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The expansion of offshore wind farms has led to increasing concerns about electromagnetic fields generated by
subsea power cables and their potential effects on marine life. A species group that might be affected is flatfish,
including species such as plaice (Pleuronectes platessa), common dab (Limanda limanda), common sole (Solea
solea) and flounder (Platichthys flesus), which are all commercially and ecologically important in the North Sea.
Concerns raised by fisheries organisations and NGO’s include altered behaviour, potentially affecting their
distribution and migration routes. This study investigated the effects of electromagnetic fields resulting from a
50 Hz 700 MW alternating current cable on flatfish abundance and diversity in the Dutch North Sea. Sampling
was conducted in two seasons, under different conditions, in September 2021 (46 locations) and April 2024 (36
locations) using a commercial vessel equipped with beam trawls and a magnetometer. Fish were identified and
counted after 5-minute hauls, covering both cable and reference areas. Statistical analyses, permutation tests,
assessed differences in abundance between cable and reference areas. There was no significant difference in
abundance and diversity of plaice, dab or sole. The findings suggest that, under the measured conditions,
electromagnetic fields do not significantly affect flatfish abundance or diversity around the cable. Future studies
should focus on electronic tagging or controlled experiments to better understand potential, more subtle,
behavioural responses to electromagnetic fields that were not possible to detect using our study design.

including cable type and power level transported. Modelling has shown
that AC-EMFs could be detectable 120 m from the cable and DC even

1. Introduction

The ocean provides numerous benefits to humankind, including a
vital source of protein (Boyd et al., 2022; Walford and Wilber, 1955) and
more recently an increasingly essential role in energy production
(Melikoglu, 2018; Santhakumar et al., 2024). In the European Union
alone, a projected 340 GW of offshore energy is aimed to be generated
by 2050, a 20-fold of the currently installed capacity (European Court of
Auditors, 2023; Wind Europe, 2023). Generated energy is transported
from the turbines to an offshore high voltage station (OHVS) with
alternating current (AC) inter-array cables. Energy is then transported
towards the shore with AC or direct current (DC) export cables, all
referred to as subsea power cables (SPCs) (Ohman et al., 2007).

Transporting power through SPCs generates electromagnetic fields
(EMF), which are a combination of magnetic fields and (induced) elec-
tric fields protruding into the marine environment (Henkel et al., 2014).
The range of these magnetic fields is dependent on several factors,

further, to 240 m from the cable (Hermans et al., 2024). As such, SPCs in
the coastal marine environment will locally change the magnetic envi-
ronment used by electro- and magnetosensitive species (Hermans et al.,
2024; Hutchison et al., 2020).

Several taxa of marine species have evolved to use magnetic fields for
navigational purposes, including sea turtles, marine birds, and fish such
as sharks, rays, eels, and sturgeons (Kalmijn, 1978; Klimley, 1993;
Molteno and Kennedy, 2009; Quinn et al., 1981; Rommel and McCleave,
1973). Flatfish or Pleuronectiformes are believed to be sensitive to mag-
netic fields (Metcalfe et al., 1993), but evidence base is sparse. A labo-
ratory study found no impact on the mortality of flounder (Platichthys
flesus) exposed to 3.7 mT field DC for seven weeks (Bochert and Zettler,
2004). Metcalfe et al. (1993) showed that tagged plaice (Pleuronectes
platessa) were able to maintain a constant course at night, which the
authors interpreted as potential evidence of an external magnetic cue.
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This suggests that flatfish may be sensitive to EMFs from subsea power
cables. This is supported by a study at the 50 Hz AC SPC of the Danish
Nysted offshore wind farm, were electronically tagged flounder crossed
the cable more often at a lower versus a higher electromagnetic field
(Hvidt et al., 2006). Research on Atlantic halibut (Hippoglossus hippo-
glossus) exposed 72 h to a range of 0.23-1.01 mT DC showed the spatial
distribution was altered, where individuals spent less time upstream of
the highest EMF (Woodruff et al., 2013).

Given the evidence of magnetic field sensitivity in benthic species
and the presence of SPCs directly within their habitats, including both
resident areas and migration routes, it is critical to investigate potential
effects on flatfish. It is unlikely that EMFs from SPCs form a hard barrier
for flatfish, as presence in and around offshore wind farms has been
shown (Buyse et al., 2023; Doorenspleet et al., 2024; van Hal et al.,
2017; Winter et al., 2010). Possible effects may range from hindrance in
migration (Hvidt et al., 2006), to attraction as hypothesised for elas-
mobranchs (Gill, 2009; Hermans et al., 2024; Hutchison et al., 2020) but
also can be non-existent. The perception, biological relevance, and ef-
fects of EMFs are likely to vary throughout a species’ life stages (Gill
et al., 2012). During the larval stage, prolonged or continuous exposure
to EMF is unlikely, as sea currents transport individuals over large dis-
tances. Juveniles and adults, which spend more time close to the bottom
are expected to have a higher rate of encountering the cables. As they
exhibit more complex behaviours, and utilise EMF in a different way,
they are thus potentially more affected.

Flatfish (Pleuronectiformes) include various families, such as Pleu-
ronectidae (righteye flounders), Bothidae (lefteye flounders), Soleidae
(soles), and Scophthalmidae (turbots). They inhabit estuaries and con-
tinental shelves (Gibson et al., 2014), areas that are also well-suited for
offshore wind development. The role of flatfish in the food web is pri-
marily preying on zoobenthic invertebrates and serving as prey for
higher trophic levels, including pelagic fish, thereby facilitating energy
transfer through the ecosystem (Gibson et al., 2014; Lee et al., 2010).
Historically, the flatfish order has been targeted by commercial fisheries
and continues to represent a significant source of both economic revenue
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and dietary protein (Dierickx et al., 2024; Rice and Andrew Cooper,
2003). Fisheries organizations have expressed concerns regarding the
potential effects of anthropogenic EMFs on flatfish species (EMK Foun-
dation, 2020). Anecdotal reports from fishermen suggest a decline in
common sole (Solea solea) abundance in spawning grounds within the
German Bight following the installation of DC interconnector cables
(personal communication).

A lack of understanding of EMF effects hinders accurate environ-
mental impact assessments, potentially leading to delays in permitting
procedures and complicating decision-making processes to balance
offshore wind expansion with environmental and fisheries interests. This
study aims to assess whether flatfish abundance and diversity differ in
the vicinity of an SPC EMF. To investigate this, the presence and absence
of flatfish on and around the SPC were compared to a reference location
using beam trawl surveys, while simultaneously measuring magnetic
field strength.

2. Materials and methods
2.1. Sampling area

Sampling was conducted along the export cables of two offshore
wind farms off the Dutch coast: Borssele and Hollandse Kust Zuid (HK
(z)) (Fig. 1). Both sites included four cables, where the HK(z) cables were
buried between —2 m and —6 m below the non-mobile seabed at the
survey sites, and the Borssele cables —1.5 m to —3.0 m below the non-
mobile seabed. Both areas are characterized by predominantly flat
sand and mud substrates with water depths between 10 and 20 m.
Sampling focused on the northernmost cable at Borssele and the
southwestern most cable at HK(z). During the survey on the Borssele
cable wind speeds and directions varied between 2 and 4 Beaufort force
(Bft) shifting from SE to WSW. During the HK(z) cable sampling the
wind speeds and directions varied between 0 and 5 Bft between NE and
NW. Sampling activities were stopped when wind speeds dropped below
1 Bft, as at those speeds the turbines do not generate any power and
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Fig. 1. Map of the study area and sampling locations.
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export cable carries little or no current, resulting in lower magnetic field
strengths. Conversely, at higher wind speeds more power is generated,
and stronger magnetic field strengths are induced around the cable.

2.2. Vessel and equipment

Two surveys were conducted in September 2021 and April 2024 with
a commercial Euro cutter OD-3 vessel “Adrianne” (23.8 m and 222 kW
engine power) to sample flatfish. The vessel was equipped with two
4.5 m beams fitted with five tickler chains, four net tickler chains and a
14 m ground chain as per standard commercial fishing practice. Codend
mesh size was 40 mm, a reduction from the minimal commercial size, to
capture a broader size range of the fish population. Tows were limited to
4-5 min at standard fishing speed (4.5 knots), resulting in distances of
approximately 620 m. Although commercial and routine monitoring
hauls are typically longer, shorter tows minimized deviation from the
cable and reference routes and enabled a greater number of hauls within
the available time. This was considered preferable to the potential
reduction in catchability, particularly of larger, more mobile fish. For
each haul, operational data were recorded, including start and end time,
GPS coordinates of deployment and retrieval, average depth, wind
speed, wave height, vessel speed, and course.

A custom-made tri-axial fluxgate magnetometer was mounted on the
trawl beam, approximately 0.5m above the seafloor. The sensor
measured the magnetic field along three orthogonal directions (xyz-
plane), and logged continuously at 2071 Hz, allowing frequency ana-
lyses up to ~1000 Hz. It was activated at the start and deactivated at the
end of each sampling day. Due to the installation setup, live data
streaming was not possible, and cable proximity could only be
confirmed post-survey based on the recorded data.

Subsequently a similar custom-made land-based tri-axial fluxgate
magnetometer was installed approximately 1 m above the Borssele
export cable and 2 m above the Hk(z) export cable in the cable landing
area to measure stationary magnetic field strengths for 3 months, within
which the trawling operations occurred. It is important to note the
magnetometer is capable of detecting time-varying and static magnetic
fields, it however does not measure electric or induced electromagnetic
fields. In addition, mobile magnetic field measurements may be affected
by sensor orientation changes (pitch, roll, yaw) due to gear movement
during trawling and by low-level noise from residual magnetization and
interference from the vessel’s hull, gear, and engine operations.

Fish catches from starboard and port tows were processed separately
using the same procedure. Target species included plaice (Pleuronectes
platessa), dab (Limanda limanda), sole (Solea solea), flounder (Platichthys
flesus), turbot (Scophthalmus maximus), and brill (Scophthalmus rhombus).
Once on board, catches were sorted to species level. Large individuals
were removed prior to sorting. If catches were too large to process fully,
they were divided, and a known subsample was sorted. Subsampling was
also applied when individual species were overly abundant. Fish were
measured to the nearest centimetre and recorded in 1 cm length classes
(e.g. 10.0-10.9 cm as 10 cm). All counts, lengths, and subsample factors
were recorded for analysis. Catches were returned to sea immediately
after processing.

2.3. Survey design

Sampling was conducted during daylight hours along the export
cables of the Borssele and Hollandse Kust Zuid (HK(z)) offshore wind
farms (Fig. 1). For each cable location, reference sites were selected at
least 400 m from any subsea power cable in areas with comparable
depth and substrate, and all paired samples were collected within the
shortest possible time frame to minimize environmental variability due
to tides or weather. The Borssele campaign took place over four days
(7-10 September 2021), during which 23 cable locations were sampled,
each paired with a single reference location. This resulted in 92 samples
in total: 23 cable and 23 reference hauls on both the starboard and port
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sides (Fig. 1). A magnetometer was mounted on each beam trawl during
this campaign. The HK(z) campaign was conducted over two days
(22-23 April 2024) and included 12 cable locations. At each location,
two reference hauls were taken, one east and one west of the cable,
resulting in 12 sets of three paired samples (one cable and two reference
hauls). This yielded 72 samples in total: 12 cable and 24 reference hauls
on both the starboard and port sides (Fig. 1). For this campaign, a
magnetometer was mounted only on the starboard beam, as only one
sensor was available; this was considered sufficient to determine
whether the hauls were conducted within the EMF generated by the
subsea power cable.

2.4. Data work-up

The magnetometers were synchronized to Coordinated Universal
Time (UTC) and data were retrieved after each campaign. Upon
retrieval, raw magnetic field data were inspected for sensor dropouts
and abnormal peak values (exceeding 100 uT), which could indicate
sensor malfunction or electromagnetic interference. Time-stamped
magnetometer data were then cross-referenced with survey logs to
segment the dataset by beam side (port/starboard) and location type
(cable vs. reference). Data segments recorded outside of documented
survey hauls were excluded from further analysis.

During the HK(z) campaign, a control transect was sailed across the
four subsea power cables at the beginning of the survey to verify sensor
function and alignment. These data were used as a reference to confirm
time synchronization and the presence of the expected EMF peaks at the
cable crossings (Fig. 2).

2.5. Analysis

To eliminate low-frequency drift, environmental noise, and earth’s
magnetic field a digital 4th-order Butterworth high-pass filter with a
cutoff frequency of 30 Hz was applied independently to each axis. The
filtered signals were segmented in non-overlapping 1-second windows
for the haul surveys, and 1-minute windows for the land-based mea-
surement. For each window, the root mean square value was calculated
(B). As to determine and characterize the frequencies within the
measured signal a fast Fourier Transformation (FFT) was applied. The
FFT was applied over the three orthogonal sensor measurements, with a
time window set to 0.5 s, and overlap of 0.25 s.

In the analyses the reference areas per offshore wind farm (e.g.
Borssele or HK(z)), and cable hauls (starboard and port) were combined.
Statistical differences were assessed by survey using a permutation test,
a non-parametric method suitable for ecological data with minimal
distributional assumptions using statistical package R (4.4.1). For each
pair, the difference in mean fish counts between the cable and combined
reference hauls, per study area, was compared against a null distribution
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generated by randomly reassigning trawls to cable or reference groups
1000 times. The significance was determined based on its rank within
the distribution, with thresholds defined for « = 0.05 and 0.1.

3. Results

A total of 46 stations were fished during the Borssele campaign,
comprising 23 cable (within the EMF zone) and 23 reference stations,
with nets on both the starboard and port sides resulting in 92 catch
compositions. For the HK(z) campaign, 36 stations were fished,
including 12 on the cables and 24 reference stations resulting in 72 catch
compositions. Across both campaigns, 39 species were recorded,
including the target flatfish species: 15,777 plaice, 10,517 dab, 1798
sole, and 147 flounder (Table S1).

3.1. Magnetic fields measurements

During the Borssele survey, all 23 hauls conducted within the EMF
zone exhibited an increased detection of the 50 Hz EMF component
along at least one of the three measured axes. In contrast, none of the 23
reference hauls showed a similar distinct increase of 50 Hz EMF
component, however the majority of hauls did show noticeable low-
frequency EMF components (30-45 Hz). The exact source of these
lower frequencies remains unclear but may be introduced by ship-
generated or instrumented mounted interference or spectral leakage
resulting from real-time FFT analysis.

The land-based magnetometer at Borssele recorded a stable magnetic
field of 1.8 uT on the first day (7 September 2021), rising steadily to 3.1
uT by 16:00 UTC. On the second day, similar morning values were
observed, with an increase to 2.8 uT around 13:00 UTC. The third day
showed more fluctuation, ranging from 1.9 to 2.5 uT in the morning,
decreasing to 1.8 uT in the afternoon. The fourth and last day a stable 1.8
uT magnetic field strength was recorded, with in the afternoon a strong
increase to 4.9 pT 18:00 UTC (Fig. 3). For reference, magnetic field
strengths recorded over the full three-month deployment ranged be-
tween 0.6 and 5.3 pT. The wind speeds were 2-4 Bft for the September
2021 survey and 2-5 Bft during the April 2024 survey.

For the HK(Z) cables, magnetic field recordings during the hauls
consistently confirmed the presence or absence of the export cable
through the detection of 50 Hz components. Land-based magnetometer
data from the first survey day (22 April 2024) showed a morning in-
crease from 2.25 uT at 06:30 UTC to 4.25 uT at 08:45 UTC, followed by
stable values around 3.5 uT for the rest of the day, with in total 12 hauls
surveyed above the cable and 24 hauls as reference. Compared to
Borssele only three of the hauls had similar noticeable low-frequency
(30-45 Hz) EMF components. On the second day, slightly higher
values were observed, with morning levels around 3.75 pT and more
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variation in the afternoon, ranging from 3.1 pT at 16:00 UTC to 4.8 uT at
17:00 UTC, averaging approximately 4.2 uT (Fig. 3). However, due to
the sensor’s proximity to the substation and low wind speeds, these
elevated values likely reflect interference from a local 50 Hz power
sources (e.g., a transformer), rather than residual current through the
cable. Consequently, these readings are unlikely to represent actual
magnetic field strengths at sea.

3.2. Catch composition

The surveys were done in different seasons and areas, which is re-
flected in the catch composition specifically for non-target species. The
benthic organisms, not recorded in detail, affecting the catchability and
sorting of the fish catches were in both surveys dominated by Ophiura
ophiura, Asterias rubens and Psammechinus miliaris. In Hk(z) several hauls
were dominated by Ecinocardium cordatum, while in Borssele the com-
mon spider crab (Maja brachydactyla) occurred in relatively large
numbers.

The catch composition was dominated by the target flatfish species
plaice, dab, and sole, except for gobies Gobiidae in the Borssele survey.
The other target species were caught in relative smaller numbers e.g.
flounder (Borssele 90, HK(z) 57), turbot (Borssele 8, HK(z) 15), and brill
(Borssele 0, HK(z) 2) and were not included in further analysis due to the
limited numbers caught (Table S1).

Plaice catches were dominated by small individuals (6-14 cm),
representing O-group fish in September at Borssele and 1-year-olds in
April at HK(z), with occasional larger individuals up to 30 cm. Dab in
Borssele were mainly 11-16 cm, while HK(z) catches showed two
distinct cohorts: 7-13 cm and 13-22 cm. Sole in Borssele were mostly
16-27 cm, with HK(z) also yielding some smaller individuals
(12-27 cm). Flounder were primarily 20-35 cm in both areas. Length
distributions of all four species were similar between cable and reference
hauls.

A clear difference in species abundance was observed between the
two surveys: plaice and dab were more abundant in HK(z), while sole
was more abundant in Borssele (Fig. 4). The non-parametric results
indicated that plaice and dab in Hk(z) and flounder in Borssele showed a
nonsignificant trend towards attraction to the cable (« =0.01) (Table 1).

Large differences in catches on a small spatial scale occurred, even
the starboard and port catch of the same position resulted in the smallest
and largest catch of a pair of three hauls (pair 7 reference area East,
Figure S1). In more detail for plaice (Figure S1) reveals that most of the
smallest catches of a pair occurred in reference area East, highlighting a
distinct difference between reference area East and reference area West.
Notably, the catches in reference area West were similar to those in the
EMF zone. The catches of dab showed a very similar distribution on the
small spatial scale. Overall, both surveys provided no significant
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Fig. 3. Measured magnetic field (RMS) strength in micro-Tesla, with blue line and bottom x-axis Borssele and black line and top x-axis HK(z) measurements.
Corresponding shaded areas (blue and black) indicate the time intervals where hull surveys where performed.
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Table 1

The rank number of the observed difference between the EMF and the reference
areas, rank close to 1 indicate attraction to the reference areas, while ranks close
to 1000 indicate attraction to the EMF. None exceeded the two-side a = 0.05
(<26 and >974) and 0.1 (<53 and >948).

Borssele HK(z)
Plaice 756 893
Dab 650 847
Sole 441 340
Flounder 899 476

evidence of either avoidance or attraction to the EMF by the target
species.

4. Discussion

The biodiversity and abundance of flatfish were studied in an EMF of
50 Hz AC SPCs using 5-minute beam trawl tracks conducted under
representative wind conditions for the North Sea (Department of Wa-
terways and Public Works, Netherlands, 2025). No significant difference
in flatfish abundance was observed between areas inside and outside the
EMF of the SPC during two surveys conducted under different wind
conditions, a low-wind autumn survey (September 2021, 2-4 Bft) and a
higher-wind spring survey (April 2024 2-5 Bft). Despite variations in

wind strength, which were expected to influence EMF intensity, no
corresponding effect on flatfish distribution was found, suggesting that
EMF intensity may not have played a significant role in influencing their
abundance. Sole, plaice and dab did not show significant signs of
attraction to or repulsion away from the SPC.

In several fish species (groups) it is known that specific organs or
mechanisms are responsible for their electrosensitivity or magneto-
sensitivity. Magnetosensitivity can occur due to the presence of
magnetite (as found in eels, salmon, and tuna), indirectly due to elec-
trosensitivity (possibly elasmobranchs), or via radical pair mechanisms.
Electrosensitivity is primarily associated with the Ampullae of Lor-
enzini, as seen in elasmobranchs. However, although there are strong
indications that flatfish are able to sense the Earth’s magnetic or asso-
ciated electric fields (Hvidt et al., 2006; Woodruff et al., 2012), research
on flatfish as a species group is lacking. In an extensive literature review
to magnetoreception in fish, no research to the sensory abilities of any
flatfish species was found (Naisbett-Jones and Lohmann, 2022). It is not
known if and how any magnetic or electrical cues are integrated in the
sensory system of flatfish or how this sensory information is used. As
such, the behavioural effects of EMF found in earlier studies in the lab
(Woodruff et al., 2012, DC) and in the field (Hvidt et al., 2006, AC) are
not fully understood.

Both the results at the Borssele as well as the HK(z) cable, two
different habitats in different conditions, did not show effects on the
scale of juvenile flatfish abundance, nor signs that the AC cables form a
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barrier for the species. Since each location has only been monitored
once, it could not be observed whether EMF intensity affected the degree
of movement across the cable like in Hvidt et al. (2006). A difference in
abundance between the east and the west of the HK(z) cable was
observed in 2024, but this is likely caused by other environmental pa-
rameters (distance from shore, depth). This is in line with other research
to flatfish in OWFs, which have shown that parameters like depth and
habitat type are more determining factors for community structure and
species abundance than the presence or absence of cables (and with that,
EMF) (Bicknell et al., 2025; Buyse, Reubens et al., 2023; Love et al.,
2017).

Flatfish are observed within OWFs, as confirmed by electronic
tagging and eDNA studies, suggesting that inter-array SPC do not act as a
hard barrier or strong deterrent (Buyse et al., 2023; Doorenspleet et al.,
2024; Winter et al., 2010). While inter-array SPCs within OWFs transmit
lower currents (up to 66 kV), our findings support the presence of these
species for export cables with a maximum capacity of 220 kV. It is
important to note that our study specifically looks at EMF from 50 Hz AC
SPC, and in the future DC cable installations are expected to increase due
to their lower transmission losses and higher power transfer capacity
(Ryndzionek and Sienkiewicz, 2020). Future studies may therefore need
to consider the effects of DC systems and care should be taken when
translating our results to different circumstances. Particularity as DC is
considered to be more perceptible and similar to the bioelectric field
(Bedore and Kajiura, 2013) and is believed to be used for navigation as
the geomagnetic field is also DC (Naisbett-Jones and Lohmann, 2022).

Our study design using beam trawl survey is not equipped to explore
more subtle behavioural effects as for example effects on foraging,
interaction with conspecifics or migration (Hermans et al., 2024). To
explore these effects, alternative methods, such as electronic tagging to
track migration routes as done with eels and salmon (Abecasis et al.,
2018; Klimley et al., 2017; Reubens et al., 2019; Westerberg and
Lagenfelt, 2008; Wyman et al., 2023) and fine-scale acoustic tracking
studies to explore behavioural changes (Buyse et al., 2023; Winter et al.,
2010), are recommended. Additionally, lab-based research using
controlled environments (e.g., preference chambers or mesocosms)
could isolate and clarify the direct impacts of EMFs on fish behaviour
and physiology (Albert et al., 2022; Hutchison et al., 2020). The po-
tential impact of EMF depends on both the sensitivity of the organism,
physiologically and behaviourally, and the probability of exposure,
which is determined by encounter rate and field strength. Juvenile and
adult fish are more likely to experience repeated or prolonged exposure,
as they actively control their movements and may remain in
EMF-affected areas for extended periods. Their predominantly benthic
lifestyle also places them closer to subsea cables, where field strengths
are higher. Some studies suggests that EMFs may influence larval
development (Cresci et al., 2022; Formicki et al., 2021), the passive
dispersal and predominantly pelagic lifestyle of larvae reduce the like-
lihood of prolonged exposure. This also places them farther from subsea
cables, where field strengths are lower, thereby decreasing their overall
risk.

The collection of 164 hauls across two distinct surveys yielded a
robust and diverse dataset for analysis. Sampling under a range of field
conditions, including varying tides and wind patterns, ensured that
different environmental conditions (season, wind, tide, current, loca-
tion) were represented. By closely pairing samples, environmental ef-
fects within pairs were minimized; while different environmental
conditions between pairs were accommodated. Nonetheless, we do
acknowledge that more subtle differences may have remained below the
threshold of detection. Wind conditions during HK(z) surveys shifted
from moderate (5-6 Bft to calm (1-2 Bft), potentially affecting catch-
ability, fish distribution and magnetic strength via the corresponding
reduced power transport. This is relevant as wind-driven mixing and
turbulence affect vertical and horizontal movement, particularly in
pelagic and semi-demersal species (Nilsson, 2003; Solberg and Kaart-
vedt, 2017) and might have overshowed EMF induced behavioural
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effects. No effects of the EMF were observed under the conditions in this
survey, but stronger winds and associated EMFs were not tested. Sea-
sonal or migratory variation in fish responses was beyond the study
scope but may be relevant for future research. Moreover, while the
analysis centred on the presence or absence of the EMF, other environ-
mental factors known to influence species composition, particularly tide
and currents, water depth and seabed type (Gibson et al., 2014), were
not explicitly accounted for in the sampling design or analysis. However,
the variation in these environmental factors was minimized due to the
closeness in time and space of the sampling locations. Lastly, haul
duration was reduced to 5 min to improve spatial accuracy over cables,
which may have biased species composition. Larger, stronger-swimming
individuals are more likely to evade capture during short hauls, poten-
tially leading to underrepresentation and affecting interpretation of EMF
effects on these species.

This study found no significant effect of EMFs generated by a 50 Hz
AC SPC on the diversity and abundance of flatfish. While more subtle
behavioural responses may occur, these would be better identified
through controlled laboratory experiments or fine-scale electronic
tagging studies with juvenile or adult fish. However, under the condi-
tions assessed in this study, SPCs are unlikely to act as a physical barrier
or a strong attractant for flatfish. The results from this study reflect on
AC cables and care should be taken when translating these to DC cables
or other species groups.
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