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Offshore renewable energy is rapidly expanding in the North Sea. Offshore solar is a new renewable energy
technology currently developing in the Netherlands, with the first offshore tests of four years at rough conditions
being successfully completed. Submerged parts of offshore renewable energy devices get fully colonised by
fouling organisms, which take advantage of the new artificial habitats. In this study, we conducted an exploration
of the fouling fauna that colonised the floaters of a solar farm installed for the first time in offshore waters in the
Netherlands. The biofouling attached to the underwater parts of 18 floaters forming 3 clusters were sampled in a
quantitative way by scuba divers. Macrofauna species and biomass were quantified in all samples. In total, 47
different taxa, including 12 non-indigenous species, were identified to occur on the floaters. Arthropoda (mainly
individuals of the genus Jassa) was the most abundant phylum, while Mollusca (mainly blue mussel Mytilus
edulis) showed the largest biomass. No significant differences in abundance nor biomass were observed between
the two months of installation. Non-indigenous species were more abundant in number but contributed less to
the total biomass compared to native species on the examined floaters, regardless of the month they were
installed. The findings of this study suggest that, like any offshore artificial structure, offshore solar farms could
act as stepping-stones for the spread of species. However, long-term monitoring is needed to confirm these results

and gain a more comprehensive understanding of the development of fouling fauna on offshore solar farms.

1. Introduction

Offshore renewable energy (ORE) devices are rapidly proliferating in
the North Sea. Offshore wind farms are currently the most successful
ORE devices, with thousands of turbines installed in different countries
across the North Sea. While the offshore wind industry continues
thriving, other offshore renewable technologies are also developing.
Floating solar energy has made significant strides in the last years and is
emerging as a promising ORE (Vlaswinkel et al., 2023), while govern-
ments are beginning to develop policies to enable the expansion of
offshore solar. In the Netherlands, 70 GW of offshore wind and 45 GW of
offshore solar energy are expected by 2050 (“TNO Innovation for life:
Floating solar panels,”, 2024). Offshore solar offers potential for co-
location with offshore wind farms, allowing more efficient use of ma-
rine space and infrastructure (Ali et al., 2024), thereby supporting a
more sustainable and integrated offshore energy landscape. As marine
spatial planning evolves and governments begin to support innovative
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blue energy technologies, offshore solar is poised to become a key player
in meeting renewable energy targets with minimal spatial conflicts.
The increased number of offshore artificial structures affects the
marine environment in various ways, including the introduction of
electromagnetic fields, noise, and changes in hydrodynamics (Risch
et al., 2024; Gill et al., 2020; Hutchison et al., 2021; Hutchison et al.,
2020; Scott et al., 2018; Wilhelmsson et al., 2006). One of the most
apparent effects of ORE devices is habitat provisioning through the
addition of hard substrates. These new habitats are rapidly colonised by
multiple fouling organisms (De Mesel et al., 2015; Degraer et al., 2020;
Mavraki et al., 2023), a phenomenon known as the artificial reef effect
(Langhamer, 2012). Fouling organisms increase local biodiversity (Inger
et al., 2009; Knorrn et al., 2024; Mavraki et al., 2020a), and attract
mobile species that feed on them (Mavraki et al., 2021; Reubens et al.,
2014; Reubens et al., 2011). They can further alter the local food webs
(Mavraki et al., 2020a; De Borger et al., 2025) by reducing primary
producers (Mavraki et al., 2020b; Slavik et al., 2019) and releasing
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organic materials, such as faeces and pseudofaeces, which increase the
organic content on the seabed even kilometres away of the structures
(De Borger et al., 2021; Ivanov et al., 2021). This organic material
contributes to benthic food webs, providing energy to benthic organisms
(Coates et al., 2014; Gergs et al., 2011), with some communities relying
heavily on this resource (Norling and Kautsky, 2007). Overall, fouling
organisms can significantly impact the marine ecosystem.

While the fouling fauna composition in the southern North Sea is
well-studied on bottom fixed offshore wind turbines and oil and gas
platforms (Coolen et al., 2022; Dannheim et al., 2025), less is known
about communities on floating offshore structures. In the northern North
Sea, studies exist on wave and tidal energy converting devices (Nall
et al., 2017; Want et al., 2023, Want et al., 2017), buoys (Macleod et al.,
2016) and floating offshore wind turbines (Karlsson et al., 2021).
Regarding floating solar in the North Sea, an earlier study of the
developing fouling fauna diversity was carried out (Mavraki et al.,
2023); however, this solar farm was deployed in shallow, nearshore
waters and the community composition differs between coastal and
offshore locations, since the sea dynamics are much rougher offshore
(Kroncke et al., 2018; Macleod et al., 2016; Reiss et al., 2006).

ORE structures may also act as stepping-stones, connecting previ-
ously isolated natural habitats via species migration across generations
(Adams et al., 2014; Dauvin, 2024; Fowler et al., 2020). These structures
can facilitate the spread of both native (Coolen et al., 2015; Henry et al.,
2018; van der Molen et al., 2018) and non-indigenous species (Adams
et al., 2014; Dauvin, 2024; De Mesel et al., 2015), by providing habitat
ins areas lacking natural hard substrates and accelerating species
dispersal (Coolen et al., 2016; McLean et al., 2022).

In this study, we collected fouling fauna from the first offshore solar
farm in the Dutch North Sea. Our aim was to investigate the fouling
community composition underneath the floaters that were placed in two
different seasons and identify differences in community composition
with time. Furthermore, we assessed the presence of non-indigenous
species and quantified their relative abundance and biomass in com-
parison to native species.

2. Methodology
2.1. Sampling area

The solar farm sampled in this study consisted of a set of 28 indi-
vidual rigid, plastic (polymer) floaters that carry the solar panels,
deployed at the Offshore Test Site in The Netherlands located 12 km off
the coast of The Hague (52.17335° N - 4.119883° E, WGS84; Fig. 1). This
location is dedicated to testing new innovations offshore, where they can
undergo lengthy tests in rough, offshore conditions. The depth in the
area ranges between 12 and 20 m, with the sea-surface temperature
typically varying between 6 and 22 °C (winter and summer tempera-
tures) and salinity values usually ~32-35 PSU. The floaters are flexibly
interconnected with each other, which makes the entire structure move
like a blanket on the sea surface.

In between the individual floaters are gaps that let light pass through
and allow for water to splash between them, naturally cleaning the solar
panels. The solar farm is anchored to the seabed at 22 m depth. Fouling
fauna can colonise the entire submerged surface area of the individual
floaters, which together covered a total area of 35 x 17 m. No anti-
fouling measures or fouling removal activities were applied to the
floaters.

Sampling was conducted on the 4th of September 2023 simulta-
neously at three interconnected floater clusters (B, C and D), each con-
sisting of 7 individual floaters (Fig. 2). All floaters were sampled at the
same date and time. Floater cluster A was not sampled as it had been
placed in the water only 18 days before sampling took place, which was
considered too short for the purpose of this study. The sampled floaters
had been placed in 2 steps, first placing 9 and then 12 floaters. Floaters
B5 to B7, C5 to C7 and D5 to 7 were placed in the water on the 20th
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Fig. 1. Location of the offshore solar farm at the Offshore Test Site 12 km
offshore The Hague, the Netherlands.
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Fig. 2. Schematic overview of the solar farm layout during the time of sam-

pling (September 2023). The numbers in the centre indicate the number of days
that the floaters where in the water on the day of the sampling, and if a floater
has an asterisk (*) then it was sampled. Floaters of column A were excluded
from the sampling. The arrow indicates the current direction in relevance to the
floater deployment.

January 2023, while floaters B1 to B4, C1 to C4 and D1 to D4 were
installed on the 23rd of June 2023 (Fig. 2), where floater numbers refer
to their location in the farm design and not the timing during which they
were installed. The floaters were designed, constructed, installed and
operated by Oceans of Energy (https://oceansofenergy.blue, Sassen-
heim, The Netherlands). In December 2023, the floaters were decom-
missioned and towed back to shore.

2.2. Sampling process and sample analysis

A total of 18 scrape samples were collected from three floater clusters
(B, C and D), each comprising floaters installed in January and June
2023 (9 samples from each deployment). Specifically, 5 samples were
taken from cluster B (3 January, 2 June 2023), 7 from C (3 January, 4
June) and 6 from D (3 from each deployment) (Fig. 2). These floater
clusters were selected due to their prolonged submersion in the water,
promoting fouling fauna growth.


https://oceansofenergy.blue
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Scrape samples were collected by two scientific-commercial scuba
divers using a frame (0.05 mz) and a putty knife to scrape fouling or-
ganisms from the underside of each floater, following methods similar to
Coolen et al. (2020a). One diver held the frame, while the other pho-
tographed it, then scraped the content into a pre-numbered 0.5 mm
mesh net. Each net held up to maximum three separate samples, isolated
from each other by cable ties. Once full with samples, the nets were
passed to surface support and replaced with new nets for the collection
of the following samples. On board, the nets were stored in buckets filled
with sea water, which was refreshed regularly to prevent overheating.

All samples were collected during a single dive window and trans-
ported to port, where all collected fouling organisms were carefully
removed from the nets and transferred into plastic containers (2.5-5 L)
filled with >2 x sample volume of 99 % ethanol. Ethanol was renewed
after 24 h to assure the preservation of the samples until laboratory
analysis.

In the lab,samples were sieved through a 212 pm sieve and sorted
into taxonomic groups. If a species exceeded 200 individuals in a sam-
ple, all individuals were retained in a sample residue. The remaining
residue was sub-sampled using a Motoda-box sample splitter (Motoda,
1959) until each species group had 100-200 individuals. Sub-samples
were processed separately; remaining residues were stored without
further processing. Sub-sample levels (e.g., 1/2, 1/4, etc.)were recorded
for identification.

Organisms were identified to the lowest possible taxonomic level
under a stereomicroscope, using the World Register of Marine Species
(Worms, 2016) as a reference. Juveniles or individuals with incomplete
body parts were identified to higher taxonomic levels. For each taxon,
abundance (number of individuals or colony size in cm?) and biomass
(wet weight (WW), dry weight (DW) and ash-free dry weight (AFDW))
were recorded. DW and AFDW were measured only when WW exceeded
0.01 g. DW was obtained by drying specimens at 60 °C for 72 h and
subsequently equilibrating them to room temperature in a desiccator
before weighing. AFDW was measured after incineration at 560 °C for a
minimum of 4 h, followed by equilibration to room temperature in a
desiccator prior to final weighing.

For colonial species, the abundance was assessed as surface area (cm?
of the attached part of the colony per sample), as individual counts could
not be accurately estimated. These species were excluded from biomass
analysis but included in the taxonomic inventory for descriptive
purposes.

2.3. Data preparation and analysis

If a taxon was identified above the species level and only one species
from that group was present in the sample, it was grouped with that
species. If multiple species from the same taxon were present in the
sample, the abundance of the higher-level taxon was proportionally
distributed among those species, assuming no additional species were
present. Taxa identified at higher levels were retained at that level only
when no lower level taxa from the same taxon were found in the sample.
In this way, the number of taxa that were identified on a high taxonomic
level was be reduced.

To identify differences in abundance and biomass (AFDW) of fouling
fauna on the floaters between the different months of installation, two
negative binomial generalised linear models (GLM) were conducted.
Negative binomial models were selected instead of a standard Poisson
GLM due to evidence of overdispersion in the data. The models included
the month of installation as a fixed effect and were fitted using the glm.
nb() function from the MASS package (Ripley et al., 2013) in R (R
version 4.4.2).

3. Results

In total, 47 unique taxa (from which 28 were identified to the species
level) were detected on the sampled floaters, with 35 taxa identified on
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the floaters that were installed in January and 38 taxa on floaters
deployed in June 2023 (Table 1). There was a small difference between
the numbers of unique taxa that colonised the floaters that were intro-
duced in the water in different times (9 taxa on the floaters of January
and 12 taxa on the floaters of June). Unique taxa identified on the
floaters installed in January included the arthropod Achelia echinata, the
tubeworms Ficopomatus enigmaticus, and Hydroides ezoensis, the brittle
star class Ophiuroidea, the sea urchin Psammechinus miliaris, the poly-
chaete family Serpulidae, the insect Telmatogeton japonicus and the
bryozoan Tricellaria inopinata. Conversely, unique data observed on the
floaters installed in June included the bryozoan.

Alcyonidium, the ascidian class Ascidiacea and the genus Molgula, the
sea star Asterias rubens, the Japanese skeleton shrimp Caprella mutica and
the family of this shrimp Caprellidae, the hydrozoans Calycella syringa
and Clytia hemisphaerica, the amphipod Stenothoe valida, the polychaete
Syllidia armata, the nudibranch genus Corambe and the polychaete
family Terebellidae. From the taxa identified on species level, 12 (=~ 43
%) are known non-indigenous species in the Netherlands (Bos et al.,
2016), while 19 taxa belong to a taxonomic level (above species), where
it is not possible to determine whether they are native or not (and thus
were characterised as NA). The other 16 species (~ 57 %) are native for
the Dutch North Sea.

The rest of the analysis was focused on the non-colonial taxa. The
mean abundance of non-colonial individuals per m? occurring on the
floaters deployed in January (14,902 + 6560 standard error) was larger
than of the floaters mounted in June (11,561 + 5766). However, this
difference was not considered significant based on the GLM. Arthropoda
(mainly represented by amphipods belonging to the genus Jassa) was the
most abundant phylum on all the floaters introduced to the water during
both installation times (Fig. 3 — mean and standard error of abundance
per m? in January: 95,306 + 37,040; in June: 74,564 + 34,815). The
second most abundant phylum in both of the months of installation was
Mollusca (floaters introduced in January: 5978 + 3837; in June: 3758
+ 2994).

The overall biomass of the fouling fauna from the floaters installed in
January (mean AFDW and standard error: 29.94 + 14.8 g m?) was
higher than that from those deployed in June (7.89 + 4.91 g m?). This
difference was again not statistically significant based on the GLM. The
phylum Mollusca (mainly represented by blue mussel Mytilus edulis) was
the most dominant on the floaters irrespective of the month of deploy-
ment (Fig. 4), with a mean AFDW of 206.27 + 85.68 g m? (January
2023) and 53.38 + 31.75 g m? (June 2023). The phyla with the second
highest biomass were Platyhelminthes (1.671 + 0.81 g mz) from the
January deployed floaters and Arthropoda (0.656 + 0.0977 g m?) for
the ones installed in June accounted for it.

Finally, data analysis revealed that non-indigenous species were
more abundant than native species on floaters deployed both in January
and June (Fig. 5). However, when exploring the same results but with
the relative biomass as factor, the percentage of native species surpassed
that of non-indigenous species.

4. Discussion

This study explored the fouling fauna composition occurring on the
first demonstrator offshore solar farm in the Dutch North Sea. Arthro-
poda was consistently the most abundant phylum, irrespective of the
duration for which the floaters remained in the water or the season in
which they were deployed. Mollusca, and specifically blue mussels
Mytilus edulis, contained the highest biomass on the floaters introduced
in both months (Table 1). Both abundance and biomass were greater on
floaters deployed in January than on those installed in June, indicating
that the longer time since deployment had led to slightly more advanced
communities with higher individual growth, whereas the June-
associated communities were likely still in the early stages of develop-
ment. No statistically significant differences in abundance and biomass
were detected between the floaters installed in the two different months.
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Table 1

List of taxa collected on the floaters that were installed in January and in June.
The total number of individuals per m? collected per month (or total surface area
covered by the colonial taxa per m?), and total ash-free dry weight (AFDW in g
m~2) are presented. The status indicates whether they are native species for the
Dutch North Sea or non-indigenous (NIS), while the NAs indicate that the
taxonomic level did not allow for the status identification. The phyla with an
asterisk (*) include the colonial taxa, which were not included in further
analysis.

Taxon Mean abundance of Mean AFDW (g m~2) Status
individuals (n m~2 or cm? + SE
m~?) + SE
January June January June
Annelida
Eunereis longissima ~ 2.22 + 4.44 + 0.0004 0.02 + Native
0.80 1.60 +0.0001  0.008
Ficopomatus 222 + - 0 - NIS
enigmaticus 0.80
Hydroides ezoensis 222 + - 0 - NIS
0.80
Myrianida 6.67 + 68.89 + 0 0 NA
2.39 32.39
Nereididae 8.89 + 8.89 + 0 0 NA
3.19 3.19
Serpulidae 222 + 0 NA
0.80
Syllidia armata - 2.22 + - 0 NIS
0.80
Terebellidae - 2.22 + - 0 NA
0.80
Arthropoda
Achelia echinata 4.44 + - 0 - Native
1.60
Austrominius 161 + 298.6 + 0 0 NIS
modestus 96.4 108.53
Balanomorpha 2.22 + - 0 - NA
0.80
Balanus crenatus 1215.9 + 1725.76 + 0 0 Native
946.95 598.27
Bodotria 2222 + 106.67 + 0 0 Native
scorpioides 6.27 38.32
Caprella equilibra 2160 + 3043.55 + 0.06 + 0.044 NIS
1183.97 1890.89 0.03 + 0.03
Caprella mutica - 1000.89 + - 0.01 + NIS
317.07 0.003
Caprellidae - 88.89 + - 0 NA
31.93
Jassa herdmani 2626.59 254.67 + 0.02 + 0.0002 Native
+ 2164.3 178.37 0.01 +
0.0002
Jassa marmorata 88,682.5 67,623.1 0.47 £ 0.60 + NIS
+ + 0.11 0.113
37,282.6 33,857.94
Monocorophium 301.78 + 124.44 + 0 0 NIS
acherusicum 101.42 26.71
Perforatus 113.87 + 144.48 + 0 0 Native
perforatus 68.44 41.53
Pilumnus hirtellus 4.44 + 80+2534 0 0.0004 Native
1.06 +
0.0001
Pseudocuma 8.89 + 37.78+9 0 0 Native
(Pseudocuma) 3.19
simile
Stenothoe valida - 35.56 + - 0 Native
12.77
Telmatogeton 222 + - 0 - NIS
Jjaponicus 0.80
Chordata
Ascidiacea - 15.56 + - 0.12 + NA
5.59 0.04
Botryllus schlosseri 222+ 222 + 0 0 NIS
0.80 0.80
Molgula - 4.44 + - 0 NA
1.06
Molgula 8.889 + 2.22 + 0 0.03 + NIS
manhattensis 3.19 0.80 0.01
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Table 1 (continued)

Taxon Mean abundance of Mean AFDW (g m %) Status
individuals (n m~2 or cm? + SE
m ) + SE
January June January June
Molgulidae 31.11 + 20 +7.18 0.34 + 0.30 + NA
11.18 0.12 0.11
Echinodermata
Asterias rubens - 44.44 + - 0.049 Native
15.96 +0.02
Ophiuroidea 222 + - 0 - NA
0.80
Psammechinus 11.11 + - 0.19 + - Native
miliaris 3.19 0.07
Mollusca
Corambe - 42.22 - 0 NA
Mytilidae 2.22 + - 0 - NA
0.80
Mytilus edulis 5846.67 3657.78 + 206.27 53.38 Native
+1382.98  1079.97 + 30.78 +11.41
Nudibranchia 129.56 + 57.78 + 0 0.002 NA
20.41 14.54 +
0.0008
Nemertea
Nemertea 64.44 + 15.56 + 0.58 + 0.29 + NA
12.60 3.12 0.16 0.08
Platyhelmynthes
Platyhelmynthes 2887.78 2415.56 + 1.67 + 0.39 + NA
+ 415.43 535.78 0.29 0.09
Bryozoa*
Amathia 300 1100 0 0 NA
Bugulina 20 100 0 0 NIS
stolonifera
Conopeum 20 40 0 0 Native
reticulum
Electra pilosa 3920 4660 0 0 Native
Cnidaria*
Alcyonium - 400 - 0 NA
Campanulariidae 340 3600 0 NA
Calycella syringa - 2800 - 0 Native
Clytia - 1200 - 0 Native
hemisphaerica
Tubulariidae 960 23,600 0 0 NA

However, notable variations in biomass, as measured by ash-free dry
weight (AFDW), were observed. Although the statistical model did not
identify these differences as significant, the observed trend may reflect
the limited sample size, which may have reduced the power to detect
true differences. Finally, when abundance was used as the metric, non-
indigenous species represented the highest proportion relative to native
species on the floaters installed in both of the months; however, this
pattern was reversed when biomass was considered as the basis for the
comparison.

The blue mussel Mytilus edulis, showed the largest biomass on the
floaters installed in both seasons (mean AFDW of M. edulis in January
206.27 g m~2 and in June 53.38 g m~2 — Table 1). When a small-sized
offshore solar farm of 1 MW (ca. 6400 m?) is deployed, then mussel
biomass on the floaters of the entire farm could reach a total of
approximately 1,320,128 g AFDW in less than a year after installation.
This conclusion is drawn from the AFDW results for mussel biomass on
the floaters installed in January. The substantial mussel colonisation
may indirectly influence the surrounding marine environment. Mussels
can become dislodged and fall to the seafloor beneath the floaters, a
phenomenon already observed under mussel farms (Mascorda-Cabre
et al., 2024). These accumulated mussels and mussel shells could create
reef-like habitats on the seafloor, supporting local ecosystem services
(Coral et al., 2025) and facilitating the settlement and growth of larvae
(Buschbaum, 2001; Commito et al., 2014). Over time, this process may
lead to the formation of mussel beds underneath the solar farms, further
enhancing habitat complexity, providing shelter for diverse species, and
promoting local biodiversity (Bridger et al., 2022; Degraer et al., 2020;
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Krone et al., 2013). Furthermore, this reef formation could enhance the
presence of commercially important species, while it could increase food
web complexity and connectivity (Coral et al., 2025). Mussel bed for-
mation will be highly dependent on local hydrodynamic conditions and
sediment transport processes, as strong currents can displace mussel
shells over considerable distances, while active sand waves may result in
burial of mussels beneath sediment layers (Donker, 2015; Widdows
et al., 1998).

However, it is important to note that mussel biomass is unlikely to be
evenly distributed across the entire solar farm. A recent preliminary
model studying the interactions between offshore solar farms and
mussel growth focused on farms of up to 1 km? in the Dutch North Sea,
suggested that mussel growth varies across the farm area (Nalmpanti
et al., 2025). Higher biomass tends to occur at the edges of the farm,
particularly in areas aligned with dominant current directions, while
lower growth is observed toward the centre of larger farms (Nalmpanti
et al., 2025). Based on this study, the observed pattern is driven by
differences in food availability, as mussels at the edges benefit from a
continuous supply of chlorophyll-a-rich water, while mussels in the
centre experience more depleted water due to upstream filtration. This
spatial heterogeneity should be considered when estimating overall
biomass and evaluating potential ecological impacts. Whether this
pattern actually happens at large-scale solar farms still needs to be
investigated.

The floaters in this study were placed in the water at different sea-
sons, winter (January) and early summer (June) 2023, while sampling
took place in September 2023. As the floaters remained in the water for
less than a year before sampling, the fouling communities developed on
them can be considered to be at an early succession stage. The short-
term community succession on artificial structures is strongly influ-
enced by the timing of installation, given that larval supply in temperate
regions is inherently season-dependent (Schroder et al., 2006). This
seasonality can in turn influence the species composition colonising the
available substrata (Kerckhof et al., 2010). For the dominant phyla
colonising the floaters (Arthropoda in terms of abundance and Mollusca
in terms of biomass), seasonal variation in floater deployment did not
seem to affect their presence or distribution. Mussels in the southern
North Sea undergo spawning between late April and late June (Sprung,
1983). This spawning period has allowed the colonisation of mussels on
all the floaters under study, even the ones deployed in June. Conversely,
the most frequently observed amphipod species on the floaters, Jassa
marmorata and Jassa herdmani, exhibit continuous year-round repro-
ductive activities (Beermann, 2013; Beermann and Purz, 2013). There-
fore, the season/timing of floater deployment did not have a significant
effect on the occurrence of the most prevalent taxa colonising the
floaters.

Community seasonality patterns have been observed multiple times
on anthropogenic structures, such as offshore wind turbine foundations
(De Mesel et al., 2015; Kerckhof et al., 2010) and also on a coastally
located pilot solar farm (Mavraki et al., 2023). The floaters of this study
were deployed at different times and contained almost the same number
of unique species. The presence of some species only on the floaters
installed in one of the two seasons could be explained by the seasonal
patterns that these species exhibit, or by inter- and intra-specific
competition for space. The Japanese skeleton shrimp Caprella mutica
has established populations in temperate areas, while its population
peaks between June and October (Ashton et al., 2010). This species was
found only on the floaters installed in June 2023. Caprella mutica does
not have free-swimming larvae and expands its distribution by attaching
on floating structures (Minchin and Holmes, 2007). Thus, it is possible
that it occupied the available habitat of the floaters installed in June and
expanded its population on those floaters, where competition of the
available habitat was smaller. On the other hand, Psammechinus miliaris,
a sea urchin that was only observed on the floaters deployed in January
2023, produces young individuals in December-January (Jensen, 1969),
which then colonised the only available habitat at the time.
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Multiple studies have suggested that offshore anthropogenic struc-
tures, including ORE devices, facilitate the settlement and potential
reproduction of indigenous and non-indigenous species, functioning as
stepping stones that enhance their distribution (Adams et al., 2014;
Boehlert and Gill, 2010; Coolen et al., 2020b; De Mesel et al., 2015;
Leclerc et al., 2020; Taormina et al., 2020; Vaselli et al., 2008). In the
current study, the relative contribution of non-indigenous species to the
overall fouling community differed depending on the factor under which
it was studied. When looking at the relative abundance of non-
indigenous species, it was clear that they were exceeding that of
native species. This result was caused by the abundant presence of
mainly one non-indigenous species, the amphipod Jassa marmorata
(defined as NIS in Bos et al., 2016), which reached abundances higher
than 80,000 individuals m~2 on the examined floaters. The other non-
indigenous species found in this study, were similar to the ones
observed at the intertidal zones of wind turbine foundations in the
southern North Sea (Dauvin, 2024; De Mesel et al., 2015). When,
however, biomass was the main factor under which the percentage of
non-indigenous species was examined, the native species exceeded the
non-indigenous ones. This was mainly due to the presence of the blue
mussel Mytilus edulis, which might colonise the floaters with half the
abundance of Jassa marmorata, but its individuals are much heavier than
that of the amphipods.

Non-indigenous species can be opportunistic and act as early colo-
nisers of new artificial substrata, while they can affect the composition
of fouling communities by outcompeting other fouling species (Sheehy
and Vik, 2010). In areas where hard substratum is limited, such as the
offshore southern North Sea, the introduction of artificial hard sub-
strates may favour the recruitment of non-indigenous species over
native ones, promoting the stepping-stone effect (Airoldi et al., 2015).
With the continuous installation of ORE devices, the spread of non-
indigenous species could rapidly expand, especially at depths that
have been observed to accommodate non-indigenous species, such as
the intertidal zone (Kerckhof et al., 2011). This higher occurrence of
non-indigenous species at intertidal parts of ORE could be explained by
the fact that most of these species are typically found in coastal habitats
and they seem to be capable of surviving in offshore environments as
long as suitable habitat is present (Kerckhof et al., 2011).

During decommissioning, the floaters were towed to Scheveningen
and removed from the water. With future floating solar initiatives, the
effect that decommissioning might have on the spread of non-indigenous
species should be considered. Recent advice has highlighted the poten-
tial risk that the relocation of floating wind turbines could have on the
spread of non-indigenous species between different eco-regions (ICES,
2025). Although the floaters studied here were only transported across
short distances, future installations might be towed further offshore, and
the risks of transporting native and non-indigenous species might
increase.

When considering the importance of floating offshore solar for the
spread of non-indigenous and indigenous species alike, it is important to
take into account the high numbers of already present artificial struc-
tures in the North Sea. For example, tens of thousands of shipwrecks,
offshore wind turbines, oil and gas platforms, navigational buoys and
other hard substrates are present (Coolen et al., 2020b). Many of these
substrates can be found on the water surface, creating conditions com-
parable to those provided by floating solar. In light of this broader
network of potential stepping-stones, the specific contribution of
floating solar to this phenomenon remains unclear.

5. Conclusions

This study analysed the composition of fouling fauna on the first
offshore solar farm in the Dutch North Sea, highlighting the significant
abundance of Arthropoda and biomass of Mollusca on all the floaters,
independently of the season of installation. However, the floaters
installed in January had generally higher abundance and biomass
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compared to the ones deployed in June, as more time was available for
the biofouling communities to develop and for the individuals to grow.
In total, 47 unique taxa were detected on the sampled floaters, with 35
taxa identified on the floaters that were installed in January and 38 taxa
on floaters deployed in June 2023.

The findings provide a first indication that offshore solar farms may
serve as stepping stones for the distribution of non-indigenous species,
although the significance of this effect should be tested based on
abundance and biomass together with the opportunistic behaviour of
the non-indigenous species present. Further research is required to
strengthen the evidence of these results and to gain a deeper under-
standing of the (long-term) development of fouling fauna on floaters of
offshore solar farms. Finally, attention should be given to the cumulative
effects of offshore renewable energy infrastructure. When considered
together, wind farms, solar farms and other artificial structures may not
only influence species dispersal patterns but also offer opportunities to
enhance ecosystem services, such as food provisioning as offshore wind
farms can provide an attractive habitat to multiple commercial species
due to the increased food and shelter availability (Hooper et al., 2017).
Adopting a holistic, ecosystem-based perspective will be essential to
maximize the environmental benefits while mitigating potential risks
associated with large-scale offshore developments.
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