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The potential ecological effects 
of habitat gain and loss posed 
by offshore wind farms 
 

 

 
The Netherlands Environmental Assessment Agency defined different 
scenarios on the scale-up of offshore wind farms (OWFs), differing from 12 
to 60 GW in 2050. The last scenario, considering the most sustainable 
energy with the assumption of 9 MW/km2, predicts that 11% of the Dutch 
North Sea will be covered by offshore wind farms in 2050 (Matthijsen et al., 
2018). 
 
Inside the offshore wind farms, this will imply one turbine every kilometre, 
with a tip height   of almost 200 meters. Under water, hard substrate in 
the form of a monopile and scour protection with a diameter of 30-50 m 
is introduced every kilometre. New to the offshore    system are intertidal 
habitats. For species with small niches the changes in habitat due to 
the placed structures and substrate can mean habitat loss or 
fragmentation compared to their current habitat, while other species 
can gain available space or adapt to this altered habitat. Changes due 
to habitat gain or habitat loss can induce shifts in distribution of certain 
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species and in the food web. Climate change,   however, is doing the 
same. Both habitat change and climate change can be supportive in 
the spread of non-native or invasive species. This section focusses on 
the impact of habitat modification for species (groups), but is closely 
linked to changes in the abiotic system, which discusses the more 
primary changes in the ecosystem  due to offshore wind farms. 

 
Habitat gain 
The introduction of hard substrate has been a subject of discussion 
relating to nature restoration (or enhancement) in the North Sea. There 
used to be large areas with naturally  occurring reefs in the southern 
North Sea, including shellfish and tubeworm reefs, stones and peat 
deposits (Olsen, 1883). Some types of hard substrate are therefore native 
to the North Sea, but almost all has disappeared due to bottom trawling 
fisheries, although  diseases and abiotic changes have helped decrease 
the biogenic reefs (Smaal et al., 2015). Hard substrates increase habitat 
complexity, availability of shelter places and    attachment opportunities, 
thereby attracting many other species, which in turn attract their 
predators. Many of these ‘biodiversity hotspots’, compared to their 
sandy bottom surroundings, might act as stepping-stones for species 
distribution. It will be easier for species to distribute to other areas and 
potentially further offshore than they would normally reach (De Mesel et 
al., 2015; Van Duren et al., 2017; van Moorsel, 2014). This might be seen as 
beneficial, but also increases the risk of spreading non-native invasive 
species, depending on numerous variables and local conditions. 
Another interesting consideration is that stepping-stones could 
potentially also attribute to genetic homogenisation (Boon et al., 2018). 
An attempt to explain population  structure of the native blue mussel 
using particle connectivity models was unable to confirm this relation 
and also did not find that distance increases isolation (Coolen et al., 
2020). A related consequence of habitat gain (and loss) is the change 
in food web dynamics that is likely to occur, but difficult to predict. 
 

Invertebrates 
So far, offshore wind farms have mainly been colonised by 
invertebrates, such as (small) crustaceans, mussels, starfish, hydroids, 
bryozoans and anemones (Jager, 2013). Besides aggregation sites, these 
areas could also act as nursery grounds, at least for edible crab (Krone 
et al., 2017). It has been found that communities settling on wind turbines 
and scour protection are showing a large overlap with assemblages on 
other man-made structures such as shipwrecks and platforms 
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(Coolen et al., 2018). Artificial and natural hard substrate communities 
only have about 50% overlap in species, therefore they could be 
considered as  different assemblages (Ashley et al., 2014; van Moorsel, 
2014). Even after longer periods of monitoring, macro benthic 
communities still seem to change compositions (Degraer et al., 2020). 
 

Fish 
The modified habitat is a chance for hard substrate associated fish 
species in the North Sea. In a study five years after construction of a 
wind farm, catches indicated that cod, pouting, long spined sea-
scorpion, common dragonet and bullrout were attracted to the hard 
substrate (van Hal et al., 2012, 2017). Also, species not caught in the area 
before were found;    goldsinny wrasse and grey triggerfish. Some days, 
high abundances of fish were observed near the monopiles, while during 
other days, fish were spread more equally through the offshore wind 
farm. Furthermore, seasonal patterns were found in the aggregation 
level of fish. Another study performed during the construction of an 
offshore wind farm confirms that cod and pouting are foraging and 
living locally and that there is some production, but agrees that it is not 
(yet) visible on a regional scale (Reubens et al., 2014). Besides the 
attraction of earlier life stages of fish, the vertical structures in the 
water column may also provide habitat for larvae from surface-
oriented fish, of which otherwise a portion would not  have made it to 
suitable coastal habitat (Wilhelmsson et al., 2006). 
 
The Horns Rev I and Belwind offshore wind farms seem to act as refugia 
for both hard and soft-substrate (dragonet, solenette, lesser weever 
and plaice) associated fish, as seen by data collected 7 and 8 years 

Nature enhancement 
Around the North Sea, multiple initiatives are making use of hard 
substrates and biogenic reefs to restore or enhance nature. As 
operational wind farms are zones where the sediment is not artificially 
disturbed, they are suitable locations for nature enhancement  
underwater.  
 
The Rich North Sea programme (2019-2023) aims to make nature 
enhancement standard practice in offshore wind farms. The programme 
is investigating methods (e.g. introducing flat oysters, designing artificial 
reefs) to support wind farm operators in these activities. 
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after construction  (De Backer et al., 2019, 2020; Stenberg et al., 2015). Fish 
abundance inside the area was found to be higher than outside and in 
the control areas. Also, relatively large plaice has been found in a 
Belgian wind farm (Vandendriessche et al., 2014). Overall, this indicates 
that potential disturbances from operating wind turbines on (hard 
substrate associated) fish, such as operational underwater noise and 
electromagnetic  fields are not strong enough to defeat the 
attractiveness of the monopiles and scour protection (Bergström et al., 
2013). 
 
Birds 
Birds are generally expected to suffer more from habitat loss than 
other species groups, but some bird species show  attraction towards 
offshore wind farms. This is often attributed to the roosting possibilities 
or to enhanced food availability due to the artificial reef effect or 
benthic communities colonizing the intertidal zone of the foundations. 
Examples are the great cormorants and great black-backed gull 
(Degraer et al., 2019). The downside of this attraction might include a 
larger risk of collision. A trade-off between attraction and avoidance 
might explain why most birds are found on the turbine foundations at 
the edge of the offshore wind farm (Petersen et al., 2006). 
 
Non-native invasive species 
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The risk of non-natives becoming invasive threatens native 
biodiversity. Non-native species could also bring parasites and 
infections that might be a risk to native species. This could lead to 
competition  for food or space, or indirectly, via the food web or due to a 
change in ecosystem functioning. Invasion of marine species is hard to 
predict and once established difficult or impossible to stop, especially 
with small creatures, such as parasites. Reproductive parameters and 
dispersal strategies, such as the abundance of larvae, pelagic time 
and currents determine to a large extend the spread of species. As 
succession on artificial hard substrates and wrecks takes at least five 
years on the Dutch Continental Shelf (van Moorsel, 2014), the result of a 
fight between native and non-native species will not immediately be 
clear in case of a quick invasion of available surface area.  
 
An example of an invasive non-native causing problems in some regions 
is the Pacific oyster. These oysters are capable of competing with blue 
mussels, thereby threatening mussel banks holding commercial value 
(Diederich, 2006). However, not every non-native is invasive and they 
can also co-exist with natives, which makes it more difficult to predict 
outcomes (Diederich, 2005). 
 
Some studies have been investigating the ratio of non-natives and 
natives, leaving ‘invasive’ out. At offshore artificial hard substrate, such 
as buoys, wrecks, wind turbines and oil and gas platforms, most 
species present are found to be indigenous to the area (Coolen et al., 
2018; De Mesel et al., 2015; Jager, 2013; van Moorsel, 2014). In research 
focussing mainly on the Dutch part of the North Sea, but including 
platforms and wrecks from neighbouring countries, just six out of 417 hard 
substrate species or species groups were classified as non-native (van 
Moorsel, 2014). One of them is only found on natural hard substrates, 
while the other five are only found on artificial substrates. Therefore, 
artificial reefs could be seen as relatively important for non-native 
species spread, but currently only in low species numbers. In 
comparison with shipwrecks, more non-native species have been 
found on artificial reefs with intertidal zones, likely due to differences in 
salinity, temperature  and light availability (Coolen et al., 2018; De Mesel et 
al., 2015; Van Duren et al., 2017; van Moorsel, 2014). Species living in these 
intertidal habitats fully rely on artificial structures for offshore survival. Six 
out of 26 species found in intertidal samples in two Belgian offshore wind 
farms were introduced species, two others were found to be range 
expanding (De Mesel et al., 2015).  
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It is quite certain that more offshore wind farms, just as oil and gas 
platforms, will make it easier for species to transport to other suitable 
areas if these are present. Minding the distances between North Sea 
artificial reefs, stepping-stone effects will be most important for 
epifaunal species with a propagule duration of several weeks (Shanks, 
2009). Ship hulls, floating debris and ballast water can also serve the 
distribution of non-native species (Drake & Lodge, 2004; Minchin et al., 
2006; NOAA, 2017). Submarine power cables are often buried and have so 
far not led to the spread of invasive species (Taormina et al., 2018). 
 
There is no consistent biodiversity monitoring of hard substrate in The 
Netherlands, which makes rapid detection of invasive species and 
response impossible. Biological control actions, such as physical 
removal or deploying biocides are not  considered applicable by experts 
(Giakoumi et al., 2019). However, useful information on this mitigation 
aspect is that complex and varied habitats are more resistant against 
non-native species (Van Duren et al., 2017). Outbreaks of one invasive 
species could be corrected in a healthy and biodiverse food web. 
 
Habitat loss 

Seabirds 
For seabirds, the physical and ecological change underwater could 
directly impact the availability or distribution of food. Potentially in 
combination with avoidance behaviour due to high standing 
structures, this could imply the loss of foraging grounds. The increased 
movements of vessels for maintenance may also result in some seabird 
avoidance of OWFs  (Petersen et al., 2006). As seabird species are 
protected by the Birds Directive, habitat loss due to OWFs can both be an 
ecological and a legal risk to certain populations. Calculations are 
therefore made in the environmental impact assessments per offshore 
wind farm site and in the ‘Framework for Assessing Ecological and 
Cumulative Effects’ (KEC). 
 
Using the Relative Displacement Score, from the extended Bradbury 
method, the added mortality is obtained for the affected seabirds 
(Bradbury et al., 2014). Next, a reference point to compare the impact on 
species populations is the use of the Potential Biological Removal (PBR). 
The PBR uses population abundance of a specific species, population 
status derived from the International Union for Conservation of Nature 
(IUCN) and recovery capacity, a threshold of additional mortality below 
which a population could still reach or maintain its optimum sustainable 

https://www.noordzeeloket.nl/test/oude-opzet-windenergie-zee/windenergie-zee-oud/ecologie/cumulatie/kader-ecologie/
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population. Within this model, the important assumption is made that 
there is no change in behaviour of the birds and also no habituation. 

 
In international scenarios, razorbills (near-threatened (International 
Union for Conservation of Nature, 2018)), guillemots and divers are most 
prone to habitat loss (van der Wal et al., 2018). The remark should be 
made that all numbers stay under 30% of the defined maximum  PBR level, 
for calculations of offshore wind farms planned until 2030. Expected 
percentages of loss are lower in Dutch national scenarios, mainly due to 
exclusion of offshore wind farm constructions on the important bird 
areas Brown Bank, Frisian Front and in the coastal zone.    International 
habitat suitability models for northern gannet, razorbills, red-throated 
divers, sandwich terns and common guillemots, showed that OWF 
scenarios are not leading to declining populations relative to the current 
situation (van Kooten et al., 2019).  
 
Expected population sizes vary between 83-99% compared to the 
situation without OWFs for the coming 30 years. Dutch OWFs’ 
contribution on population growth rate is calculated to be well below 1% 
for the three species with enough data to cover the entire North Sea 
(northern gannet, razorbill and common guillemot). In Denmark, 
displacement effects have been demonstrated for red-throated diver, 
common scoter and the long-tailed duck (Fox & Petersen, 2019). An 
interesting note to make is that many avoiding bird species are still 
present in offshore wind farms (Steven Degraer et al., 2019; Leopold et 
al., 2013). 
 
Bats 
Due to the Habitats Directive, bats are protected species. Since the 
population abundances and distributions of bat species on the North 
Sea is a large knowledge gap, assessments on habitat loss for these 
species are made based on many assumptions. Environmental Impact 
Assessments often assess the potential of habitat loss and migration  
barriers for bats as neutral, because there is no data that differentiates 
between the proposed alternatives. In New Calidonia, two tropic bat 
species were about 20 times less active within an OWF as in the control 
site, showing the potential for displacement in bats (Millon et al., 2018). 
Offshore, seasonally migrating bats are often found, but recently it was 
found that also non-migratory bats (Common noctule) seem to forage 
on insect swarms at the North Sea, with one tagged individual observed 
to be flying up to 12 km offshore (WOZEP newsletter 4, 2020). In coastal 
areas however, bats are much more common, due to the presence of 
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local foraging individuals. Therefore, the best mitigation measure for 
habitat loss  of bats is avoidance of wind farms in the coastal zone. 

 
When large offshore wind farms are placed in line with each other, 
approximately perpendicular to a migration route, a barrier effect may 
lead to large detours in migration routes or inaccessibility of breeding/ 
feeding/ resting grounds for birds and bats, but on the other hand a 
reduced risk of collision (Krijgsveld, 2014). Therefore, considering 
cumulative effects in the location planning of offshore wind farms, but 
also other human activities, is very important (Masden et al., 2009). 
 
Benthic invertebrates 
Habitat loss would logically be expected for soft-substrate benthic 
invertebrates, as part of their surroundings becomes hard substrate. A 
review of relevant studies from Germany,  Belgium, The Netherlands, 
Denmark and the United Kingdom found that often there were no 
significant effects at all (Jak and Glorius, 2017). Some studies found 
that the soft-sediment biodiversity, abundance and organic matter 
content gradually increased in the vicinity (± 25m) of the turbine, but it 
is unknown if this will expand in future.  
 
Dutch research up to ten years after construction of the Princess Amalia 
Wind Farm found a strong temporal effect with changing species and 
abundances over time, but no linear pattern (Leewis et al., 2018). The last 
measurement indicated higher abundances and lower diversity of soft-
substrate benthos, but further research is needed to  make conclusions 
on trends. 
 
Although knowledge of an animals behavioural response is needed to 
understand and assess ecological consequences, a displacement 
effect is not the equivalent of an impact on population or species level. 
Also, it is very hard to translate habitat loss into an impact as it is such 
an indirect effect. Avoidance results in an animal having to fly or swim 
around longer or spend more time searching for food, leading to higher 
energetic costs. Species specific parameters,  such as feeding 
behaviour, alternative habitat nearby, vulnerability and habitat flexibility 
are all relevant to calculate impacts. Where competition is high or 
alternative habitats are of lower quality, this may lead to a lower food 
intake. These changes could in turn negatively influence productivity or 
survival. 
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Temporary loss and indifferent results 

Birds 
Besides clear attraction or avoidance, there also is a large group of 
bird species (mainly   gulls) with inconsistent or indifferent results 
(Vanermen & Stienen, 2019). Location-specific factors such as offshore 
wind farm location relative to the colony or feeding grounds, wind farm 
configuration, prey distribution and habitat quality are important for all 
species. However, gulls are often strongly aggregated and found near 
fishing vessels, which are only active outside offshore wind farms, 
providing an explanation for inconsistent results. A meta-analysis by 
Vanermen and Stienen (2019) showed inconsistent patterns for red-
breasted merganser with increase in numbers in one and decrease in 
another offshore wind farm.  
 
Really indifferent was the common eider; based on four studies they seem 
to be unaffected by the presence of several Scandinavian offshore wind 
farms, although one other  research suggests behavioural responses in 
flying common eiders, suggesting a reduction of available habitat. 
Sandwich tern appeared to benefit from the (buffer zone of the) OWF in 
this review, but this was based on a single study. In other research, 
sandwich terns seem to suffer from a strong barrier effect as they 
showed macro-avoidance rates of 28-30% (Harwood et al., 2017; Krijgsveld 
et al., 2011). 
 

Fish 
Research found a temporary decrease in densities of the bottom 
dwelling fish dab and  dragonets, as well as squid, during construction of 
OWFs (Vandendriessche et al., 2014). Another study found no influence 
of habitat loss on abundance for dab and sandeel, which makes sense 
as the loss often comprises < 0.5% of the OWF               area (Stenberg et al., 2015). 
In Offshore Wind farm Egmond aan Zee (OWEZ) no significant effects in 
abundance of fish were found compared to the wider area after five 
years (van Hal et al., 2012). Nevertheless, within the offshore wind farm, a 
lower abundance of sole, dab, plaice and whiting was observed on the 
stony habitat compared to the sandy areas in between. It seems more 
likely that fish will be adversely affected by food web changes, due  to 
the introduction of hard substrate, than by direct habitat loss. 
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Marine mammals 
For marine mammals, effects on displacement can be very conflicting 
and impacts on populations could easily be biased, e.g. temporal effect 
by underwater noise disturbance. In the operational phase, mammals 
might be attracted to the artificial structures, due to an   increase in food 
and/or shelter (avoidance of other disturbances) (Scheidat et al., 2011). 
Opposite responses of different species can be illustrated by research on 
seals in the Scroby Sands offshore wind farm in the UK, which is located 
less than 2 km from their haul- out sites. While harbour seal abundance 
decreased during construction of the offshore wind farm and failed to 
recover within the subsequent two years, the number of grey seals 
increased throughout the construction and operational time (Skeate et 
al., 2012). In two other UK offshore wind farms, no significant displacement 
of harbour seals was found during  construction, except during piling 
(Russell et al., 2016). Afterwards, they showed a close-to-significant 
increase during the operational phase. However, the OWF presence was 
unlikely to be causing this, as the location was near a large area with 
increased grey seal usage. From telemetry experiments, it is known that 
some seals make use of OWFs in the operational phase, although this is 
often a small fraction and needs further investigation    (Russell et al., 
2014). 
 
Likewise, there is no consensus on the use of OWFs by harbour porpoises. 
Populations have been seen to increase around offshore wind farms in 
comparison to reference areas outside the offshore wind farm, while other 
studies find a decrease in abundance but gradual increase in 
echolocation activity within OWFs and another one suggest only a 
temporary decrease during construction (Scheidat et al., 2011; Teilmann & 
Carstensen, 2012; Vallejo et al., 2017). A factor possibly disturbing this is the 
general southward movement of harbour porpoises, which could explain 
decreases in abundances in Nysted, Denmark and increases in OWEZ, The 
Netherlands. 

The North Sea Foundation recommends the following: 
Habitat loss is a typical risk that should be kept in mind when planning 
the locations of offshore wind farms. This change can only be measured 
when there is good international  (baseline) monitoring in place. Further 
investigation is needed into the effects of habitat  change, such as 
(migration) barriers and species displacement, to draw stronger 
conclusions. 
 
• Monitor long term biodiversity, both under- and above water, in 
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If you would like to know more about the other potential 
ecological risks discussed in our report, please click here. 

current and new offshore  wind farms and their surrounding areas. 
• The exact ecological development and effects of new habitats must 

be closely monitored, as they can be unpredictable. 
• Research into the use of corridors within and between offshore wind 

farms by birds and  potentially other species. Study the optimal wind 
farm design per site as is done with the cable routes. 

• Consider and investigate habitat loss for bat species, starting with a 
solid knowledge base  on population sizes and area usage. 

• Cross-check the Bradbury model assessing displacement with 
another model. 

• The best mitigation measure might be the site decision of new OWFs, 
investigate and    consider feeding/breeding grounds of all relevant 
species. 

• As the North Sea gets busier, investigate habituation of species 
towards OWFs. Effects  found in the first years do not have to 
represent eventual impact. 
 

 

https://www.noordzee.nl/verdieping-over-de-ecologische-risicos-van-windenergie-op-zee/
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