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Offshore wind farms (OWFs) offer several advantages over land-based turbines as a climate change intervention, including
greater scale, access to more consistent wind, and reduced conflicts with other land-based infrastructure. Thus, they are among
the most efficient forms of wind energy. However, OWFs affect marine animals, especially invertebrates that live on or in the
seabed and in reefs. OWFs affect aquatic invertebrates in different ways through sound, electromagnetic fields (EMFs), sediment
disturbance, artificial reef creation, and trawling. This manuscript draws on peer-reviewed literature, government reports, and
scientific studies to analyze several key interactions between OWFs and marine invertebrates. Case studies elaborate on the key
impacts and describe ways to mitigate negative impacts and enhance positive ones. The review finds a wide array of positive
and negative impacts on marine invertebrates affected by OWFs, ranging from ecosystem benefits to life-threatening effects.
While sound, electromagnetic fields, and sediment disturbance can negatively affect some organisms, artificial reefs and trawling
restrictions can benefit them. Still, information on OWFs and their relationships with invertebrates remains insufficient to
develop fully concrete strategies. Major areas in need of further research are identified and clearly described, specifying which
solutions make the most sense given the current state of science on OWFs and their impact on marine invertebrates.
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Introduction
Climate and Renewable Energy Context

Renewable energy is necessary to address the climate crisis,
but each technology, including offshore wind, can negatively
affect local ecosystems. The climate crisis is an ongoing is-
sue caused by the continued use of fossil fuels to meet energy
needs. When burned, these fossil fuels release carbon diox-
ide and other compounds, which, in turn, increase the green-
house effect in the atmosphere. A higher concentration of
these chemicals helps absorb heat from the sun and release
it in all directions, rather than just back into space, thereby
reabsorbing more heat in the atmosphere and oceans and con-
tributing to global warming1. This affects many ecosystems
and contributes to extreme weather events.

Why Offshore Wind

To reduce the chemical concentration in the atmosphere, one
key approach is to significantly reduce reliance on fossil fuels
by switching to renewable energy sources. Among these are
geothermal, solar, and wind energy, three of the most promi-
nent renewable technologies. Geothermal energy uses heat
from beneath Earth’s surface to generate electricity. It is usu-
ally highly restricted to specific locations, primarily near vol-
canoes and areas with high geothermal activity. Any country
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without access to these sources has to dig deep to find alter-
natives for heating2. Solar energy can be harnessed in most
locations. Still, it is not available at night and is less efficient
and less cost-effective than fossil fuels in terms of availability
and production price3.

Wind energy captured by turbines can be collected at differ-
ent times throughout the day, but it is also very unpredictable.
Thus, the most efficient turbines are typically located in areas
with consistent wind levels4. They also occupy a lot of space,
which is inconvenient and undesirable for tightly packed ur-
ban areas5. For example, a research study, based on a re-
view of 62 companies, found that community opposition is
the biggest challenge to wind turbine projects6. Due to com-
munity pressure and urban/rural distribution, Offshore Wind
Farms (OWFs) have become increasingly prominent. OWFs
are wind turbines placed offshore in areas with ample wind
and space. Wind energy is considered more efficient and of-
fers long-term economic benefits, especially offshore; in gen-
eral, it produces 11 grams of CO2 per kilowatt-hour of elec-
tricity7, while coal produces 980 grams8 and natural gas pro-
duces 465 grams9. Coal’s footprint is 90 times larger than
that of a wind turbine, and natural gas is more than 40 times
larger. Wind generation also has a $99/MWh social benefit
and a $37/MWh health benefit10. In fact, 91% of new renew-
able energy projects were found to be more cost-effective than
fossil fuel alternatives. One reason is that the cost of battery

© The National High School Journal of Science 2026 | 1



storage declined by 93% from 2010 to 2024, largely due to the
adoption of optimized production techniques11.

OWFs typically spin their turbines faster than onshore tur-
bines because of larger, more consistent wind speeds. Off-
shore wind turbines can reach speeds of up to 9 m/s because
their capacity factors exceed 50%, while onshore turbines op-
erate at lower wind speeds around 5-8 m/s and have capacity
factors of 30-40%12. Coastal areas usually require more en-
ergy because 40% of the U.S. population lives in coastal cities,
underscoring the need for these OWFs13. However, OWFs
also have disadvantages, such as greater maintenance require-
ments. For example, it is challenging to build strong turbines
in waters deeper than 200 feet. Those closer to the shore, in
shallower waters, may see lower property values because wind
farms appear unappealing, similar to wind turbines on land.
Offshore wind farms also have the disadvantage of being more
susceptible to destruction by tropical storms and waves. They
also affect marine animals, particularly fish, mammals, and
invertebrates14.

Research Questions

Offshore wind farms may influence marine invertebrates and
the ecosystems they support, raising two central questions:
how these installations affect invertebrate behavior, survival,
and habitat dynamics, and which approaches can reduce nega-
tive impacts while strengthening potential ecological benefits.

The Biology/Taxonomy of Invertebrates
Invertebrates are animals without backbones. Some are ses-
sile (they cannot move), while others are not. However, the
majority are found on the ocean floor and are therefore most
disturbed during OWF construction. They are also commonly
found in reefs. Invertebrates play a crucial role in human soci-
ety as a food source and are vital to the overall functioning of
the food web. They also provide essential ecosystem services,
including water filtration, organic matter processing, habitat
creation, carbon sequestration, and nutrient cycling15. Inver-
tebrates use sound to detect predators and prey, employ elec-
tromagnetism to migrate, navigate, and detect predators and
food, and rely on instincts and habitual behavior16.
OWFs Impact Pathways Relevant to Invertebrates
Studies show examples of OWF effects on invertebrates; how-
ever, research in this area remains limited. Even so, OWFs are
generally known to have a few major impacts on marine or-
ganisms. First, OWFs create underwater acoustics, which can
be detrimental to many organisms at higher frequencies. Sec-
ond, OWFs create artificial reefs, a possible benefit for inverte-
brates. These reefs can foster growth in areas where sediment
disturbance or the destruction of existing reefs has occurred
due to turbine installation. Many countries already create ar-
tificial reefs, and OWFs could expand this practice to foster
protected environments for marine fauna. Artificial reefs from

turbines are protected because trawling, a significant factor in
the decline in invertebrate biodiversity, is generally not permit-
ted in OWFs worldwide. However, funneling may increase the
frequency of trawling elsewhere. Because wind turbines gen-
erate electricity, they may create electromagnetic disturbances
that hinder invertebrate migration routes or affect other bodily
functions. Lastly, when turbines are placed on the seafloor,
sediment disturbance affects many animals, including sessile
species14,17.

Methods

This manuscript uses a targeted narrative review to synthesize
evidence on the effects of offshore wind farms (OWFs) on
marine invertebrates and to identify mitigation and enhance-
ment strategies. Sources were selected to represent key OWF
impact pathways relevant to invertebrates, including construc-
tion and operational noise, electromagnetic fields (EMF) as-
sociated with subsea cables, seabed disturbance from founda-
tions/anchoring and cable burial, artificial reef colonization on
turbine infrastructure, and indirect effects mediated through
fisheries displacement and trawling restrictions.

Evidence was drawn from peer-reviewed empirical studies,
government-funded studies, meta-analyses, and OWF moni-
toring reports. Findings were organized by impact pathway
and by project phase (siting/design, construction, operation),
and mitigation strategies were evaluated in relation to the
mechanisms they target and the feasibility of implementation.

The literature search was conducted using Google Scholar
and Google Search. Search terms used were primarily based
on the different impact pathways OWFs have on invertebrates.
For example, “Floating offshore wind farm marine inverte-
brate effects” or “Artificial sound effects on marine inverte-
brates.” Additional relevant studies were taken from the ref-
erence lists of other papers. The criteria for inclusion were
peer-reviewed papers; government-funded original research,
when primary source data was sparse; or publications that di-
rectly address offshore wind farms and their effects on inver-
tebrates, all of which were evaluated on their relevance to the
topic, methodological clarity, and whether their findings were
directly or closely correlated to offshore wind farm impacts.
Sources were excluded if they were not relevant to offshore
wind farms. Study-level details about study type, life stage,
exposure source, setting, sample size, control, measured out-
come, and evidence provenance are provided in Supplemen-
tary Table 1.

Results: Effects and Mitigation Options by Im-
pact Pathway
Sounds and Vibrations

Pile driving is the most common method for installing turbines
in water. It is used to place not only turbines, but also wharves,
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bridges, gas and oil rigs, and other large marine structures.
Once a single pile has sunk to the seafloor, it is then struck
by a hydraulic hammer many times, sometimes up to 5,000,
before being driven into the seafloor. For OWFs, this is re-
peated until every turbine is under the seafloor, near bedrock.
A study finds that between the area of impact and 2km away,
impacts can create between 2 and 100KHz of sound18. This
method has obvious repercussions, but the primary one is the
impact on sound and vibrations. Studies conducted in an iso-
lated chamber were performed to determine how many pile-
driving strikes are required to damage a fish’s swim bladder.
Even if fish are exposed to just eight strikes, damage is dealt
to them through damage to tissues, hair cells, and swim blad-
ders. The higher this number gets, the more damage the fish
gets19,20. This is an analogous example of how pile-driving
strikes can damage fish. As invertebrates do not have swim
bladders, more studies are needed to determine which parts of
invertebrates may be damaged and to what extent.

Vibro piling is similar to conventional pile driving in that
it uses a constant but smaller force applied through vibration
to drive a turbine into the sediment. Still, it cannot penetrate
as deeply as pile driving. There is little data on the effects of
vibro piling on marine animals and invertebrates21. Given the
lack of studies specifically investigating vibro piling, we can
look to analogous examples of disturbances caused by human
activity and heavy machinery.

One meta-evaluation paper summarizes 473 data points
from the literature on the effects of acoustic stimuli on ma-
rine invertebrates. It specifically addresses ship noise and
seismic surveys, finding that noise from shipping routes has
severely affected many invertebrate species. Specifically,
shipping noise altered the foraging and antipredator behaviors
of marine invertebrates, especially Cephalopoda and Malacos-
traca. Cuttlefish changed color and raised their arms more fre-
quently, and shore crabs were disrupted in feeding and were
slow to find shelter. In terms of seismic surveys, the overall
health and stress levels of the invertebrates increased. This
was determined by measuring hemocyte counts in inverte-
brates, a reliable indicator of stress. Shipping, seismic sur-
veys, and offshore wind farms are similar in that they all in-
volve large amounts of anthropogenic sound21. If pile driving
can cause physical damage to fish and shipping noise can neg-
atively affect invertebrate behavior and increase stress, a prob-
able conclusion may be that pile driving and vibro piling over
a long period could negatively affect invertebrate behavior.

There are many alternatives to pile driving, but they are
not used because they are expensive. For example, gravity-
based foundations are turbines that are only weighed down at
their base and not driven into the seabed. A study was con-
ducted off the coast of Blyth, Northumberland, using cetacean
echolocation recorders over three years: the year preceding
installation, the year of installation, and the year following

installation. It was found that porpoises and dolphins were
not as affected by these gravity-based foundations and were
only temporarily deterred from approaching them during con-
struction22. This study’s results could be applied to marine
invertebrates, through gravity-based foundations lessening the
sound-based impacts of OWF construction, but more research
is needed. Another type of foundation is the suction founda-
tion, which uses varying amounts of suction buckets, with wa-
ter being pumped out of the buckets. The pressure difference
pulls the foundation into the soil. This creates very little noise,
unlike gravity-based foundations, but few OWFs currently use
suction-based foundations23. The foundation that could pro-
duce the least underwater noise, however, is the floating foun-
dation because most of it is above sea level.

The second source of noise that turbines create is from their
operation. Operational noise is considerably lower than con-
struction noise but is constant throughout the turbine’s lifes-
pan. In the future, a study finds that wind farms will switch
from multiple smaller turbines to fewer larger ones24. Even
if this reduces sound detected from houses or cities, it will af-
fect ocean invertebrates much more. A study of 48 different
wind turbines with electrical power up to 3.6MW finds that
larger turbines emit lower-frequency noise, which is more as-
sociated with vibrations and sound resonance25. These lower
frequencies are the primary ones that affect the behaviors of
ocean invertebrates. More specifically, large OWFs can create
as much, if not more, noise than a large cargo ship26.

For example, a lab study that tracked the activities of
three bioturbators in artificially noise-polluted areas on the
North Atlantic Coast tested marine invertebrates, particu-
larly Corophium volutator, Arenicola marina, and Limicola
balthica, on their burrowing activities when exposed to low-
frequency noise around 100-200 Hz for six days. C. volutator
was the only species out of these three to have been negatively
affected by the anthropogenic noise compared to its control
group. However, this study did not measure particle motion,
an important aspect of marine invertebrate noise detection. C.
volutator contributes to sediment reworking and disturbances
necessary for the ecosystem to thrive. If they cannot dis-
tribute nutrients in the sediment, this may lead to eutrophi-
cation later27. A meta-analysis on the effects of sound on ma-
rine invertebrates concludes that anthropogenic noise impairs
many physical and behavioral processes in various species.
Yet results vary based on numerous factors such as species,
frequency, and exposure type, and many different response
types were observed. Overall, anthropogenic noise had neg-
ative effects on marine invertebrates, whereas environmental
noise had a positive effect28. Another study shows that when
exposed to continuous noise at 1000 Hz, a sea slug species,
Onchidium reevesii, can have its righting reflex impaired29. A
fourth study finds that 18-month-old oysters also transiently
close their valves at frequencies between 10 and less than

© The National High School Journal of Science 2026 | 3



1000 Hz, with the highest results between 10-200 Hz. This
study did not examine water particle motion, but it did exam-
ine oyster shell acceleration. They found that at 10-80 Hz, if
the shell accelerated around 0.02 m/s2, 30% of oysters closed
their valves. So, the more the shell vibrated, corresponding
to the strength of exposure, the more likely the oyster was to
close its valves, with the frequency being the same30. A meta-
study, covering many reports and papers on the subject, finds
that the underwater noise a turbine produces during operation
is below 1 kHz26. Since many of the fauna mentioned above
can detect noises at or below this acoustic level, depending
on level and exposure, all of these fauna and more may be
affected by turbines, but more experimentation and research
using different kinds of exposure and different species is nec-
essary to come to concrete conclusions, as acoustic frequency
matching doesn’t always mean there will be the same level of
impact. Overall, there are many ways to deploy turbines, but
those placed on the seafloor usually generate significant noise.

Electromagnetism

Numerous precautions already mitigate the risks posed by
electromagnetic fields from wind turbines. For example, wind
turbine cables are covered and shielded and are sometimes
even buried31. The grounded metallic covering on the cables
absorbs much of the electric field but does not affect the mag-
netic field. Typically, these cables are buried 3-6 feet beneath
the seafloor32.

Generally, marine fauna use magnetic fields for direction and
orientation, and some predators use electric fields to sense
prey, while prey also use electric fields to sense predators14.
The main impacts of cables would be creating an electric field
that attracts predators or repels prey, disrupting navigation
by affecting the magnetic field, and affecting fauna growth.
A study finds that when skates and lobsters were exposed
to varying electromagnetic fields, their movements changed.
Specifically, the skates exhibited an unnatural increase in for-
aging behavior, while the lobsters showed a more subtle in-
crease. This study was conducted along the Cross Sound Ca-
ble between Connecticut and Long Island and at the Neptune
Cable between New Jersey and Long Island33. Another study
that measured nuclear abnormalities in the blood of rainbow
trout, ragworms, and Baltic clams found that rainbow trout
hatched a day earlier after exposure to magnetic fields. How-
ever, the trout also showed faster growth, stronger immunity,
and greater disease resistance. There was no effect on the mor-
tality rate of the trout as well. Benthic organisms were also
found to be affected at the cellular level by high levels of elec-
tromagnetic radiation34. However, this research doesn’t show
whether these changes are necessarily harmful to marine in-
vertebrates; it only shows a few examples of invertebrates that
may be affected and change their behavior as a result.

Sediment Disruption

As mentioned in the sound section, placing wind turbines on
the seafloor has numerous repercussions. Other than sound,
though, its main impact is on the sediment structure. Gener-
ally, ocean sediment is in constant motion, changing from day
to day as ocean currents and marine life disturb it. Thus, often,
disturbed sediment returns to its natural position. In a study of
six turbine foundations in the Belgian part of the North Sea,
recovery was rapid the year after gravity-based foundations
were placed; however, benthic species and ecosystems need
longer to recover and may be massively shifted in certain sit-
uations35. A study of the Block Island Wind Farm found that
construction marks were still present at the first turbine, while
the other two didn’t have any, showing that benthic disrup-
tion impacts are different between OWFs. Recovery in soft-
bottomed areas may be faster, but the number of species af-
fected may be larger36. Ecosystem recovery is not always
represented by recovery of topography and may recover at a
different rate than topography recovery, and may be perma-
nently altered.

Among installation types, pile driving and other techniques
that involve pushing the turbine into the sediment usually
cause minimal sediment disturbance35. This technique, how-
ever, may cause the death of benthic fauna through crushing
and smothering17. Gravity-based foundations could disturb
much more because they require a flat surface for the turbines,
created by dredging35. However, in another study at a dredge
site in the southern North Sea, researchers found that dredging
had a limited overall impact on benthic organisms37. When
installed, OWF cables are buried by digging a large trench
in the sand, extending from the shore to the turbine. This
can create a disturbance of 2 to 8 meters between the two
sides of the cables, thereby displacing a significant amount
of sediment38. However, if OWF installers do not bury the ca-
bles, they would increase electromagnetic pollution, creating
a trade-off between sediment disturbance and magnetic dis-
turbance31. Sediment disturbance usually resolves itself, but
the extra magnetic field persists; further research is needed on
the overall impacts of burying OWF cables. Sediment sus-
pended in the water column from digging can also clog the
gills of suspension-feeding organisms as well as bio-irrigation
systems in Corophium volutator, according to two different
studies35,39.

Trawling

Offshore wind farms stop trawling to an extent, as fishing is,
in many countries and locations, not allowed in offshore wind
farms. There can even be a 500m buffer around the OWFs
where trawling is not allowed, similar to the regulations in
Belgium14. This may also explain why biodiversity around
offshore wind artificial reefs is so high. However, much of
the current research focuses on fish species rather than inver-
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tebrates like lobsters, and on their impact in reducing trawling
around OWFs40. A study monitoring 6 OWFs in the Eastern
Irish Sea found that, in many of them, the fauna population
numbers increased when trawling restrictions were present.
For example, the Robin Rigg Offshore Wind Farm saw in-
creases in fish and lobster numbers after construction, com-
pared with other locations and the area before construction.
An OWF named Walney 1 off the Northwest coast of England
also experienced decreases in the catch rates of a particular
species of lobster. However, this doesn’t necessarily reflect
biodiversity changes, given the decreases in catches and in-
creases in fish and lobster numbers. It may have simply been
a fluctuation that was unrelated to trawling restrictions41.

Artificial Reefs

For thousands of years, humans have created bamboo and leaf
structures to attract fish to catch. Now, many countries world-
wide create artificial reefs using modern technologies to re-
store their environments42. Now, OWFs can use their base or
any appendages on their base to foster the growth of artificial
reefs. OWFs can use their hard bases to create surfaces for
benthic organisms to grow on, prompting growth of a habitat
and ecosystem in the location that wasn’t there previously. A
study found that blue mussels had 7-18 times the biomass on
OWF turbine pillars than at the bottom of the turbine, show-
ing that turbines can promote growth of certain invertebrates
like mussels in certain locations. The study also found that this
mussel biomass created “hot spots” of biological activity. This
is because they consume plankton and excrete feces, enriching
the sediment and altering the local ecosystem. However, the
mussels could also promote oxygen deficiency under certain
conditions43.

Artificial reefs created by OWFs also have potential nega-
tives for invertebrates. One substantial negative impact is col-
onization by non-native species. A study reviewing various
offshore wind farms and the presence of non-native species
found that the data analyzed did not support the claim that
OWFs are expanding the occupancy and numbers of non-
native species. A few were present at certain OWFs, but
overall, more research is needed to draw a safe conclusion
about OWFs and non-native species44. Another negative im-
pact could be that artificial reefs can harbor species that usu-
ally wouldn’t live in a location due to its sandy bottom and
lack of hard surfaces. For example, in a study, echinoderms
were often found to be on wind farms regardless of loca-
tion40. Artificial reefs may have more negative impacts, but
more invertebrate-specific research is necessary.

Food Web Interactions with Invertebrates

Invertebrates comprise more than 95% of all animal species on
Earth45. Because there are so many of these organisms, they
are very important to the environment. Additionally, many

invertebrates have high reproductive rates, allowing them to
quickly recover population levels after losses from unexpected
events, such as human activities or extreme weather. Even
though offshore wind farms do not have too significant an im-
pact on invertebrates, they can still have a significant impact
on large areas of the seabed. This could affect ecosystem equi-
librium, leading to decreased biodiversity46.

Once invertebrates are affected, their decline will affect
other animals, such as fish or mammals that eat them, or the
plants and nutrients they consume will experience an explo-
sion in population. The loss of all invertebrates in any ecosys-
tem will cause the entire food web to collapse. Yet strong ar-
tificial reefs and anti-trawling laws can significantly mitigate
this40,47. Additionally, as discussed above, OWFs do not de-
stroy entire invertebrate populations and, at most, affect only
a few species.

Discussion

Mitigation and Enhancement Strategies

Marine invertebrates are essential to ecosystem health; there-
fore, the negative impacts of offshore wind on them must be
mitigated. They are an integral part of the food chain, and
some may be keystone species48. However, this manuscript
also proposes solutions in the following sections and focuses
on a few possible positive impacts that OWFs could have
on marine invertebrate communities. First, a positive impact
could be artificial reef creation. For noise, using vibro piling
or drilled foundations instead of pile driving may help reduce
sound. For electromagnetism, better shielding for cables may
help. To reduce sediment disruption, it may be best to use
floating turbines. For trawling, additional regulations or poli-
cies will be needed to address overfishing at sites adjacent to
OWFs. When considering the three negatives first proposed in
this review, floating turbines could be a viable option for mit-
igating them; however, beyond these negatives, floating tur-
bines may create other issues that this review did not focus
on.

Sounds and Vibrations

Aside from using vibro piling or drilled foundations, one pos-
sible method for an OWF to not create constructional noise is
through floating turbines, due to floating turbines having only
one smaller piece of contact with the seafloor, weights/anchors
that keep it in place, and only requiring weights to keep the
turbine from moving away due to the ocean currents49.

Electromagnetism
In terms of mitigation, a study finds that one of the most effec-
tive ways to reduce electromagnetic pollution is to systemati-
cally regulate the types of cables and electronics used in wind
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turbines, thereby preventing faulty equipment or other leaks50.
For example, EMC (Electromagnetic Compatibility) approval
is required by law in the EU and in many countries, including
the US, China, and Canada51. Although EMC doesn’t have
ecological goals, methods countries use, such as shielding or
other control measures, could also mitigate effects on nearby
invertebrates. Additionally, further improvements in electri-
cal equipment will help mitigate these effects, especially as
wind turbines become more widespread and create additional
electromagnetic fields and pollution50. Because electromag-
netic field strength depends on distance from the cable, run-
ning multiple cables in parallel could reduce the magnetic field
area and make the diminishing effects of distance more pro-
nounced52. Another possible way to mitigate electromagnetic
effects is to use floating turbines with inter-array cables. These
cables are in the pelagic zone, rather than the benthic zone,
which could affect a completely separate group of fauna. This
could mitigate impacts on benthic organisms but would affect
an entirely new group of surface fauna16.

Sediment Disruption

Overall, sediment topography impacts, such as sediment
clouds, are usually temporary over a few years. In certain
environments, recovery can be quicker, as shown by the six
turbine foundations in the Belgian Sea, which returned to their
original topography 2 years after construction, as well as the
Block Island Wind Farm’s construction marks35,36. However,
one way to mitigate these impacts is to use floating wind tur-
bines. Sediment disturbance would still be present, but would
be substantially mitigated, and would only come from, firstly,
dropped anchors or moorings, which require less sediment dis-
ruption to install and would have a smaller impact than pile
driving or gravity-based foundations53. Second, floating tur-
bines also use floating and undersea cables, reducing the need
to dig as many trenches to bury cables; however, undersea ca-
bles may still be necessary in some situations. An analysis
study on floating turbines finds that, overall, they have reduced
seabed impact compared to fixed-bottom wind farms54.

Trawling

In terms of solutions, few policies and agreements exist be-
tween offshore wind farms and the fishing industry, leav-
ing this area relatively under-researched and under-addressed.
There is a wealth of content specifically on the fishing indus-
try, as well as regulations that could restrict trawling. Floating
wind turbines also do not alter trawling restrictions, and trawl-
ing is usually restricted near them as well, though there can
be exceptions14. For example, the Hywind floating offshore
wind farm in Scotland has designated fishing areas at least
200m from the turbines. They tested this through a fishing
trial, assessing how fishing would work around the turbines,
and found it successful in the designated fishing zones55. It is

also important to note that if fishing is restricted near turbines,
it may be redirected more strongly to other areas, possibly cre-
ating larger ecological impacts there. Overall, more policy
clarity and more research are necessary when discussing the
impact of OWFs.

Artificial Reefs

A strong strategy to encourage the creation of artificial reefs
is to create more surfaces for sessile organisms, such as mol-
lusks, plants, and mussels. Multiple guidelines should be fol-
lowed for effective implementation. First, they should not be
made out of brittle, non-durable materials and should not be
small, unsecured structures. When creating artificial reefs, the
reefs should be: stable in normal to large storms; made from
long-lasting, solid, and non-toxic materials56; designed to
have texture for the recruitment of corals, sponges, and other
organisms; designed to provide a high amount of structural
complexity; and designed to blend in with natural reefs42.

To meet these criteria, any artificial reef created under off-
shore wind farms could include additional appendages on each
turbine, thereby maximizing the surface area for sessile organ-
isms, such as coral, to grow. In terms of materials, steel, steel
rebar, concrete, or cement would be best56. Mineral accre-
tion devices, which primarily consist of steel rebar with low-
voltage electricity passed through them, can expedite coral
growth through electrolysis. This process prevents the steel
from corroding or rusting and causes minerals to attach to the
metal. This creates optimal conditions for coral to grow and
withstand disturbances more effectively. Pairing artificial reef
substrates with devices like these would help sites thrive57.

One drawback of adding artificial reefs to offshore wind
farms is cost. The process of sinking a ship to create an ar-
tificial reef can cost up to $2 million, depending on the ship’s
size. A ship sunk in Australia to create an artificial reef re-
quired AU$200,000 in annual maintenance for 10 years47. If
an artificial reef were created under an OWF, it would not be
on this scale, but the turbines themselves would already pro-
vide some form of surface for coral to grow on. An OWF,
unless it is floating, would already have a large artificial reef
base that is perfect for organisms to grow on. Typically, when
an artificial reef is created, it becomes a tourist destination,
with revenue helping offset the upfront cost and maintenance.
However, that liberty is absent from offshore wind farms,
which are typically not marketed as tourist destinations unless
they are located relatively close to shore.

Specifically, a study in France that used questionnaires, sur-
veys, and interviews finds that offshore wind farms can in-
crease tourism when located close to shore and when related
tourist activities are present. Between 5 km and 12 km off-
shore, tourism revenue decreases because coastal aesthetics
are impaired. However, beyond 12km, tourists were mini-
mally affected by the OWF and did not seem to notice it. How-
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ever, the study also found that if the wind farm is located about
5 km offshore and is accompanied by a strong environmental
policy and associated recreational activities, there would be no
loss of tourism revenue, but rather a gain. Thus, installing arti-
ficial reefs in offshore wind farms closer to shore will increase
revenue and, consequently, reduce costs, whereas installing
them more than 5 km offshore will increase costs58.

Thus, artificial reefs will require substantial funding to
maintain if added to offshore wind farms far from shore. Even
if artificial reefs are used to mitigate damage to the seafloor
caused by turbines, they still support unique food webs and
ecosystems. Since turbines are vertical, organisms that grow
well on vertical surfaces, such as mussels, will likely domi-
nate. This could influence food webs and other environmental
factors59. This highlights the need to create flatter, horizontal
appendage surfaces on offshore wind farms, raising questions
about manufacturing and maintenance costs. In an ideal sce-
nario that fully emphasizes the benefits of artificial reefs while
keeping costs as low as possible, every turbine would include
horizontal appendages made from an easily manufactured yet
very hardy material. There would be enough appendages to
simulate a healthy reef without any single species dominating,
yet not so complex as to be prohibitively expensive. If this
cost is too high, implementing artificial reefs in OWFs near
shore will still be affordable, given tourism.

Cumulative Impacts

These impacts could be synergistic in ways that change the
effects on marine invertebrates. For example, different place-
ment methods for the base of offshore wind turbines, such as
pile driving or vibro piling, can affect both noise and sedi-
ment disruption at the same time. During pile driving, noise
is extremely loud and highly disruptive to seabed sediments,
creating a period during construction when noise levels are
high and sediment disruption is also very high, where both
work together to affect marine invertebrates. Changing how
the base is constructed also affects its shape, which changes
the surface area available to create artificial reefs. Also, bury-
ing cables can mitigate the immediate electrical field they cre-
ate, but it can also disturb sediment, making this an either-or
situation where attempts to mitigate EMF impacts disturb sed-
iment. Artificial reef effects may also be affected by the sever-
ity of trawling restrictions around the turbines, as less severe
trawling restrictions may impact the biodiversity or ecosystem
balance of the artificial reefs. Evaluating each impact individ-
ually does not capture the full extent of the impacts OWFs can
have.

Floating Turbines

One of the most practical solutions to address, or at least par-
tially mitigate, the problems listed above is a floating offshore
wind farm. There are four main types. The spar-buoy type has

a single turbine mounted on a thin tower, attached to multiple
moorings in all directions. The tension-leg platform type fea-
tures a floating platform that supports the wind turbine, similar
to an oil rig. The semi-submersible type has several upright
tubes connected by horizontal tubes60,61. Lastly, the pontoon
type is a large pontoon carrying multiple structures and wind
turbines. It can almost be called a man-made island. Float-
ing OWFs are mainly above the water, unlike fixed-bottom
turbines, which are mainly underwater, so they have less un-
derwater surface area; because they have less impact underwa-
ter, they contribute less to potential benefits such as artificial
reefs61.

Floating turbines use mooring lines as well as anchors to
stay in the same location in the sea, and also have wires under
the water to move electricity, creating other possible problems
that fixed-bottom turbines wouldn’t normally create. How-
ever, because they require less pile driving and other seabed-
driving work, there will be less construction noise and less
sediment disruption. In terms of operational noise, they cre-
ate the same amount of noise as turbines fixed to the seabed
close by, but since they are farther up from the surface, the
fauna under the water could be less affected. Many more elec-
tric cables would also be pelagic and thus would disturb fewer
invertebrates on the seabed, instead shifting possible impacts
mainly to animals in the water column. They would also dig
fewer trenches for the cables, disturbing less sediment. Trawl-
ing laws around floating turbines would probably be similar
to those for fixed-bottom OWFs. Because there are far fewer
floating turbines than fixed-bottom turbines, more research is
needed on current and future floating turbines to gather more
concrete experimental data on the positives and negatives of
floating wind farms compared to fixed-bottom wind farms.
Therefore, floating wind turbines could be a possible way to
mitigate negative effects, but currently there isn’t enough data
to make a fully conclusive claim about concrete mitigation.

Conclusion and Future Directions

In conclusion, OWFs can have numerous impacts on inverte-
brates. Impacts include, but aren’t limited to: sound, EMFs,
sediment disturbance, trawling, and artificial reefs. Each of
these has varying effects on marine invertebrates, yet com-
prehensive research on each impact for specific invertebrate
species is scarce. Many studies and experiments focus on fish
and other fauna, but fewer on invertebrates, making it difficult
to draw concrete conclusions. In terms of mitigation, floating
turbines could also address the first four negatives of offshore
fixed-bottom turbines, but more research is needed to support
this claim. Many research gaps remain, particularly on OWF
installation methods and their effects on invertebrates, as well
as the direct effects they could have on benthic invertebrates
beneath the sediment. Data on floating wind turbines are also
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Table 1 Summary of Impact Pathways
Impact Pathway Affected Invertebrate

Groups
Magnitude of Effect Duration Mitigation Options Evidence Quality

Sound Cephalopods, Gas-
tropods, Bivalves,
Crustaceans

Variable; Behavioral Changes;
Stress; Some Species Show No
Response

Highly Variable; Construc-
tion Noise is Usually Tempo-
rary; Low-Frequency Noise
From Operation Impacts are
Long-Term

Floating Turbines; Differ-
ent Methods of Stabilizing
Base

Moderate; Multiple Laboratory Ex-
periments; Multiple Meta-Analyses;
Many Analogous Examples (Mainly
in Construction Impacts)

EMFs Crustaceans; Bivalves;
Polychaetes

Variable; Behavioral Changes;
Not All Impacts Negative

Long-Term; Depends on
Proximity

Floating Turbines Due to
Pelagic Cables; Burying
Cables; Shielding Cables;
Cable Configuration

Low – Moderate; Some Field Stud-
ies and Experiments; Some Anal-
ogous Examples; Vast Majority of
Responses Uncertain; Little to No
Experimental Data Specific to Wind
Farms

Sediment Disrup-
tion

Benthic Invertebrates;
Specifically Mentioned
Polychaetes

Variable; Crushing; Smothering;
Immediate Mortality; Visibility
Impairment; Responses Depend
on Construction Method and
Speed

Topography Changes are
Short Term; Ecosystem
Recovery May be Long
Term; Duration Varies by
Site

Floating Turbines; Differ-
ent Methods of Stabilizing
Base

Moderate; Many Studies on Topogra-
phy Change, Few Studies on Specific
Invertebrate Responses

Trawling Commercially Fished
Crustaceans

Variable; Potential Population
Increase; Potential Environmen-
tal Protection

Long-term Depending on
Specific Site Regulations

Clearer Policies; Addi-
tional Regulations

Low-Moderate; Some Field Surveys;
Few Studies Specifically on Inverte-
brates; Causal Effect Very Uncertain

Artificial Reefs Sessile Invertebrates;
Bivalves; Corals

Variable; Generally Positive;
Increased Abundance of In-
vertebrates and Biodiversity;
May Have Invasive Species
Introduction; Varies by Size

Long-Term Increased Surface Area;
Material Type; Min-
eral Accretion Devices;
Tourism

Moderate-High; Multiple Generalized
Field Studies; Multitude of Direct
OWF Evidence; Lack of Evidence
Specific to OWFs and Invertebrates
Combined

limited, especially regarding their effects on invertebrates.
Wind energy remains a viable option for addressing the sig-

nificant problem of climate change. At this point, it is best to
weigh the severity of climate change impacts against those of
offshore wind farms on invertebrates (and other fauna). How-
ever, this weighing of impacts is not fully feasible due to a
lack of data on OWFs, especially floating OWFs. A possible
method to gather data is to conduct surveys across all OWFs
before, during, and after construction, and to deploy various
cameras and radars to monitor changes or consequences. Ad-
ditionally, further testing will be required to investigate each
of the five impacts mentioned above and their specific rela-
tionship with marine invertebrates. More lab data on specific
species and their reactions to EMFs, sound, and sediment dis-
ruption should also be prioritized along with the physical sur-
veys and studies done at OWFs.
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