this table the conflict be-
tween the fishing and each of the other identified anthropogenic activities are clarified and aims
to highlight the most critical sites by fishing gear.
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2.2 Cobble reef associated biodiversity

2.21 Study area and cobble reef deployment

The study was carried out in Sgnderborg Bay, a coastal area located in the Flensborg Fjord be-
tween Denmark and Germany. The present study applied 1) areas suitable for reef restoration
(termed restoration sites or experimental sites) without reef structures, 2) areas with natural
cobble reef (natural reef site), and 3) areas without reef structures for comparisons (control
sites). In total, this project applied two restoration sites, two natural reef sites, and two control
sites. Combining knowledge from existing maps, local resources, updated bottom surveys,
SCUBA diving, and comparisons of underwater video ensured that the seabed in the restoration
sites was suitable for reef deployment and had the needed carrying capacity to sustain the
rocks after deployment. Moreover, the gathered knowledge also ensured that establishing reefs
was feasible without destroying existing important habitats (e.g., eelgrass beds or biogenic
reefs). Further details have been published previously (Svendsen et al., 2022). The sites se-
lected for reef restoration were Stenholt and Hvide Mur (i.e., restoration sites), Vesterhage and
Spar Es provided natural cobble reef sites, and Viemose and Kegnaes Ende were used as con-
trol sites (Figure 13). In each of the six sites, sampling took place within a 200 m wide and 500
m long rectangular area along the coastline to ensure standardization of both sampling area
and water depth. All sampling was carried out at depths ranging between 6 and 7 m.
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Figure 13. Map of Senderborg Bay showing reef restoration sites (experimental sites), natural reef
sites, and control sites.
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2.2.2 Cobble reef deployment

Reefs were deployed in the locations ‘Hvide Mur’ and ‘Stenholt’ situated in Sgnderborg Bay
(Figure 13). Reefs were composed of granite, imported from Norway. Rock diameters varied but
were mainly characterized as cobble (termed “ral” in Danish language). All rocks were larger
than 6 cm in diameter, and the mean rock sizes were typically matching the larger fractions of
cobble (>20 cm in diameter).

To plan the reef deployments, individual reefs units were designed. The individual reef units
were shaped as truncated square pyramids. The foot of each reef unit was 11 m x 11 m,
whereas the top of each reef unit was 5 m x 5 m. The height of each reef unit was either 0.6 m
or 1.3 m high (i.e., low and high reef units, respectively). Low reef units used 40 m3 of cobble,
whereas high reef units used 87 m? of cobble. In each restoration site (Hvide Mur and Stenholt),
the reef units were positioned in two lines, parallel to the coastline situated at water depths of 6
m and 7 m. A total of 40 individual reef units were deployed at the two restoration sites (20 reef
units each site). The 20 reef units were divided into 10 reef units placed on the 6 m line and 10
reef units placed on the 7 m line (Figure 14 and Figure 15). The reef units alternated between
low and high reef units, and the distance between each reef unit was approximately 20-30 m.
Further details can be found in Svendsen et al. (2022). Cobble reefs were deployed over two
months during the winter 2017-2018, and SCUBA divers confirmed the shape and locations of
the individual units shortly after the reef deployment (i.e., within a few days after deployment).
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Figure 14. Map showing individual reef units deployed at (A) Hvide Mur (top) and (B) Stenholt (bot-
tom) (i.e., restoration sites).
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Figure 15. Aerial photo of restoration reef units at (A) Hvide Mur (top) and (B) Stenholt (bottom),
photographed in 2019.
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2.2.3 Surveys of cobble reef biodiversity

To examine effects of restored reefs, this study applied an approach that involves sampling be-
fore and after reef deployment. Both reef restoration sites (i.e. experimental sites in Figure 13)
and control sites were sampled. In addition, natural reef sites were included in the sampling
scheme. Field monitoring took place 7-8 months before (in April/May 2017) and subsequently
4-5 months after the restoration of the reefs (in April/May 2018), and again 40-41 months after
reef restoration (in April/May 2021). Sampling was carried out from April to May all years, so any
seasonality-related variability in species abundance was minimized by sampling during the
same season (spring) each year (Folpp et al., 2020). Fish abundance and species composition
were compared across time between restoration sites and control sites, which consisted of an
empty sand or mud bottom. In addition, nearby natural reefs were monitored to compare with
the developments in natural hard-bottom reference sites.

We monitored six field sites as part of this study, two restoration sites at which cobble reefs
were deployed (‘Hvide Mur’ and ‘Stenholt’), two natural reef sites serving as reference sites
(‘Spar Es’ and ‘Vesterhage’), and two soft-bottom sites that served as control sites (‘Kegnaes
Ende’ and ‘Viemose’). Restoration sites were characterized by soft-bottom habitat prior to the
reef restoration efforts, like control sites, yet hosted multiple reef units after the deployment was
complete.

In this study, remote underwater video systems (RUVS) were used to quantify fish abundance
and marine species, RUVS included Baited RUVS (BRUVS) and Unbaited RUVS (UBRUVS).
GoPro cameras (Hero 3, 3+ and 4; www.gopro.com) were used for both BRUVS and UBRUVS.
All cameras were set with identical video settings including 720p video resolution and 30 frames
per second (NTSC) for recording. BRUVS and UBRUVS could run concurrently if they were at
separate sites, but they were never run at the same time within a single site.

Cameras used for UBRUVS were equipped with intervalometers (model: Time Lapse Intervalo-

meter or BlinkX, CamDo Solutions; www.cam-do.com). All intervalometers and BlinkX hardware
were programmed such that every hour the UBRUVS would turn on, record for 2 min, and then

turn off.

Cameras used for BRUVS started recording immediately after deployment and ran continuously
for 60-120 min. BRUVS were therefore equipped with an extra battery (BacPac; www.go-
pro.com) to ensure adequate recording. No artificial light sources were included within the cam-
era setup and therefore footage recorded at night were discarded. Day light hours varied be-
tween 13 h and 17 h during the study period (Svendsen et al., 2022).

A side scanner (Lowrance Elite-7 Ti; www.lowrance.com) was used to locate the field sites, de-
tect the restored reef units and to verify suitable soft- and hard-bottom habitats for control and
natural reef sites, respectively. The side scanner was used to confirm an area with a diameter
exceeding 25 m of the desired habitat for each camera deployment. A maximum of two RUVS
units, either both baited or unbaited, were run simultaneously at each field site (Rhodes et al.,
2020). BRUVS and UBRUVS were allowed to run concurrently at different sites, but never
within the same site as UBRUVS recordings could be affected if BRUVS were using bait in the
vicinity (Rhodes et al., 2020).

Video cameras in underwater housings were attached with horizontal orientation to a metal pole
(3 cm in diameter; 100 cm in height) at a height of 25 cm above the seabed. All camera units
were mounted on a concrete base (dimensions: 45 cm x 45 cm x 5 cm length, width, and height,
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respectively) to ensure stable positioning on the seabed. For the BRUVS setup, a bait arm (80
cm in length) extended in front of the camera’s field of view (FOV), holding a mesh bait bag that
contained 500 g of fresh chopped Atlantic herring (Clupea harengus; chops of 1-2 cm diameter).
Tape markers at 10 cm increments along the bait arm were used as a reference for visibility es-
timates. Bait was renewed before every deployment. The setup of UBRUVS resembled that of
BRUVS, but instead of a bait arm, a rope was attached to the concrete base and extended hori-
zontally in the camera’s FOV. The rope lay flat along the seafloor and was kept taut by an an-
chor at the end. Meter markers were attached to the rope and used for visibility estimates.
Standard GoPro waterproof housing held the cameras in position. Camera deployment proce-
dures resembled previous studies (Langlois et al. (2018).

Underwater recordings were analysed using the VLC Media Player® (www.videolan.org/vic/).
Fish species present were quantified as the maximum number of individuals per species in a
single video frame (MaxN), a metric widely used to avoid duplicate counts of individuals that are
visible in multiple frames throughout the video (Cappo, Speare and De’ath, 2004).

Our focal species, i.e. the species (or groups of species) that we targeted, were: Atlantic cod
(Gadus morhua), Atlantic herring (Clupeidae sp), goldsinny wrasse (Ctenolabrus rupestris), two-
spotted goby (Pomatoschistus flavescens), shore crab (Carcinus maenas), and flatfish. Flatfish
(Pleuronectiformes) were treated as a functional group containing MaxN from the following spe-
cies: Pleuronectiformes sp., P. flesus, P. platessa, Pleuronectidae sp., L. limanda, Scophthalmi-
dae sp., S. maximus, and S. rhombus.

We used generalized linear mixed models (GLMMSs) to analyse the abundance (MaxN) of the
focal species. Given unbalanced sample sizes between years 2017, 2018, and 2021, and to
avoid excluding random data, we combined the A) data Missing At Random (MAR) approach for
relatively small sample sizes, and B) the GLMM approach. This is considered a powerful tool to
deal with the potential differences of variation within our samples (Kain, Bolker and McCoy,
2015).

The BACI sampling design enabled us to distinguish effectively between natural variation and
effects caused by the restoration of the cobble reefs. BACI (Before-after-control-Impact) samp-
ling design is widely used in investigations of impacts on mean animal abundance. We used
BACI in detection of reef restoration effects on fish abundance within an environment with much
natural variation (e.g., changes in salinity).
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3. Results

3.1 Coastal fisheries in relation to other industrial activities and marine
protected areas

3.1.1 EMdata

The fishing activity of the fishers participating to the KORFISK project was estimated based on
the data collected with EM. The resulting fishing areas were mapped in order to evaluate the
spatial coverage of the fishing activity of the participating vessels in Danish coastal waters (Fig-
ure 16). To identify the most important fishing areas in terms of cumulative profit over the course
of the project, we also mapped the areas where 90% of the income originates from (Figure 17).
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Figure 16. lllustration of all areas where the 13 vessels have been fishing within the KORTFISK
study period. Different colours representing different gears used. The fishing areas were allocated
based on the fishing points from the EM data, by estimating the smallest enclosing ellipse.
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Figure 17. lllustration of the core fishing areas for the 13 vessels, where 90% of the income origi-
nates from within the KORTFISK study period.
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3.1.2 Data covering other anthropogenic and industrial activities

All information on anthropogenic and industrial activities at sea in Danish waters other than fish-
ing was compiled in a single at-sea anthropogenic activities dataset (Figure 18).
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Figure 18. lllustration of the areas within the Danish EEZ designated or used for anthropogenic ac-
tivity other than fishing, including marine protected areas.

3.1.3 Aggregated data

We estimated the surface coverage of each activity in Danish waters based on the data collated
in the at-sea anthropogenic activities dataset (Figure 18) and all the fishing core areas for each
of the activity type (Figure 17). Table 2 and Table 3 show a summary of the overlap between
fishing and non-fishing activities per activity type, respectively for all gears together and broken
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down by gear category. Both tables indicate the raw surface area per activity type, the total sur-
face overlap with fishing activities, and the corresponding income generated from fishing in
these areas. We also assessed for each activity type the proportion of fishing ground that over-
laps with areas designated or used for anthropogenic activity other than fishing, and we esti-
mated the corresponding proportion of income that is generated inside these areas.

Table 2: Summary of the overlap between fishing activities and other anthropogenic usage or pro-
tected area in Danish waters for all fishing gears. The overlapping surface area and fish catch val-
ues are presented as raw numbers; the proportion of fishing ground overlapping with areas desig-
nated or used for activities other than fishing and the corresponding income generated in this
overlap are also indicated.

Proportion
Proportion of of income in
fishing fishing
L Coverage Overlap Fish catch ground over- ground

Activity type 4 2) Gear (km?) value (DKK) lapping with  overlapping
other activi- with other
ties (%) activities

(%)

Protected 44 557 Al 1523 6025452 418 495

natural area

Natural re-

source ex- 26,989 All 893 1,976,026 24.5 16.2

traction

COZstor- 45 858 Al 175 1,010,181 4.8 8.3

age

Marine 4815 Al 117 580,460 3.2 4.8

farming

i All 150 377,980 4.1 3.1

jects

Raw mate-

rial extrac- 1829 All 335 134,281 9.2 1.1

tion

Procure-

MEMEEIGES o e Al 50 105,168 1.4 0.9

(wind

farms)

Renewable 45 949 All 51 102,079 14 0.8

energy

DL 63 Al 7.0 28,156 0.2 0.2

areas

Extraction

of sand and 328 All 0.7 3923 0.0 0.0

gravel

Wil e Al 19 1455 0.1 0.0

parks

Open door — qq Al 0.2 520 0.0 0.0

applications

34 Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK)



Proportion of

Proportion
of income in

fishing fishing
L Coverage Overlap Fish catch ground over- ground
Activity type 4 2) Gear (km?) value (DKK) lappingwith  overlapping
other activi- with other
ties (%) activities
(%)
Compensa-
tion excava- 0.4 All 0.08 39 0.0 0.0
tions

Table 3: Summary of the overlap between gear-specific fishing activities and other anthropogenic
usage or protected area in Danish waters. The overlapping surface area and fish catch values are
presented as raw numbers; the proportion of fishing ground overlapping with areas designated or
used for activities other than fishing and the corresponding income generated in this overlap are

also indicated.

Proportion
Proportion of of income
fishing in fishing
L Coverage Overlap Fish catch ground over- ground

Activity type y m2) Gear (km?) value (DKK) lapping with  overlap-
other activi- ping with
ties (%) other activ-

ities (%)

FRAECRIES g DEGIE 789 1,702,020 96.8 98.8

ural area seine

Protected nat- 5445, Potsand 4 3182 98.4 97.6

ural area traps

FIGEENRES o gas Longline 34 151455 947 84.7

ural area

CO2 storage 18858 Longline 25 134,361 71.0 75.2

FRAECRIES g el 77 974,061 61.2 49.9

ural area trawl

Protected nat- 54 545 Net 713 3194733 257 38.4

ural area

Natural re- Bottom

source extrac- 26,989 26 438,668 20.7 22.5

. trawl

tion

Natural re-

source extrac- 26,989 Net 866 1,537,359 31.3 18.5

tion

CO2 storage 18,858 Net 168 875,820 6.1 10.5

m;ri“e farm- 4815 Net 116 578,458 4.2 6.9

Other projects 1455 Net 150 377,980 5.4 4.5

Raw material 44,9 Net 335 134,281 12.1 16

extraction
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Proportion

Proportion of of income
fishing in fishing
L Coverage Overlap Fish catch ground over- ground

Activity type 2) Gear (km?) value (DKK) lapping with  overlap-
other activi- ping with
ties (%) other activ-

ities (%)

Procurement

areas (wind 16,602 Net 50 105,168 1.8 1.3

farms)

Renewable 4591 Net 51 102,079 18 12

energy

DUMBIEER Net 6.8 28,016 0.2 0.3

eas

Marine farm- 4845 Bottom 0.7 2002 0.6 0.1

ing trawl

Extraction of

sand and 328 Net 0.7 3923 0.0 0.0

gravel

Windmil 465 Net 19 1455 0.1 0.0

parks

Klappning ar- 63 Danish 0.4 120 0.1 0.0

eas seine ’ ’ ’

Open door ap- ;g Net 0.2 520 0.0 0.0

plications

DUGRIYER el 0.02 20 0.0 0.0

eas trawl

Compensation , 44 Net 0.08 39 0.0 0.0

excavations

Natural re- Danish

source extrac- 26989 seine 5.3 0.0 0.6 0.0

tion

We illustrate the notion of overlap presented in Table 2 and Table 3 with Figure 19 and Figure
20, presenting respectively the overlap between the longline fishing ground in NW Denmark and
an area designated for CO2 storage, and the overlap between the fishing grounds of different
gears in northern Jutland and the areas designated for resource extraction.
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Figure 19. Overlap between the area fished with longlines and the area designated for CO2 storage.
Here, 71 % of the longline fishing area (in blue) is taking place in an area designated for CO2 stor-
age (in red).
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Figure 20. Overlap between the area fished with various gears and the area designated for natural

resource extraction. Here, 24.5 % of the fishing areas are taking place in areas designated for natu-
ral resource extraction area.
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3.2 Cobble reef associated biodiversity

3.2.1 Effects of cobble reef restoration

This study reports effects of cobble reef restoration on fish abundance and diversity. We investi-
gated reef restoration effects on the abundance of mobile fauna, including Atlantic cod (Gadus
morhua), herring (Clupeidae sp.), goldsinny wrasse (Ctenolabrus rupestris), two-spotted goby
(Gobiusculus flavescens), and shore crab (Carcinus maenas) as species groups that are poten-
tially reef associated, and flatfish (Pleuronectiformes spp.) as a sand bottom-associated species
group. Data were collected using two different underwater camera systems: (A) UBRUVS and
(B) BRUVS. Data from both camera systems are included in this study and are considered com-
plimentary data sets (Rhodes et al., 2020).

To examine the biological effects of cobble reef restoration, this study applied a comparative ap-
proach that involved sampling before and after reef deployment. Cobble reefs were deployed
during the winter 2017-2018. The comparison included (1) reef restoration sites (RR), (2) natu-
ral cobble reef sites (NR), and (3) control sites of sandy seabed (SC) during A) the 2017 spring
before reef restoration, B) the 2018 spring, and finally C) the 2021 spring, more than three years
after the reef restoration. The comparison of data from 2017 and 2018 has been reported previ-
ously (Svendsen et al., 2022). The comparisons constitute a full before-after-control-impact
(BACI) design with replicates (Wilms et al., 2021; Comte et al., 2023).

3.2.2 Sampling effort

During 2017, 2018 and 2021, we deployed a total of 1220 RUVS across the three sampling pe-
riods, comprised of 627 BRUVS and 593 UBRUVS deployments covering the six different sites
(numbers of samples per site are provided in table 1). This study includes 13,931 sequences
each covering 2 min recording (sequences) using UBRUVS data.

Table 4. Successful BRUV and UBRUVS deployments across the five years sampling period (2017 -
2021). The six sampling sites are listed with their environment (“Treatment”). Cobble reefs were
constructed during the winter 2017-2018, implying that experimental (restoration) sites sampled in
the spring 2017 still consisted of sandy seabed. Two-minute hourly recordings were used as sam-
pling units for UBRUVS, which are included in parentheses. For BRUVS, each deployment counted
as a single sampling unit.

2017 2017 2018 2018 2021 2021 Total
Site Treatment BRUVS UBRUVS BRUVS UBRUVS BRUVS UBRUVS
Hvide Mur Experimental reef 22 27 (632) 54 46 (1117) 46 43 (897)
Kegnaes Ende Control 22 24 (550) 35 30(818) 40 35 (791)
Spar Es Natural reef 24 24 (660) 33 32(733) 38 33 (744)
Stenholt Experimental reef 20 28 (560) 58 42 (1201) 51 46 (978)
Vesterhage Natural reef 23 22 (461) 34 30(738) 35 31(809)
Viemose Control 21 28 (606) 31 31(764) 40 41 (872)
Total deployment BRUVS 132 245 250 627
Total deployment UBRUVS 153 211 229 593
Total sequences UBRUVS 3469 5371 5091 13931

To assess whether cobble reef restoration affects the fish communities, the results were inter-
preted using the BACI framework (Svendsen et al., 2022). Figure 21 shows four different sce-
narios (A-D), each revealing a positive effect of the impact, which in our case is the cobble reef
restoration.

38 Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK)



—

—y

4 B)

=
s
£
b ' ‘ ’ ' ! Control
= Before After Before After
5 ® Impact
E 4+ C) + 4 D)
o I
(%]
< I\+
—
[T |
l
I |
| > ! >
L Y . J 1 Y i Y )
Before After Before After
Figure 21. Four different BACI scenarios where positive impact effects can be detected.
& L

N TES §

Fedfffe £fsscs
,@,g."'«q’“?#@qw‘:‘:’**?ﬁ-&;fﬁéé
SELLLE LT ELSTELSSES

Atlantic cod eruvs @ o O - X O
w9900 000 OO0 00
Atlantic herring BRUVS . . . O
UBRUVS . . . O O .
Goldsinny wrasse BRUVS . . . . .
wivs @@ @ 000000 00
Two-spotted goby BRUVS . . . . . .
vsrwvs @ ® o0 OO0 o0 LEGEND
e S o
Shore crab BRUVS 000 o 000 o wooon = @D
UBRUVS . . O . ooroon + @D @D
[0.01, 0.05] * .
Flatfish BRUVS . . . . . [0.05.01]
wrvs @ @ @ @ OX ] @) [01.1]

Figure 22. Covariate significance in the GLMMs. Temperature had a significant effect in all species
groups. For example: red dot indicates that temperature had a significant negative effect on Atlan-
tic cod abundance according to BRUVS data while the opposite is indicated with a green dot ac-
cording to UBRUVS data. Yellows dots indicate no significant differences. The intercept column
represents the parameter estimate for control sites sampled in year 2017. All other parameter esti-
mates are expressed in relation to the intercept.
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There were some environmental covariates that affected the abundance of species groups. For
the UBRUVS data, temperature had a significant positive effect on all species groups but her-
ring where temperature had a significant negative effect. Macroalgae coverage negatively af-
fected abundances of shore crab and flatfish groups but had positive effect on two-spotted
goby.

For the BRUVS data, macroalgae positively affected the three species groups: Atlantic cod,
goldsinny wrasse and two-spotted goby. Temperature had a significant positive effect in all spe-
cies groups but Atlantic cod and herring where temperature affected abundances negatively.
The impact of temperature was significant for each metric, showing how the change in larger
scale environmental factors may affect the results. Collectively, these data indicate that the en-
vironmental predictors temperature and macroalgae coverage had different significant effects
across all species groups. The effect of temperature and macroalgae was consistent between
UBRUVS and UBRUWS, except for Atlantic cod which had significant opposite effects of tem-
perature, which appeared inconsistent across RUVS.

3.2.3 Abundance of focal species groups across the years

The BACI framework contains several scenarios that can be considered as positive impact ef-
fects (Figure 21). We conducted interaction contrasts (slope comparisons) between Natural
Reef sites (NR), Sandy bottom Control sites (SC) and Reef Restoration sites (RR) in year 2017
and 2021 (Figure 25). Overall, comparing the slopes showed significant positive effect of reef
restoration in three of the six focal species groups. The results showed negative restoration ef-
fects in two species groups. Specifically, these were herring and flatfish, however the results are
not consistent across RUVS.
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Figure 24. The abundance (MaxN) of species groups revealed using BRUVS data.

Atlantic cod: There are highly significant positive restoration effects in 2021, about 3 years after
reef restoration, despite decreases in overall cod abundance. Using the UBRUVS data, there
was a moderate increase in cod abundance at restored reefs (RR), while abundance at sandy
sites (SC) and natural reefs (NR) declined over the years (Figure 23). Reef restoration had sig-
nificant positive effects on abundance of cod as revealed by the BRUVS data. Although the
abundance of cod decreased at restored reef sites (RR), the decrease was less expressed than
the decreasing abundances in sandy sites (SC) and natural reef sites (NR) (Figure 24). There-
fore, both UBRUS and BRUVS data showed significant positive effects of reef restoration in At-
lantic cod (p<0.001). These findings suggest that cod responded positively to the restored cob-
ble reefs and that the overall decrease in cod abundance was unrelated to the reef restoration.
Instead, the decrease in abundance in the area was caused by larger scale factors, partly coun-
tered locally by the cobble reef restoration.

Herring: While there was no reef restoration effect in 2018, there was a significant decrease in
abundance of herring at restoration reef sites (RR) in 2021, which was not seen in natural reef
sites (NR) and sandy sites (SC) revealed by the UBRUVS data (Figure 23). However, herring
showed no significant effects in abundance interaction contrasts by the BRUVS data (Figure
24). Thus, herring response to the reef restoration was inconsistent between RUVS types
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(UBRUVS and BRUVS). BRUVS did not report any significant response while UBRUVS re-
vealed a significant negative restoration response (Figure 25). Therefore, data provide no indi-
cation that herring is utilizing the macroalgae on the restored reefs for spawning within the sam-
pling period.

Wrasse: goldsinny wrasse exhibited the strongest increases following the reef restoration, with
highly significant positive effects in 2021, as revealed by the UBRUVS data (Figure 23). In addi-
tion, BRUVS data revealed that reef restoration had significant positive effects on wrasse (Fig-
ure 24). While there was a moderate decrease in sandy sites, there was a dramatic increase in
abundance of wrasse in restored reef sites in both RUVS. Thus, statistical evidence revealed
positive effects after reef restoration on abundance of goldsinny wrasse, as indicated by both
UBRUVS data (p<0.001) and BRUVS data (p<0.01) (Figure 25).

Two-spotted goby: the abundance of two-spotted goby according to UBRUVS data followed an
increasing trend in restored sites that peaked in 2018 (Figure 23). This increasing trend was
also exhibited in BRUVS data in both restored reef site and sandy site (Figure 24). The abun-
dance of two-spotted goby at sandy sites were constant across the years in UBRUVS while a
moderate increase in abundance was observed in natural reef site (Figure 23 and Figure 24).
Overall, from 2017 to 2021 there was a significant positive effect of the restoration on the abun-
dance of two-spotted goby in UBRUVS and BRUVS data (p < 0.01) but no effect in abundance
in sandy site in BRUVS data (Figure 25).

Shore crab: shore crab abundance on reef restoration sides appeared unaffected by the reef
restoration across the years according to the UBRUVS data whereas an increase was observed
in sandy sites and natural reef sites (Figure 23). According to the BRUVS data, there was a dra-
matic decrease in abundance of shore crab in sandy site which were less expressed in both
natural and restored reef sites (Figure 24). Thus, there was a significant positive effect of reef
restoration on abundance of shore crab in sandy sites according to the BRUVS data, while
there were changes but not significant reef restoration effect detected in shore crab abundance
according to the UBRUVS data (Figure 25).

Flatfish: UBRUVS reported a moderate increasing trend in flatfish abundance at restored sites.
However, no significant differences in abundances were detected across treatments from 2017
to 2021 (Figure 23). While the flatfish abundances were similar in both sandy sites and natural
reef sites according to the BRUVS data, there was a dramatic decrease in flatfish abundance at
restored reef sites in 2021 (Figure 24). Thus, flatfish abundance showed significant negative ef-
fects of reef restoration according to the BRUVS data and no effect according to the UBRUVS
data (Figure 25). The response of flatfish to the reef restoration appeared inconsistent across
RUVS. BRUVS reported significant negative restoration effects while UBRUVS reported non-
significant effect in 2021 (Figure 25).

Summarizing the abundance data using the BACI study design, our study suggests positive res-
toration effects in three of the six focal species groups. Specifically, the species groups re-
sponding positively to reef restoration were Atlantic cod, goldsinny wrasse, and two-spotted
goby. Results showed two negative restoration effects in herring and flatfish; however, the re-
sults were inconsistent across RUVS.
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Figure 25. Interaction contrasts ratios of Reef Restoration sites (RR), Natural Reef sites (NR) and
Sandy bottom Control sites (SC) during year 2017 and 2021. The focal species groups abundances
revealed by colour ramp being green or red depending on the ratio value. For example, dark green
indicates a positive restoration effect on the abundance of the species groups (p < 0.001).

44

Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK)



4. Discussion

The present KORTFISK project mapped local coastal fisheries and documented cobble reef as-
sociated fish abundance. These project tasks were completed to support commercial fishing in
coastal areas by enabling future 1) protection of important fishing areas, and 2) commercial ex-
ploitation of the effects of healthy marine habitats. Local coastal fisheries mapping was suc-
cessfully implemented using electronic monitoring systems and by engaging volunteering com-
mercial fishers combined with existing data on A) other activities in marine environments and B)
fisheries landings. The KORTFISK project covered relatively small fishing vessels (mostly < 12
m), because these vessels are not subjected to common types of fisheries surveillance and
documentation (like the VMS data). The project provided a mapping method, and mapping data,
developed as a collaboration between DTU scientists, fisheries organizations, and individual
commercial fishers, participating voluntarily in the KORTFISK project. The mapping, and the re-
sulting knowledge of the geographical extent of the local coastal fisheries, are expected to be
used in the future for A) preventing areal conflicts, and B) mitigating areal conflicts that arise
over time. Note that the mapping is considered local and may not represent similar fisheries
across Denmark. Most of the fishers involved in the KORTFISK project has continued using the
electronic monitoring systems. The fishers thereby continue to provide input data for future
mapping of coastal fisheries. The fact that the fishers continue to collect data for fisheries map-
ping highlight the good collaboration between DTU Aqua scientists, fisheries organizations, and
commercial individual fishers that was developed during the KORTFISK project.

As part of the KORTFISK project, cobble reef associated marine life was documented in the
Sgnderborg Bay in southwestern Denmark. Cobble reefs deployed in the winter 2017-2018
were surveyed before reef deployments (2017) and twice after reef deployment (2018 and
2021). Surveys were carried out using two different methods based on underwater cameras.
Results showed that the restored cobble reefs often host increased abundances of key fish spe-
cies like Atlantic cod, with great commercial interest. Other reef associated species showed the
same pattern, however, Atlantic herring did not respond as expected to the cobble reef restora-
tion. It was expected that the Atlantic herring would use the cobble reefs as spawning areas. It
is well known that Atlantic herring has eggs that attach to solid surfaces like gravel, rocks and
various types of vegetation (e.g., macro algae, growing on rocks). However, the KORTFISK
data did not reveal a positive effect of the cobble reef restoration in terms of Atlantic herring.
Disregarding Atlantic herring, the present reef study shows 1) that it is possible to restore cob-
ble reefs, and 2) that associated fauna (e.g. Atlantic cod) quickly starts living in the reef habitats.
Given that commercially exploited species were observed in the new reef habitats, future pro-
tection and restoration of cobble reef habitats are likely to benefit local commercial fisheries tar-
geting reef associated species.

4.1 Mapping of coastal fisheries in relation to other industrial activities

One of the KORFISK project goals was to identify areas of potential conflicts in Danish waters
between commercial fishing and other anthropogenic and/or industrial activities at sea. This
task was done by i) tracking individual fishing vessels over an extended period of >1.5 year, ii)
mapping the areas used for other activities than fishing, and iii) identifying the overlapping areas
between fishing and non-fishing activities.
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In the early stages of the KORTFISK project, we engaged with fishers and started ongoing col-
laboration, using the support of fisheries organisations representatives. Volunteering fishers ac-
cepted to equip their vessels with a tracking system (or EM system) that provided data series of
spatial points reporting the position of their vessel every 10 seconds. The resulting highly re-
solved positional data set was augmented with information on the exact fishing locations of
these vessels obtained from gear sensors or from post-hoc analyses. These detailed data on
fishing effort from multiple gears, and in several major Danish fishing grounds, allowed for a de-
tailed analysis of the fishing patterns of the participating fishers. Such collaboration is a prime
illustration of the benefits, resulting from a fruitful collaboration between fishers, fisheries organi-
sations, and fisheries researchers (i.e., DTU Aqua). The fruitful collaboration was achieved via
mutual provision of information, transparency, and understanding the objectives of all involved
partners.

The highly resolved spatial data helped coupling exact fishing locations with information from
fishers’ logbooks and sales notes. Using a coupled dataset containing both fishing gear, fishing
locations, and catch information from the landings (specifically, the price obtained for the landed
fish at auction), we were able to estimate the value (in Danish Kroner) that the fishing areas
generates. In other words, we could analyse fishing areas in terms of income for the fishers.
Core fishing areas were defined as the most valuable areas for the fishers we collaborated with,
which we chose to characterise as the fishing areas from which more than 90% of their income
originated. These core areas were mapped for each fishing gear using our data. Based on this,
we estimated the areal overlap between the identified core fishing areas and the areas used for
other anthropogenic and industrial activities at sea — assuming that some of these activities
could be detrimental to fishing. This exercise highlighted the areas of conflicts between fishing
and non-fishing activities and provides a blueprint for fishers or their organisation’s representa-
tives to claim that some parts of the Danish EEZ are essential fishing grounds that should not
be allocated to other activities detrimental to fishing.

Furthermore, having a compiled data layer with all the major current and future use of the Dan-
ish waters constitutes an important tool that may be of interest to others outside the KORTFISK
project, from impact assessment scientists to marine resources managers. Here, the overlap-
ping of core fishing areas with other marine spatial activities was used to highlight how possible
conflicts of interest can be identified and evaluated in terms of impact on the fishing economy.
When specific numbers can be provided — for example considering that natural resource extrac-
tion (e.g., gravel extraction) could take up to 24.5 percent of the core fishing grounds identified
in this project — it becomes easier to discuss the possibilities to minimise or offset potential eco-
nomic losses for each of the stakeholders involved in such conflicts. By providing substance to
where the Danish commercial fishers make their livelihood, the KORTFISK project gives them a
great benefit in putting an actual claim to the areas they exploit commercially. This is something
that is becoming more important to the fishing industry as other economic actors tend to make
such claims for their own benefit. This is also essential as, currently, the maritime spatial plan
from the Danish authorities (Havplan, www.havplan.dk) does not explicitly account for the fish-
ing areas already exploited by Danish fishers. The type of calculations done here could be ap-
plied to larger sections of the Danish fishing fleet to obtain a better picture of the conflicting ar-
eas between the different economic activities taking place at sea. Being able to quantify the
conflict of interests might also give way to looking into which activities are in direct conflict with
Danish commercial fisheries and which might be able to coexist, if e.g., seasonal variations in
the fishery allowed for the use of the same area for different users at different times of the year.
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Of course, for this to be possible, the type of highly spatially resolved data with pointers to
where fishing occurs needs to be more widely available, and the findings shown here should
therefore incentivise managers and decision makers to make these data available by encourag-
ing fishers to share positional data. It is also shown in this study that researchers having in-
depth knowledge of where fishing is taking place are not a conflict of interest to the fishers, but
that it could be used to aid the fishers in protecting their source of income and without revealing
personal information that can be used by the public.

4.2 Cobble reef associated fish abundance and implications for coastal
fisheries

Data from this reef study indicate A) the species groups responding positively to reef restoration
were Atlantic cod, goldsinny wrasse, and two-spotted goby, and B) two possible negative resto-
ration effects in terms of Atlantic herring and flatfish. However, the Atlantic herring and flatfish
results were inconsistent across data collection methods (UBRUVS and BRUVS), showing that
possible reef effects for Atlantic herring and flatfish remain uncertain. Collectively, these new
data suggest that fish abundance indeed is affected by cobble reef restoration. Specifically, At-
lantic cod, and other reef associated species, responded positively to the restored cobble reefs.
Project data revealed positive reef restoration effects despite Atlantic cod being in a general de-
cline in the marine area (Western Baltic Sea), highlighting the strengths of the applied method-
ology for data collection and study design. Contrary to expectations, Atlantic herring abundance
did not respond positively to cobble reef restoration. This demonstrates that restoration efforts
may not always produce the expected results and highlight needs for a better understanding of
restoration methods and results. Future studies will likely reveal how Atlantic herring spawning
habitats can be restored. Successful restoration of Atlantic herring spawning habitats may help
securing sustainable fish abundances in the Western Baltic Sea and elsewhere.

It was hypothesized that the restored reefs could be used as spawning areas, especially for At-
lantic herring, which have benthic eggs that attach to solid surfaces, including rock surfaces and
surfaces of macro algae growing on the rocks. The presence of spawning herring is important,
because the fish are likely to attract several other fish species, which would eat the herring eggs
or target the adult herring utilizing the new habitat for spawning. We did not however find any
increase in abundance in herring three years after restoration thus, herring was not attracted to
the restored reefs as expected. Rather, we found possible negative restoration effects for her-
ring, and similar results for the flatfish group. Importantly, the results for Atlantic herring and flat-
fish were inconsistent across RUVS methods (Figure 25). We found a significant negative resto-
ration effect on herring abundance using the UBRUVS data, but no effect using the BRUVS
data. Previous studies report herring utilizing solid substrates for spawning e.g., Aneer et al.
(1983) but we did not observe herring spawning activity at any of the three habitat types (1) nat-
ural cobble reefs, 2) restored cobble reefs and 3) control areas covered by a seabed with sand.
Several factors may explain the absent effect of reef restoration for herring spawning including
1) Western Baltic spawning herring stock being depleted (Polte et al., 2021), 2) herring prefer-
ence for specific vegetation for spawning and egg deposition, 3) herring preference for suitable
spawning substrate at a water depth different from 6-7 m (where the cobble reefs were de-
ployed), 4) strong site fidelity of herring spawning across generations, and 5) nocturnal herring
spawning undetected by our underwater cameras providing daytime footage only.
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The flatfish species group tested in the present study is not considered reef associated. Instead,
the flatfish species group represents a sand bottom-associated species group. Flatfish are am-
bush predators, predominantly found on featureless sandy bottoms, where they feed on poly-
chaetes and small crustaceans (Shucksmith et al., 2006). According to the BRUVS data, the
flatfish species group showed an abundance decrease following reef restoration. The fact that
we found a negative effect of reef restoration on flatfish (according to the BRUVS data only)
may be expected, however, indirectly reef restoration could affect flatfish abundance positively if
food resources for flatfish (e.g., benthic invertebrates) are exported over time from the reefs into
surrounding sand areas nearby. With a rich invertebrate community developed in the reef areas,
the flatfish might benefit from the presence of the cobble reefs, potentially compensating for the
decrease in soft bottom habitat caused by the cobble reefs (Wilms et al., 2021). To test this hy-
pothesis, fully colonized and developed reef structures are required, calling for a re-examination
of the restored cobble reefs at least 10 years after reef deployment (i.e., from 2027 and on-
wards).

Three out of six species groups responded positively, in a statistically significant fashion, to cob-
ble reef restoration as recorded independently by the two sampling methods BRUVS and UB-
RUVS. The positively responding species are Atlantic cod, goldsinny wrasse, and two-spotted
goby, thus species groups that are potentially reef associated.

The cobble reef restoration had a positive effect on the Atlantic cod abundance, even though we
reported a decrease in the restored reef sites. The decrease in cod abundance in the restored
cobble reef sites was less expressed compared to the decrease in natural reef sites and sandy
sites. Because there was a general decrease in cod abundance (across sites), this indicate that
the decrease was unrelated to the cobble reef restoration. Previous studies investigating demer-
sal habitat use of Atlantic cod have found similar results. Studies show that juvenile cod utilize
boulder reefs for shelter (Stattrup et al., 2017, 2019) and nursery grounds in heavily fished ar-
eas of the Baltic Sea (Beisiegel et al., 2019). Other studies show juvenile cod exhibiting feeding
behaviour on sand patches during the day, while resting nocturnally within rocky reefs (Clark
and Green, 1990). We were only recording during daylight as no light source was used for the
underwater cameras. Other studies likewise reported an increase in cod abundance after boul-
der reef deployment (Stettrup et al., 2014; Kristensen et al., 2017). These studies are highlight-
ing the importance of reefs, even if juvenile cod are not always observed on reefs during the
daytime. Our results corroborate these findings, although we used smaller rocks (cobble) than
previous studies. We highlight the importance of actively restoring degraded cobble reefs for the
conservation of relatively slow growing, yet highly exploited Western Baltic cod (McQueen et al.,
2019). Atlantic cod abundance is severely depleted (ICES, 2023), partly due to overfishing, un-
sustainable management of fisheries, and bottom trawling (Receveur et al., 2022) causing phys-
ical damage to the seabed and the cod habitat. These factors have played important roles for
the collapsing fisheries for Atlantic cod in the Baltic Sea and elsewhere. Based on our quantita-
tive data covering several years, our analyses suggest that the deployed cobble reefs are sup-
porting local Atlantic cod abundance through the provision of habitat. Our research shows that
historic and ongoing cobble reef extractions likely have negative implications for Atlantic cod in
local areas.

Both sampling methods (UBRUVS and BRUVS data) identified strong positive restoration ef-
fects on goldsinny wrasse and two-spotted goby. Goldsinny wrasses is a small sedentary reef
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fish with limited home range (Villegas-Rios et al., 2013) indicating these species are likely bene-
ficiaries of reef units deployed in the present study. Wrasses are prey species for large preda-
tors such as Atlantic cod (Enoksen and Reiss, 2018).

Two-spotted goby showed significant positive changes caused by the reef restoration. Previous
studies also identified the two-spotted goby as a prominent species on reefs (Herbert et al.,
2017; Perry, Staveley and Gullstrém, 2018) and males are known to utilize hard substrates for
nesting (Utne-Palm et al., 2015). The increased abundance of goldsinny wrasse, and to some
degree two-spotted goby, indicate suitable habitat availability for these important reef fishes and
potentially elevated food levels for higher trophic species such as Atlantic cod.

The changes in shore crab abundances as an effect of reef restoration, using both methods
(UBRUVS and BRUVS) were only significant according to the BRUVS data. While there were
no or slightly negative effect according to the UBRUVS data, there was a statistically significant
positive reef restoration effect according to the BRUVS data. This suggest that restored cobble
reefs may attract shore crab, but the findings remain uncertain because a positive reef effect
was only revealed by the BRUVS data. If cobble reef restoration attracts shore crab, the more
abundant shore crabs will provide a food resource for Atlantic cod utilizing the cobble reefs as a
favourable habitat.

In this study, remote underwater video systems (RUVS) were used to quantify fish abundance
in relation to cobble reef restoration. RUVS can be limited by poor water visibility and may chal-
lenge observations of cryptic fish species, particularly in complex habitats (Watson et al., 2005;
Hannah and Blume, 2012). However, RUVS have a significant advantage because of the mini-
mal impact on benthic habitats. RUVS are non-extractive and less damaging to complex sea-
floors, compared to many netting and trawling methods (Willis and Babcock, 2000; Morrison
and Carbines, 2006; Ebner and Morgan, 2013). Moreover, unlike static netting and trawling
methods, RUVS do not harm or kill any fish as a result of the sampling.

BRUVS are considered an effective way to study species abundance because the bait often at-
tracts fish to the camera field of view (FOV), thus allowing for accurate counts and identification
(Watson et al., 2005; Hardinge et al., 2013). The overall attraction means that BRUVS generally
sample more fish, which may reduce the variance of species abundance per habitat, and may
increase statistical power (Harvey et al., 2007).

UBRUVS offer an alternative underwater video method which may produce more robust spe-
cies-habitat relationships and provide more accurate representations of the fish population be-
cause there is no bait plume (Harvey et al., 2007; Hannah and Blume, 2012). However, fewer
studies use UBRUVS, mainly because the UBRUVS rely solely on fish passing the FOV by
chance. Consequently, species abundances recorded by UBRUVS are often lower than those
sampled by BRUVS (Watson et al., 2005; Hardinge et al., 2013).

This study brings new insights on the effects of cobble reef restoration in temperate latitudes
through the use of non-extractive, low-impact sampling tools like BRUVS and UBRUVS. Find-
ings of this study provide new evidence of how habitat restoration can increase fish abundances
through the deployment of cobble reefs. The results of this study highlight the importance of
cobble reefs in providing essential habitat for a variety of marine species such as Atlantic cod,
goldsinny wrasse, and two-spotted goby. Such species are of direct or indirect importance for
fishing, suggesting that local fisheries targeting reef associated species, like Atlantic cod, likely
will benefit from cobble reef conservation and restoration. Cobble reef protection and restoration
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efforts are warranted. Further studies determining the value of habitats in terms of income for
the fishers are needed. This could be achieved using a combination of electronic monitoring of
vessels, as done successfully by the KORTFISK project, detailed habitat mapping, and monitor-
ing of associated fish abundance and diversity.

4.3 Project conclusions

The KORTFISK project collaborated with commercial fishing organizations (DFPO and FSKPO)
to initiate volunteer installation of electronic monitoring system on smaller fishing vessels to map
and document coastal fishing areas in Denmark. By collaborating closely with individual com-
mercial fishermen, and their professional organizations, the KORTFISK project successfully in-
stalled electronic monitoring systems and monitored the fishing vessels across several years of
fishing. Collaboration with fishers and organizations went well. This unique monitoring revealed
important overlaps between fishing areas and areas used for other purposes. This highlights the
increasing interests in using the sea for many purposes and may result in suppression of fishing
activities. Fishing may be restricted by other industries, and governmental objectives, to a de-
gree where fishing is no longer profitable. The KORTFISK project provides a tool to handle the
arising problem by showing how fishing can be voluntarily monitored and mapped and thereby
documented. By having documentation for cases of conflicting marine interests, the issues are
clearer, and policy makers may act accordingly. The KORTFISK monitoring of the fishing activi-
ties is largely continuing after the KORTFISK project ended, evidencing the good collaboration
and trust developed between DTU scientists, commercial fishers, and their professional organi-
sations during the KORTFISK project.

The KORTFISK project also surveyed fish abundance and diversity associated with cobble
reefs installed in the Sgnderborg Bay in the Western Baltic Sea. The surveying was accom-
plished to document the importance of cobble reefs for fish and fisheries. This is particularly im-
portant because cobble has been extracted for decades in Danish waters, and cobble is still be-
ing extracted from the Danish seabed in dedicated areas, together with other seabed materials
(e.g., sand and gravel). The cobble extraction from the seabed may translate into degraded en-
vironmental conditions and lost habitats that support important fish abundance and fisheries.
Therefore, it is important that we know the importance of cobble reefs for fish and fisheries. The
KORTFISK project shows that marine species — such as Atlantic cod — are responding to cobble
reefs as a habitat. Specifically, other reef associated species like goldsinny wrasse and two-
spotted goby also responded to cobble reefs as a habitat. The reef associated species were sig-
nificantly more abundant at the cobble reefs, as revealed by the monitoring completed by the
KORTFISK project. This shows that cobble reefs are an attractive habitat, used by important
Danish reef species. Cobble reef extraction is likely detrimental to the abundance of these reef
associated species. Therefore, Atlantic cod may exhibit local abundance declines when cobble
reefs are extracted, and abundance increases when cobble reefs are installed. This is important
information for commercial fishers. The KORTFISK project hypothesised that Atlantic herring
would respond positively to the installed cobble reefs. Specifically, the KORTFISK project ex-
pected Atlantic herring to use the cobble reefs for spawning. The fish would deposit their eggs
on the rocks, and the associated vegetation, however, the KORTFISK project found no support
for the hypothesis. The KORTFISK project observed no increase in the abundances of Atlantic
herring near the cobble reefs. In summary, the cobble reefs clearly function as habitats for reef
associated species like Atlantic cod with important implications for fishing in local areas.

50 Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK)



References

Airoldi, L., Balata, D. and Beck, M.W. (2008) ‘The Gray Zone: Relationships between habitat
loss and marine diversity and their applications in conservation’, Journal of Experimental Marine
Biology and Ecology, 366(1-2), pp. 8—15. Available at:
https://doi.org/10.1016/j.jembe.2008.07.034.

Aneer, G. et al. (1983) ‘In-situ observations of Baltic herring (Clupea harengus membras)
spawning behaviour in the Aské-Landsort area, northern Baltic proper’, Marine Biology, 74(2),
pp. 105-110. Available at: https://doi.org/10.1007/BF00413912.

Beisiegel, K. et al. (2019) ‘The potential exceptional role of a small Baltic boulder reef as a soli-
tary habitat in a sea of mud’, Aquatic Conservation: Marine and Freshwater Ecosystems, 29(2),
pp. 321-328. Available at: https://doi.org/10.1002/aqc.2994.

Bergstrom, L., Sundqvist, F. and Bergstrém, U. (2013) ‘Effects of an offshore wind farm on tem-
poral and spatial patterns in the demersal fish community’, Marine Ecology Progress Series,
485, pp. 199-210. Available at: https://doi.org/10.3354/meps10344.

Brown, E.J. et al. (2018) ‘Conflicts in the coastal zone: human impacts on commercially im-
portant fish species utilizing coastal habitat’, ICES Journal of Marine Science. Edited by E. An-
derson, 75(4), pp. 1203—1213. Available at: https://doi.org/10.1093/icesjms/fsx237.

Campmans, G.H.P. et al. (2021) ‘Modeling tidal sand wave recovery after dredging: effect of dif-
ferent types of dredging strategies’, Coastal Engineering, 165, p. 103862. Available at:
https://doi.org/10.1016/j.coastaleng.2021.103862.

Cappo, M., Speare, P. and De’ath, G. (2004) ‘Comparison of baited remote underwater video
stations (BRUVS) and prawn (shrimp) trawls for assessments of fish biodiversity in inter-reefal
areas of the Great Barrier Reef Marine Park’, Journal of Experimental Marine Biology and Ecol-
ogy, 302(2), pp- 123—-152. Available at: https://doi.org/10.1016/j.jembe.2003.10.006.

Christoffersen, M. et al. (2018) ‘Benthic habitat selection in juvenile European eel ANGUILLA AN-
GUILLA : implications for coastal habitat management and restoration’, Journal of Fish Biology,
93(5), pp- 996-999. Available at: https://doi.org/10.1111/jfb.13807.

Clark, D.S. and Green, J.M. (1990) ‘Activity and movement patterns of juvenile Atlantic cod, Ga-
dus morhua , in Conception Bay, Newfoundland, as determined by sonic telemetry’, Canadian
Journal of Zoology, 68(7), pp. 1434—1442. Available at: https://doi.org/10.1139/z90-214.

Comte, S. et al. (2023) ‘A Before-After Control-Impact experiment reveals that culling reduces
the impacts of invasive deer on endangered peatlands’, Journal of Applied Ecology, 60(11), pp.
2340-2350. Available at: https://doi.org/10.1111/1365-2664.14498.

Dafforn, K.A. et al. (2015) ‘Marine urbanization: an ecological framework for designing multi-

functional artificial structures’, Frontiers in Ecology and the Environment, 13(2), pp. 82—90.
Available at: https://doi.org/10.1890/140050.

Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK) 51



Duarte, C.M. et al. (2020) ‘Rebuilding marine life’, Nature, 580(7801), pp. 39-51. Available at:
https://doi.org/10.1038/s41586-020-2146-7.

Ebner, B.C. and Morgan, D.L. (2013) ‘Using remote underwater video to estimate freshwater
fish species richness’, Journal of Fish Biology, 82(5), pp. 1592-1612. Available at:
https://doi.org/10.1111/jfb.12096.

Elliott, M. et al. (2016) ‘Ecoengineering with Ecohydrology: Successes and failures in estuarine
restoration’, Estuarine, Coastal and Shelf Science, 176, pp. 12—35. Available at:
https://doi.org/10.1016/j.ecss.2016.04.003.

Enoksen, S.E. and Reiss, H. (2018) ‘Diet of Norwegian coastal cod (Gadus morhua) studied by
using citizen science’, Journal of Marine Systems, 180, pp. 246-254. Available at:
https://doi.org/10.1016/j.jmarsys.2017.06.006.

Erftemeijer, P.L.A. and Robin Lewis, R.R. (2006) ‘Environmental impacts of dredging on
seagrasses: A review’, Marine Pollution Bulletin, 52(12), pp. 1553—-1572. Available at:
https://doi.org/10.1016/j.marpolbul.2006.09.006.

Erhvervsministeriet (2020) Bekendtgarelse af lov om maritim fysisk planleegning. Available at:
https://www.retsinformation.dk/eli/lta/2020/400 (Accessed: 15 June 2023).

EU (2014) Directive 2014/89/EU of the European Parliament and of the Council of 23 July 2014
establishing a framework for maritime spatial planning, OJ L.
Available at: http://data.europa.eu/eli/dir/2014/89/oj/eng (Accessed: 15 June 2023).

Flavio, H. et al. (2023) ‘Hard-bottom habitats support commercially important fish species: a
systematic review for the North Atlantic Ocean and Baltic Sea’, PeerdJ, 11, p. €14681. Available
at: https://doi.org/10.7717/peerj.14681.

Folpp, H.R. et al. (2020) ‘Atrtificial reefs increase fish abundance in habitat-limited estuaries’,
Journal of Applied Ecology, 57(9), pp. 1752—-1761. Available at: https://doi.org/10.1111/1365-
2664.13666.

Frost, M. and Diele, K. (2022) ‘Essential spawning grounds of Scottish herring: current
knowledge and future challenges’, Reviews in Fish Biology and Fisheries, 32(3), pp. 721-744.
Available at: https://doi.org/10.1007/s11160-022-09703-0.

Gernez, M. et al. (2023) ‘Potential impacts of the restoration of coastal and estuarine nurseries
on the stock dynamics of fisheries species’, Estuarine, Coastal and Shelf Science, 295, p.
108557. Available at: https://doi.org/10.1016/j.ecss.2023.108557.

Gilman, E., Kaiser, M.J. and Chaloupka, M. (2019) ‘Do static and dynamic marine protected ar-
eas that restrict pelagic fishing achieve ecological objectives?’, Ecosphere, 10(12), p. €02968.
Available at: https://doi.org/10.1002/ecs2.2968.

52 Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK)



Glarou, M., Zrust, M. and Svendsen, J.C. (2020) ‘Using Artificial-Reef Knowledge to Enhance
the Ecological Function of Offshore Wind Turbine Foundations: Implications for Fish Abundance
and Diversity’, Journal of Marine Science and Engineering, 8(5), p. 332. Available at:
https://doi.org/10.3390/jmse8050332.

Gotceitas, V., Fraser, S. and Brown, J.A. (1995) ‘Habitat use by juvenile Atlantic cod (Gadus
morhua) in the presence of an actively foraging and non-foraging predator’, Marine Biology,
123(3), pp. 421-430. Available at: https://doi.org/10.1007/BF00349220.

Gusatu et al. (2020) ‘A Spatial Analysis of the Potentials for Offshore Wind Farm Locations in
the North Sea Region: Challenges and Opportunities’, ISPRS International Journal of Geo-Infor-
mation, 9(2), p. 96. Available at: https://doi.org/10.3390/ijgi9020096.

Hahsler, M., Piekenbrock, M. and Doran, D. (2019) ‘dbscan : Fast Density-Based Clustering
with R’, Journal of Statistical Software, 91(1). Available at: https://doi.org/10.18637/jss.v091.i01.

Halpern, B.S. et al. (2008) ‘A Global Map of Human Impact on Marine Ecosystems’, Science,
319(5865), pp. 948—-952. Available at: https://doi.org/10.1126/science.1149345.

Halpern, B.S. et al. (2019) ‘Recent pace of change in human impact on the world’s ocean’, Sci-
entific Reports, 9(1), p. 11609. Available at: https://doi.org/10.1038/s41598-019-47201-9.

Hannah, R.W. and Blume, M.T.O. (2012) ‘Tests of an experimental unbaited video lander as a
marine fish survey tool for high-relief deepwater rocky reefs’, Journal of Experimental Marine Bi-
ology and Ecology, 430—-431, pp. 1-9. Available at: https://doi.org/10.1016/j.jembe.2012.06.021.

Hardinge, J. et al. (2013) ‘A little bait goes a long way: The influence of bait quantity on a tem-
perate fish assemblage sampled using stereo-BRUVs’, Journal of Experimental Marine Biology
and Ecology, 449, pp. 250-260. Available at: https://doi.org/10.1016/j.jembe.2013.09.018.

Harvey, E. et al. (2007) ‘Bait attraction affects the performance of remote underwater video sta-
tions in assessment of demersal fish community structure’, Marine Ecology Progress Series,
350, pp. 245-254. Available at: https://doi.org/10.3354/meps07192.

Herbert, R.J.H. et al. (2017) ‘Epibenthic and mobile species colonisation of a geotextile artificial
surf reef on the south coast of England’, PLOS ONE. Edited by M. (Gee) G. Chapman, 12(9), p.
€0184100. Available at: https://doi.org/10.1371/journal.pone.0184100.

ICES (2019) Working Group on Technology Integration for Fishery-Dependent Data (WGTIFD).
1:46. ICES, p. 28. Available at: http://doi.org/10.17895/ices.pub.5543.

ICES (2022) Workshop on Geo-Spatial Data for Small-Scale Fisheries (WKSSFGEQ). ICES
Scientific Reports 4:10. ICES, p. 60. Available at: https://doi.org/10.17895/ices.pub.10032 (Ac-
cessed: 14 February 2022).

ICES (2023) ‘ICES Advice 2023’. Available at:
https://doi.org/10.17895/ICES.PUB.C.6398177.V73.

Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK) 53



Jakobsen, H.H. et al. (2021) GAP-ANALYSE: Fremskrivning af menneskelige aktiviteter og
presfaktorer. 201. Aarhus Universitet, DCE — Nationalt Center for Miljg og Energi ©.

Jenkins, G.P. and Wheatley, M.J. (1998) ‘The influence of habitat structure on nearshore fish
assemblages in a southern Australian embayment: comparison of shallow seagrass, reef-algal
and unvegetated sand habitats, with emphasis on their importance to recruitment’, Journal of
Experimental Marine Biology and Ecology, 221(2), pp. 147-172.

Kain, M.P., Bolker, B.M. and McCoy, M.W. (2015) ‘A practical guide and power analysis for
GLMMs: detecting among treatment variation in random effects’, PeerdJ, 3, p. €1226. Available
at: https://doi.org/10/gf73ph.

Korpinen, S. et al. (2012) ‘Human pressures and their potential impact on the Baltic Sea eco-
system’, Ecological Indicators, 15(1), pp. 105—-114. Available at:
https://doi.org/10.1016/j.ecolind.2011.09.023.

Kovalenko, K.E., Thomaz, S.M. and Warfe, D.M. (2012) ‘Habitat complexity: approaches and
future directions’, Hydrobiologia, 685(1), pp. 1-17. Available at: https://doi.org/10.1007/s10750-
011-0974-z.

Krabbendam, J.M. et al. (2022) ‘Do tidal sand waves always regenerate after dredging?’, Ma-
rine Geology, 451, p. 106866. Available at: https://doi.org/10.1016/j.margeo.2022.106866.

Kristensen, L.D. et al. (2017) ‘Behavioural changes of Atlantic cod ( Gadus morhua ) after ma-
rine boulder reef restoration: Implications for coastal habitat management and Natura 2000 ar-
eas’, Fisheries Management and Ecology, 24(5), pp. 353—360. Available at:
https://doi.org/10.1111/fme.12235.

Langlois, T. et al. (2018) ‘Marine sampling field manual for benthic stereo BRUVS (Baited Re-
mote Underwater Videos), in R. Przeslawski and S. Foster (eds) Field Manuals for Marine Sam-
pling to Monitor Australian Waters. (National Environmental Science Programme (NESP)), pp.
82-104. Available at: https://www.nespmarine.edu.au/sites/default/files/ PUBLIC_/FieldMa-
nuals_ NESPMarineHub_Chapter5 BRUV_v1.pdf.

Lefcheck, J.S. et al. (2019) ‘Are coastal habitats important nurseries? A meta-analysis’, Conser-
vation Letters, 12(4), p. €12645. Available at: https://doi.org/10.1111/conl.12645.

Lester, S.E. et al. (2018) ‘Marine spatial planning makes room for offshore aquaculture in
crowded coastal waters’, Nature Communications, 9(1), p. 945. Available at:
https://doi.org/10.1038/s41467-018-03249-1.

Lin, Q. and Yu, S. (2018) ‘Losses of natural coastal wetlands by land conversion and ecological

degradation in the urbanizing Chinese coast’, Scientific Reports, 8(1), p. 15046. Available at:
https://doi.org/10.1038/s41598-018-33406-x.

54 Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK)



Maravelias, C., Reid, D. and Swartzman, G. (2000) ‘Seabed substrate, water depth and zoo-
plankton as determinants of the prespawning spatial aggregation of North Atlantic herring’, Ma-
rine Ecology Progress Series, 195, pp. 249-259. Available at:
https://doi.org/10.3354/meps195249.

McQueen, K. et al. (2019) ‘Growth of cod (Gadus morhua) in the western Baltic Sea: estimating
improved growth parameters from tag—recapture data’, Canadian Journal of Fisheries and
Aquatic Sciences, 76(8), pp. 1326—1337. Available at: https://doi.org/10.1139/cjfas-2018-0081.

Mendo, T. et al. (2019) ‘Identifying fishing grounds from vessel tracks: model-based inference
for small scale fisheries’, Royal Society Open Science, 6(10), p. 191161. Available at:
https://doi.org/10.1098/rs0s.191161.

Mendo, T. et al. (2023) ‘A workflow for standardising the analysis of highly resolved vessel
tracking data’, ICES Journal of Marine Science [Preprint].

Morrison, M. and Carbines, G. (2006) ‘Estimating the abundance and size structure of an estua-
rine population of the sparid Pagrus auratus, using a towed camera during nocturnal periods of
inactivity, and comparisons with conventional sampling techniques’, Fisheries Research, 82(1),
pp. 150-161. Available at: https://doi.org/10.1016/].fishres.2006.06.024.

Mousavi, S.H., Kavianpour, M.R. and Alcaraz, J.L.G. (2023) ‘The impacts of dumping sites on
the marine environment: a system dynamics approach’, Applied Water Science, 13(5), p. 109.
Available at: https://doi.org/10.1007/s13201-023-01910-9.

O’Hara, C.C., Frazier, M. and Halpern, B.S. (2021) ‘At-risk marine biodiversity faces extensive,
expanding, and intensifying human impacts’, Science, 372(6537), pp. 84—87. Available at:
https://doi.org/10.1126/science.abe6731.

Palanques, A. et al. (2022) ‘Effects of long-lasting massive dumping of dredged material on bot-
tom sediment and water turbidity during port expansion works’, Ocean & Coastal Management,
223, p. 106113. Available at: https://doi.org/10.1016/j.ocecoaman.2022.106113.

Perry, D., Staveley, T.A.B. and Gullstrom, M. (2018) ‘Habitat Connectivity of Fish in Temperate
Shallow-Water Seascapes’, Frontiers in Marine Science, 4, p. 440. Available at:
https://doi.org/10.3389/fmars.2017.00440.

Polte, P. et al. (2021) ‘Reduced Reproductive Success of Western Baltic Herring (Clupea ha-
rengus) as a Response to Warming Winters’, Frontiers in Marine Science, 8, p. 589242. Availa-
ble at: https://doi.org/10.3389/fmars.2021.589242.

QGIS Development Team (2023) ‘QGIS Geographic Information System’. QGIS Association.
Available at: https://www.qgis.org.

Receveur, A. et al. (2022) ‘Western Baltic cod in distress: decline in energy reserves since
1977, ICES Journal of Marine Science. Edited by H. Ojaveer, 79(4), pp. 1187-1201. Available
at: https://doi.org/10.1093/icesjms/fsac042.

Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK) 55



Rhodes, N. et al. (2020) ‘Comparing methodologies in marine habitat monitoring research: An
assessment of species-habitat relationships as revealed by baited and unbaited remote under-
water video systems’, Journal of Experimental Marine Biology and Ecology, 526, p. 151315.
Available at: https://doi.org/10.1016/j.jembe.2020.151315.

Rowlands, G. et al. (2019) ‘Satellite surveillance of fishing vessel activity in the Ascension Is-
land Exclusive Economic Zone and Marine Protected Area’, Marine Policy, 101, pp. 39-50.
Available at: https://doi.org/10.1016/j.marpol.2018.11.006.

Schupp, M.F. et al. (2021) ‘Fishing within offshore wind farms in the North Sea: Stakeholder
perspectives for multi-use from Scotland and Germany’, Journal of Environmental Management,
279, p. 111762. Available at: https://doi.org/10.1016/j.jenvman.2020.111762.

Shucksmith, R. et al. (2006) ‘Evaluation of habitat use by adult plaice (Pleuronectes platessa L.)
using underwater video survey techniques’, Journal of Sea Research, 56(4), pp. 317-328.
Available at: https://doi.org/10.1016/j.seares.2006.06.001.

Simon, T., Joyeux, J.-C. and Pinheiro, H.T. (2013) ‘Fish assemblages on shipwrecks and natu-
ral rocky reefs strongly differ in trophic structure’, Marine Environmental Research, 90, pp. 55—
65. Available at: https://doi.org/10.1016/j.marenvres.2013.05.012.

Spearman, J. (2015) ‘A review of the physical impacts of sediment dispersion from aggregate
dredging’, Marine Pollution Bulletin, 94(1-2), pp. 260-277. Available at:
https://doi.org/10.1016/j.marpolbul.2015.01.025.

Standal, D. and Hersoug, B. (2023) ‘lllegal fishing: A challenge to fisheries management in Nor-
way’, Marine Policy, 155, p. 105750. Available at: https://doi.org/10.1016/j.marpol.2023.105750.

Stelzenmuiller, V. et al. (2021) ‘Sustainable co-location solutions for offshore wind farms and
fisheries need to account for socio-ecological trade-offs’, Science of The Total Environment,
776, p. 145918. Available at: https://doi.org/10.1016/j.scitotenv.2021.145918.

Stokesbury, K.D.E., Fay, G. and Giriffin, R. (2022) ‘A framework for categorizing the interactions
of offshore windfarms and fisheries’, ICES Journal of Marine Science. Edited by S.
Birchenough, 79(6), pp. 1711-1718. Available at: https://doi.org/10.1093/icesjms/fsac118.

Stattrup, J.G. et al. (2014) ‘Restoration of a Temperate Reef: Effects on the Fish Community’,
Open Journal of Ecology, 04(16), pp. 1045-1059. Available at:
https://doi.org/10.4236/0je.2014.416086.

Staettrup, J.G. et al. (2017) ‘Restoration of a boulder reef in temperate waters: Strategy, metho-
dology and lessons learnt’, Ecological Engineering, 102, pp. 468—482. Available at:
https://doi.org/10.1016/j.ecoleng.2017.02.058.

Stettrup, J.G. et al. (2019) Essential Fish Habitats for commercially important marine species in
the inner Danish waters. DTU Aqua Report no. 338—-2019. Kgs. Lyngby, Denmark: National In-
stitute of Aquatic Resources, Technical University of Denmark, p. 90. Available at:
https://www.aqua.dtu.dk/publications.

56 Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK)



Svendsen, J.C. et al. (2022) The importance of reef habitats for fish, harbor porpoise and fisher-
ies management, The importance of reef habitats for fish, harbor porpoise and fisheries man-
agement. Report. Kgs. Lyngby, Denmark: DTU Aqua. Available at: https://www.aqua.dtu.dk/-
/media/institutter/aqua/publikationer/rapporter-352-400/371-2020_the-importance-of-reef-habi-
tats-for-fish-harbor-porpoise-and-fisheries-management.pdf.

Trouillet, B. and Jay, S. (2021) ‘The complex relationships between marine protected areas and
marine spatial planning: Towards an analytical framework’, Marine Policy, 127, p. 104441.
Available at: https://doi.org/10.1016/j.marpol.2021.104441.

Utne-Palm, A.C. et al. (2015) ‘Size Dependent Male Reproductive Tactic in the Two-Spotted
Goby (Gobiusculus flavescens)’, PLOS ONE. Edited by L. Zane, 10(12), p. e0143487. Available
at: https://doi.org/10.1371/journal.pone.0143487.

Vasconcelos, R.P. et al. (2007) ‘Assessing anthropogenic pressures on estuarine fish nurseries
along the Portuguese coast: A multi-metric index and conceptual approach’, Science of The To-
tal Environment, 374(2-3), pp. 199-215.

Available at: https://doi.org/10.1016/j.scitotenv.2006.12.048.

Villegas-Rios, D. et al. (2013) ‘Home range and diel behavior of the ballan wrasse, Labrus ber-
gylta, determined by acoustic telemetry’, Journal of Sea Research, 80, pp. 61-71. Available at:
https://doi.org/10.1016/j.seares.2013.02.009.

Virtanen, E.A. et al. (2022) ‘Balancing profitability of energy production, societal impacts and bi-
odiversity in offshore wind farm design’, Renewable and Sustainable Energy Reviews, 158, p.
112087. Available at: https://doi.org/10.1016/j.rser.2022.112087.

Watson, D.L. et al. (2005) ‘A comparison of temperate reef fish assemblages recorded by three
underwater stereo-video techniques’, Marine Biology, 148(2), pp. 415-425. Available at:
https://doi.org/10.1007/s00227-005-0090-6.

Waye-Barker, G.A. et al. (2015) ‘The effects of marine sand and gravel extraction on the sedi-
ment composition and macrofaunal community of a commercial dredging site (15 years post-
dredging)’, Marine Pollution Bulletin, 99(1-2), pp. 207-215. Available at:
https://doi.org/10.1016/j.marpolbul.2015.07.024.

Willis, T.J. and Babcock, R.C. (2000) ‘A baited underwater video system for the determination of
relative density of carnivorous reef fish’, Marine and Freshwater Research, 51(8), p. 755. Availa-
ble at: https://doi.org/10.1071/MF00010.

Wilms, T.J.G. et al. (2021) ‘Restoring marine ecosystems: spatial reef configuration triggers
taxon-specific responses among early colonizers’, Journal of Applied Ecology, 58(12), pp.
2936-2950. Available at: https://doi.org/10.1111/1365-2664.14014.

Wollschlaeger, Daniel (2023) Convex hull, (minimum) bounding box, minimum enclosing ellipse,

and minimum enclosing circle, R Examples Repository. Available at:
http://dwoll.de/rexrepos/posts/diagBounding.html.

Mapping of coastal fisheries and cobble reef monitoring in Danish waters (KORTFISK) 57



Technical
University
of Denmark

DTU Aqua
Henrik Dams Allé

DK-2800 Kongens Lyngby

www.aqua.dtu.dk



	Colophon
	Preface
	Summary
	1.  Introduction
	2. Materials and methods
	2.1 Mapping of coastal fisheries in relation to other industrial activities
	2.1.1 Electronic monitoring (EM) system installation and EM data acquisition
	2.1.2 Fishing activity from geopositional data
	2.1.3 Mapping of other industrial activities
	2.1.4 Fisheries landings data
	2.1.5 Aggregation of data series and data analyses

	2.2 Cobble reef associated biodiversity
	2.2.1 Study area and cobble reef deployment
	2.2.2 Cobble reef deployment
	2.2.3 Surveys of cobble reef biodiversity


	3. Results
	3.1 Coastal fisheries in relation to other industrial activities and marine protected areas
	3.1.1 EM data
	3.1.2 Data covering other anthropogenic and industrial activities
	3.1.3 Aggregated data

	3.2 Cobble reef associated biodiversity
	3.2.1 Effects of cobble reef restoration
	3.2.2 Sampling effort
	3.2.3 Abundance of focal species groups across the years


	4. Discussion
	4.1 Mapping of coastal fisheries in relation to other industrial activities
	4.2 Cobble reef associated fish abundance and implications for coastal fisheries
	4.3 Project conclusions

	References

