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Proyecto PLASMAR: Bases para la planificación sostenible de áreas marinas en la Macaronesia 

1 Introduction and context within the PLASMAR 
project & MSP process 

 

The marine environment will play a key role in hosting new energy strategies, including 
the offshore wind sector. However, it is unclear how the construction, operation and 
decommissioning of Offshore Wind Farms (OWF) and related infrastructure will impact 
the marine environment and marine ecosystem services (Lindeboom et al., 2011; 
Papathanasopoulou et al., 2015; Raoux et al., 2017).  

PLASMAR project aims at the definition and proposal of robust scientific methodologies 
in support of Maritime Spatial Planning (MSP) and Blue Growth in the three archipelagos 
included in the Macaronesian Region, searching for smart solutions to harmonize Blue 
Growth development of diverse maritime sectors and the conservation of its natural 
marine heritage. 

This study uses the framework established by Marine Strategy Framework Directive 
2008/56/EC (MSFD), on Good Environmental Status (GES), to analyse what are the 
significant risks and environmental issues associated with the offshore wind sector. 

We have followed 11 quality descriptors, and related 42 criteria elements to deliver  a 
detailed review of scientific and technical reports related to the offshore wind sector. The 
reviews included the results of revised reports setting out the potential environmental 
problems / issues that can be expected during the construction phase, during the OWF 
operational phase, as well as the decommission phase. Additionally, the outputs of a 
specific workshop conducted in 2017 (as part of the EU EcoAqua ERA-Chair project), 
when only 11 quality descriptors were considered, was incorporated as first approach to 
OWF and MSP.  Additionally, experts on environmental impact assessment and offshore 
wind engineering experts were consulted to clarify specific topics. Therefore, for each 
environmental issue identified, the spatial extent of environmental impact was analysed, 
(engineering) solutions for the environmental pressures identified, and mitigation for 
specific impacts established. Finally, we attempted to identify the most efficient 
techniques for monitoring, that can provide robust information about the OWF practices 
and whether or not, these exceed sustainable limits on marine environment.  

Within this study we delivered a checklist, following the GES framework, that provides 
information about what types of impacts can be expected, what environmental issues 
can be avoided and what measures can be implemented to mitigate those impacts.  

The results of this study include valuable information for the Environmental Impact 
Assessment (EIA) process, listing topics that should be elaborated within the 
Environmental Impact Study (delivered by promoter) and included in the Environmental 
Impact Decision. The study established that the promoter requiring marine space and 
related licenses for building and operating an OWF business, needs to develop a 
checklist and provide important information for assessing the associated risks.  
Particularly, in the case where the project will be approved/refused due environmental 
issues. Furthermore, it lists topics that should be included and analysed in detail in the 
Environmental Impact Study, which is a foundation for administrative decisions.  
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The application of the GES checklist by competent authorities (licensing the use of the 
marine space), will allow them to define: 

• Trade-offs: Local economy vs marine environment; 

• The main environmental issues and if they are properly identified in the 
Environmental Impact Study delivered by promoter in the EIA process;  

• The alternatives and how it will be possible to avoid pressures and related 
impacts; 

• If there are mitigation measures and how they can be applied; and 

• The type of monitoring necessary to ensure that OWF does not exceed the 
sustainability thresholds for all three phases (construction, operations and 
decommission). 

The application of the GES checklist should speed up the development of the 
Environmental Impact Decision on OWFs, by listing potential environmental issues and 
solutions. The GES marine environment is conceptually “modelled” through 11 quality 
descriptors and 42 criteria elements.  These are used to identify the environmental 
components that should be included, considered and elaborated in the EIA process, 
including EI Study and EI Decision.  

The MSFD GES framework (MSFD & Commission Decision 2017/848/EU) provides a 
more elaborate framework for assessment than the EIA standard (including broad 
requirements of Directive 2011/92/EU) for the offshore wind sector, as it factors in the 
most significant and vulnerable components of the marine environment.  

Moreover, by integrating the GES framework into the EIA process, we are supporting 
implementation of the environmental policies that applies on the sea (mainly MSFD, but 
also Habitat and Bird Directives, WFD, SEA Directive?), including the environmental 
targets within the offshore wind sector development. Studies developed within the EIA 
process provide valuable information on the environment that can or should be reused 
for the 6 year assessment of marine waters, as required by MSFD.    

The GES checklist for OWF is developed within the PLASMAR project, as part of the 
multi-component methodology, developed and applied for a MSP zoning process. This 
study covers environmental components - parameters for the multi-parameter analysis 
for zoning of offshore wind sector.  Applying results and the related zoning method with 
appropriate data will allow the identification of potential areas for OWF development with 
the lowest likely environmental impact.  In the later multi-component analysis, other 
parameters, covering the land-sea interactions, other maritime sectors, oceanography 
etc., will be included. Thus, final selection of the allocated zones for the offshore wind 
sector will be agreed through an integrated stakeholder, MSP process. 
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2 Methodology applied 
State of art of OWF environmental impacts and possible environmental friendly solutions 
were gathered mainly through the review of scientific and technical publications, the 
inputs generated during the PLASMAR workshop on GES, and maritime activities inside 
MapSIS 2017 International Conference (as part of the EU EcoAqua ERA-Chair project), 
and interviews and meetings with experts from the offshore wind energy sector and 
experts in marine impact assessment.  

This report is organised following the structure provided by the Marine Strategy 
Framework Directive (MSFD), with the aim of identifying maritime activity environmental 
pressures/impacts that are related to the GES quality descriptor/criteria elements. For 
the purpose of this report, we have focused on official technical reports and scientific 
publications related to offshore wind sector taking into consideration the 11 quality 
descriptors of GES and their related 42 criteria. These reviews included the potential 
environmental problems/issues that can be expected during the construction phase, 
during the OWF operational phase, and the decommission phase. For each 
environmental issue identified, the spatial extent of the environmental impact was 
analysed, the availability or not of a solution (engineering) for the environmental 
pressure, and how that specific impact can be mitigated. Finally, we try to identify the 
most efficient techniques for monitoring, that can provide robust information about OWF 
practices and they exceed sustainable limits on the marine environment. 

The complete list of criteria to be analysed is acquired from the Commission decision 
document on criteria and methodological standards on GES of marine waters and 
specifications and standardised methods for monitoring and assessment (2017/848/EU) 

(Available at:https://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1495097018132&uri=CELEX:32017D0848). 

This legal document is a product of the revision and related amendment of MSFD and 
the older Commission Decision on GES 2010/477/EU.  

GES is defined in 14 tables (one table per Quality Descriptor, plus 4 tables on 
biodiversity).  This is adopted for the analysis as follows:  

1. Environmental impact, values: YES/NO; if YES, environmental impact was 
explained including the references and sources of information; 
 

2. Environmental impact spatial extent, values:  
Impact area narrower than operative maritime activity area; 
Impact area equal to operative maritime activity area; 
Impact area broader than operative maritime activity area; 
 

3. Maritime Activity pressure solution, values: YES/NO; if YES, a short explanation 
needs to be included.  
 

4. Impact mitigation measures, values: YES/NO; if YES, a short explanation needs 
to be included.  
 

5. Monitoring method available: values: YES/NO; if YES, a short explanation of the 
monitoring method needs to be included.  

https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1495097018132&uri=CELEX:32017D0848
https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1495097018132&uri=CELEX:32017D0848
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Table 1 

 

In the analysis three consecutive phases were considered: a) The OWF facility 
construction phase, b) the operational phase, and c) the decommission phase of the 
offshore wind energy production site.  

Most of the reports reviewed for this project described experiences, solutions and 
monitoring techniques applied in the context of the North Sea and the Baltics. The 
analysis sought to capitalise on the experiences obtained in northern marine areas of 
the continental Europe and to apply the principal outputs to the Macaronesian Region, 
which, it should be noted is a significantly different marine environment.    

  



 

 

III. Quality Descriptors VS Good Environmental Status  
(applied to the Offshore Wind Sector) 
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3 Analysis descriptor 2: Non-indigenous Species 
 
The Convention on Biological Diversity defines Non-Indigenous Species (NIS) as 
species whose introduction or spread threatens biodiversity. NIS are species introduced 
outside their natural past or present range, which might survive and subsequently 
reproduce.  After settlement, if they become dominant, the introduction or spread might 
affect the structure, composition and biomass production of local / regional ecosystems. 
The introduction of these species is enhanced in situations where the exchange of 
people or goods takes place between countries and continents, for example, by shipping 
or transfer of large infrastructures (i.e. fouling of hulls and other submerged underwater 
parts). 
 

 
Table 2 

QD2 Non-indigenous species introduced by human activities are at levels that do 

not adversely alter the ecosystems 

QD Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD2 

Newly-introduced 

non-indigenous 

species. 
D2C1 

yes broader yes yes Yes 

Abundance and 

spatial distribution of 

established non-

indigenous species, 

contributing 

significantly to 

adverse effects on 

particular species 

groups or broad 

habitat types 

D2C2 — 
Secondary 

yes broader yes yes Yes 

Proportion of the 

species group or 

spatial extent of the 

broad habitat type 

which is adversely 

altered due to non-

indigenous species, 

particularly invasive 

non-indigenous 

species. 

D2C3 — 

Secondary 

yes broader yes yes Yes 

 

3.1 D2C1 Newly-introduced, Non-indigenous Species 

Modified habitats such as the wind turbines structures – similar to artificial reefs - can be 
colonised by NIS, dispersed from natural or anthropogenic sources. Placement of 
human-made structures and the subsequent modification of the natural habitat is 
identified as facilitators of non - indigenous/invasive species propagation (Belleri & Airoldi 
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2005, Glasby et al., 2007). Thus, some of the recommendations for managing impact by 
NIS at artificial reefs can be applied to OWF (REFERENCE??). In rletion to the NIS 
issues, wind turbine offshore maritime structures do not have a direct impact on the 
marine environment, but indirectly increase vectors enabled by anthropogenic 
introduction (ballast waters, fouling on ship hulls, marine debris, etc.) or natural 
introduction by means such as currents and loop current eddies. Moreover, the 
introduced hard substrata of the OWF has been shown to play an important role in the 
establishment and the expansion of the population size of the NIS (Kerckhof et al., 2011). 

Wind turbine structures provide a new, hard substrate and vertical profile where none 
previously existed, thereby, potentially changing the distribution of species including NIS 
(Langhamer, 2012; De Mesel et al.,2015). Additionally, the network between turbines 
within an OWF may also create non-indigenous species corridors for linking previously 
unconnected areas (Sheehy and Vik, 2010). 

Shanley and Vik (2010) proposed linking spatial data with biophysical modeling, to 
predict species introductions and their impacts, and to anticipate introduction species 
vectors. They argue that the outputs of this model would help to identify the likely sources 
of the introduction, the spreading vectors (such as new species corridors), and sites for 
turbines/wind farms that have reduced potential for additional NIS transfers. These 
results can support mitigation measures, as effective response programs to predict 
where invasive species are likely to result. 
 
The following are the main recommendations for managing and mitigating the impact of 
NIS from OWF:  

 
• Capacity building and training for OWF staff to identify local marine species and 

the arrival and distribution pattern of NIS in wind turbine structures, and 
networks; 

• Distribution of NIS identification information to OWF program managers, end 
users, and especially to maintenance personal as divers, who may provide 
early warning of incursion; 

• Efficient monitoring method of NIS appearance or propagation based on the 
above-mentioned measures; 

• Development of GIS for tracking reported NIS occurrence and for selecting new 
wind farms sites;  

• Avoiding (and/or carefully considering) long, contiguous networks of turbines 
that may provide corridors ready for NIS transfer; and 

• Avoiding long distance transfers of materials with intact fouling communities. 

 
It should be noted that, once the lease for the OWF site expires, or the installation 
reaches its end of life, few countries (such as Denmark) include the possibility for partial 
or complete decommissioning.  
 

3.2 D2C3 & D2C4 (Secondary criteria) 

The references and text that applies to the D2C1 criterion applies equally to the following 
criteria: D2C3 & D2C4. 
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4 Analysis Descriptor 3: Commercial Fish and 
Shellfish 

Commercially exploited fish and shellfish are all living marine resources targeted for 
economic profit. In scientific terms, the GES level applied to Descriptor 3 has various 
implications: Stocks should, (1) be exploited sustainably and consistent with high long-
term yields, (2) have full reproductive capacity in order to maintain stock biomass, and 
(3) be maintained (or increased) based on the proportion of older and larger fish/shellfish 
as an indicator of a healthy stock. 

 
Table 3 

QD3 Populations of all commercially-exploited fish and shellfish are within safe 

biological limits, exhibiting a population age and size distribution that is 

indicative of a healthy stock 

QD3 

Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

The Fishing mortality rate 

of populations of 

commercially-exploited 

species 

D3C1  

No     
The Spawning Stock 

Biomass of populations of 

commercially-exploited 

species  

D3C2 

No      
The age and size 

distribution of individuals 

in the populations of 

commercially-exploited 

species is indicative of a 

healthy population. This 

shall include a high 

proportion of old/large 

individuals and limited 

adverse effects of 

exploitation on genetic 

diversity. 

D3C3 

No     

 

4.1 D3C1, D3C2, D3C3 Fishing Mortality, Spawning Stock Biomass 
and Age & Size Distribution of Commercially-exploited Species 

OWF impacts on fish and shellfish include both negative and positive effects 
(Langhammer et al., 2018). OWF foundations and scour protections on the seabed can 
lead to increased habitat complexity that affect certain fish species and communities 
positively (Langhamer, 2012; Bergström et al., 2013; Stenberg et al., 2015). In a similar 
way, wind turbines, both fixed and floating facilities, may act as artificial reefs and/or fish 
aggregating devices that concentrate marine fish and facilitate their capture (Castro et 
al. 1999; Fayram & de Risi, 2007; Wilhelmsson et al., 2006). Furthermore, OWFs may 
create fisheries exclusion zones acting as marine protected areas prohibiting e.g. 
trawling and gillnetting (Ashley et al., 2014), and have been shown to lead to higher 



 

 
16 

abundance and larger specimens of certain fish,  including commercially-exploited 
species (Degraer et al., 2011; Lindeboom et al., 2011; Reubens et al., 2011). This 
indirect “reserve effect” can lead to increased local biomasses, not only for the 
commercial species, but also to whole ecosystem (Leonhard et al., 2011, Lindeboom et 
al., 2011, Shields & Payne, 2014).  

On the other hand, combining OWF with fisheries can be expected to increase local 
mortality rates of fish populations, if an increased aggregation close to the wind turbine 
foundations only serves to enhance catch rates (Polovina, 1989; Grossman et al., 1997, 
Pickering & Whitmarsh, 1997; Reubens et al., 2014). 

Impact related to the commercially-exploited species is reduced on their spatial 
distribution (Floeter et al., 2017) and stress by noise and electromagnetic field emission 
(Wahlberg & Westerberg, 2005; 2007; Gill et al., 2009; Kikuchi, 2010). To date there 
does not appear to be robust scientific research or evidence on increased mortality, 
decreased spawning stock biomass or unhealthy populations of commercially-exploited 
species due operational OWFs, probably because there are few OWFs already installed 
and they are relatively recent development in the marine ecosystem, with little time to 
determine such potential effects. Nevertheless, these effects should be further 
investigated, as they can influence growth, migration, survival, and/or reproductive 
capacity of commercially-exploited fish in the Macaronesia (such as tunas, sardines, 
amberjacks, and sparids, among other species). 
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5 Analysis Descriptor 5: Eutrophication 
Eutrophication is a chemical process driven by the enrichment of certain water bodies 
by the concentration of diverse nutrients, especially compounds of nitrogen and/or 
phosphorus. This may lead toward changes in the water column and in the benthic 
communities, such as increased growth, primary production and biomass of algae, 
modifications in the balance and density of some organisms, and water quality 
degradation. The consequences of eutrophication are undesirable if they appreciably 
degrade ecosystem health and biodiversity and/or the sustainable provision of goods 
and services from coastal and marine ecosystems. 

 
Table 4 

QD5 Human-induced eutrophication is minimized, especially adverse effects 

thereof, such as losses in biodiversity, ecosystem degradation, harmful algae 

blooms and oxygen deficiency in bottom waters 

QD Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD5 

Nutrient concentrations 

(Dissolved Inorganic 

Nitrogen (DIN), Total 

Nitrogen (TN), 

Dissolved Inorganic 

Phosphorus (DIP), 

Total Phosphorus (TP)) 

are not at levels that 

indicate adverse 

eutrophication effects. 

D5C1 

No     

 

Chlorophyll a 

concentrations are not 

at levels that indicate 

adverse effects of 

nutrient enrichment. 

D5C2 

No     

 

The number, spatial 

extent and duration of 

harmful algal bloom 

(e.g. cyanobacteria) 

events are not at levels 

that indicate adverse 

effects of nutrient 

enrichment. 

D5C3 — 
Secondary 

     

 

The photic limit 

(transparency) of the 

water column is not 

reduced, due to 

increases in suspended 

algae, to a level that 

indicates adverse 

effects of nutrient 

enrichment. 

D5C4 — 
Secondary 
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The concentration of 

dissolved oxygen is not 

reduced, due to nutrient 

enrichment, to levels 

that indicate adverse 

effects on benthic 

habitats (including on 

associated biota and 

mobile species) or other 

eutrophication effects. 

D5C5 

No      

 

The abundance of 

opportunistic 

macroalgae is not at 

levels that indicate 

adverse effects of 

nutrient enrichment. 

D5C6 — 
Secondary 

     

 

The species 

composition and 

relative abundance or 

depth distribution of 

macrophyte 

communities achieve 

values that indicate 

there is no adverse 

effect due to nutrient 

enrichment including 

via a decrease in water 

transparency 

D5C7 — 
Secondary 

     

 

The species 

composition and 

relative abundance of 

macrofaunal 

communities, achieve 

values that indicate that 

there is no adverse 

effect due to nutrient 

and organic enrichment 

D5C8 — 
Secondary 

     

 

5.1 D5C1 Nutrient Concentrations 

There are many studies connecting the extraction of energy from the offshore wind 
turbines and change in the vertical hydrodynamics of water bodies, such as upwelling 
and downwelling processes (Broström 2008, Nerge & Lenhart 2010, Ludewig 2015). 
Studies delivered by Cazenave et al. (2016), Carpenter et al. (2016) and Floeter et al. 
(2017) show that currents flows (tidal, wind, storm) passing OWF foundation structures 
generate a turbulent wake that contributes to a vertical mixing and an increase of nutrient 
concentrations at the surface. While these processes can increase concentration of 
nutrients in surface layers, they are also significant in the shallow seas and stratificated 
layers of the ocean. Taking into consideration the geographic characteristics of the 
different archipelagos considered in these studies, the effects identified may not be 
relevant in Macaronesia since the bathymetry of the islands quickly reaches deep-
waters.  
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5.2 D5C2 Chlorophyll a Concentrations 

Van der Molen et al. (2014), when applying physical–biogeochemical model, argued for 
an increased primary production due to lower suspended matter concentrations and 
consequent, higher light availability when OWF turbines are operating. Further, on the 
basis of the satellite images, the same authors suggested that primary production may 
be decreased by higher turbulence levels induced by turbine foundations. The empricial 
study by Floeter et al. (2017) provides results on the lower primary production in the 
OWF area. The significance and consequences of OWF-increased primary production 
remains a task for further investigation, but most probably can be concluded in a similar 
way as for the D5C1, as this criterion could be irrelevant in the Macaronesia Region. 

 

5.3 D5C5 Concentration of Dissolved Oxygen 

There are scientific reports that relate operational OWF and reduced dissolved oxygen 
concentration on the local scale with low mesoscale impacts. These reports relate to the 
designated and potential OWF areas in Baltic Sea, that have significant stratification of 
different salinity layers and are very sensitive to eutrophication effects.  For example, 
Janßen et al. (2015) stated that the development of significant numbers of wind farms in 
an area with already poor oxygen conditions, can lead to anoxia, due to changes in the 
currents regime (mixing dilutions and current velocities) and accumulation of biomass. 
In particular, biofouling organisms such as blue mussel can increase oxygen 
consumption and may foster the occurrence of anoxia.  

Again, this criterion, as reported for Baltic and North Seas, does not seem to be relevant 
to Macaronesia due to the particular hydrodynamics and oceanography of the 
archipelagos. 
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6 Analysis Descriptor 6: Sea-floor Integrity 
Sea-floor integrity takes into consideration the major physical (hard vs soft bottoms), 
chemical (inorganic vs organic matter presence) and biological (macroalgae vs 
invertebrate communities) features of the sea bottom. These characteristics delineate 
the structure and functioning of marine ecosystems, especially for species and 
communities living on the sea floor (benthic ecosystems). 

The construction of OWFs modifies the sea-floor integrity in diverse ways, which are 
mainly related to the configuration, dimensions and design of the wind turbine fixation 
structures.  

 
Table 5 

QD6 Sea-floor integrity is at a level that ensures that the structure and functions 

of the ecosystems are safeguarded and benthic ecosystems, in particular, are not 

adversely affected 

QD Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD6 

Spatial extent and 

distribution of physical 

loss (permanent change) 

of the natural seabed 

D6C1  

Yes  narrower 

needed 
further 
research 

needed 
further 
research 

needed 
further 
research 

Spatial extent and 

distribution of physical 

disturbance (including 

intertidal areas) 

pressures on the seabed. 

D6C2 

No     
Spatial extent of each 

habitat type which is 

adversely affected, 

through change in its 

biotic and abiotic 

structure and its 

functions (e.g. through 

changes in species 

composition and their 

relative abundance, 

absence of particularly 

sensitive or fragile 

species or species 

providing a key 

function, size structure 

of species), by physical 

disturbance. 

D6C3 

No     
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6.1 D6C1- Spatial extent and distribution of physical loss (permanent 
change) 

 

Figure 1 by Kallehave et al.,2015, (a) Gravity-based foundation (16%), (b) monopile foundation (74%), (c) 
caisson foundation (0%), (d) multipile foundation (5%), (e) multi caisson foundation (0%) and (f) jacket 
foundation (5%). 

For the wind industry to survive, it is vital that costs are significantly reduced for future 
projects. One of the areas where costs can be reduced is in the support structure, where 
better design, cheaper fabrication and quicker installation can play a key role. Different 
support structures/foundations have different effects on physical loss and physical 
permanent change on the seabed. However, in most cases it can be accepted that 
physical loss of the seabed is minimal. Adequate selection of the seabed substrate 
(sand, gravel, etc.) for foundations can minimise impact and permanent change.  Rocky 
substrates may require more complicated engineering solutions that can have a higher 
impact and potentially greater and more significant permanent changes. In the 
decommissioning, especially for monopile foundations, a process involve cutting, water 
jetting and/or explosives, can be expected, and this can have wider and possibly more 
significant impacts on the seabed (Topham & McMillan, 2017). At the end of life stage, 
there is little documented experience worldwide of OWF decommissioning and 
decommissioning processes, and this will require further applied research. 
 
Secondly, due to the seabed morphology and depth gradients in Macaronesia, it is 
expected that a high degree of innovation with new types of foundations and anchoring 
solutions for floating base turbines will be required. The first floating wind turbine was 
installed in 2008 in Norway, and this type of design is still in development, with a new 
OWF with 5 floating wind turbines recently operational in Scottish waters. The impact on 
the seabed and permanent change needs further research. In addition, there is a high 
probability that permanent change of the sea floor can be treated as an insignificant 
criteria in Macaronesia, if new design of floating base turbines are implemented and the 
appropriate location/substrate selected.  

 

6.2 D6C2 Spatial extent and distribution of physical disturbance 
pressures on the seabed 

In OWFs constructed near-shore, it is possible to observe their impact on suspended 
sediments in shallow waters (Vanhellemont & Ruddick, 2014, Bailey et al., 2014, 
Bergström et al., 2014).). Turbid wakes of individual turbines are observed that are 
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aligned with tidal currents, (measuring some 30 to 150m wide, and several km in length). 
The impact of these wakes is the related water turbidity due to the increase in suspended 
sediments, including the impact on sediment transport and sedimentation. This effect 
should be only considered with the soft substrate seabed and with OWF installed up to 
20m depth.  As such it is an unlikely impact due to the coastal morphology and sea floor 
characteristics in Macaronesia. 

 

6.3 D6C3 Spatial extent of each habitat type which is adversely 
affected, through change in its biotic and abiotic structure and 
its functions by physical disturbance 

The main pressures here are related to physical loss due to permanent change of the 
seabed substrate or as consequence of the extraction of seabed substrate. 

The surface area of the OWF foundations and related materials, such as submerged 
electric cables and other support structures, does not occupy a large extent on the sea 
floor. The challenges associated with the feasibility of future OWF relate to the cost 
reduction in the installation phase as well as during the operational phase. Therefore, in 
the future, foundation sizes are likely to decrease and structures will be more resilient to 
bad weather conditions. OWF foundations and scour protections on the seabed can lead 
to increased habitat complexity that affect certain fish species and communities positively 
(Langhamer, 2012; Bergström et al., 2013; Stenberg et al., 2015; van Hal et al., 
2017).  More in depth discussion on this is included under Quality descriptor 1 - Benthic 
habitats - criteria D6C5. 

 

 

Figure 2 - Habitat gain and other effects related to marine wind turbine installation, Bergström et al. (2013). 
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7 Analysis Descriptor 7: Hydrographical 
Conditions 

Offshore platforms and marine renewable energy installations as OWF are identified as 
one of the main pressures on hydrographical conditions. 

“Permanent alteration of hydrographical conditions does not adversely affect marine 
ecosystems” (EC DG ENV).  

Hydrographical conditions are characterised by the physical parameters of seawater, 
which are temperature, salinity, depth, currents, waves, turbulence, turbidity (related to 
the load of suspended particulate matter). Modification of any hydrographical condition 
can have a significant effect on the marine ecosystems, including biomass production 
and the growth of plankton and fish species. In addition, modifying current regimes can 
affect larval dispersion and habitats for benthic and pelagic species. Additionally, 
changes of hydrographical conditions can affect exchanges between the sea and the 
atmosphere and between the various layers of water. 

 

DC7 Permanent alteration of hydrographical conditions does not adversely affect 

marine ecosystems 

QD Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD7 

Hydrographical changes 

to the seabed and water 

column (including 

intertidal areas).Spatial 

extent and distribution 

of permanent alteration 

of hydrographical 

conditions (e.g. changes 

in wave action, 

currents, salinity, 

temperature) to the 

seabed and water 

column, associated in 

particular with physical 

loss (7) of the natural 

seabed. 

D7C1 — 
Secondary 

Yes  Broader No Yes Yes 

Spatial extent of each 

benthic habitat type 

adversely affected 

(physical and 

hydrographical 

characteristics and 

associated biological 

communities) due to 

permanent alteration of 

hydrographical 

conditions. 

D7C2 — 
Secondary 

No     
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7.1 D7C1 Hydrographical changes to the seabed and water column 

 

7.1.1 Currents 

As the tidal, wind, storm currents flow past OWF foundation structures they generate a 
turbulent wake that contributes to a mixing of the stratification.  This can lead to a doming 
of the thermocline and a subsequent transport of nutrients into the surface, mixed layer 
(Cazenave et al., 2016; Carpenter et al., 2016; Floeter et al. 2017). Turbulent wake 
depends on the drag coefficient and turbines foundation type. In theory, turbine 
foundations are smoots cylinders, but in practice, foundation are usually abundant with 
mussels & other biofuling organisms that increase roughness and, subsequently, raise 
the turbulent vertical mixing effect (Petersen & Malm 2006; Baeye & Fettweis, 2015). 
Pressure solutions can be delivered within the design of turbine foundations, but at this 
moment further research is needed to ascertain if this potential effect is relevant during 
operational phase of OWF in Macaronesia. 

 

7.1.2 Salinity 

The effect of OWF on salinity depends on the thermocline depth & upwelling effect.  
However, this can be omitted from consideration in Macaronesia, given the characteristic 
of its coasts and its oceanography.   

 

7.1.3 Waves 

Christensen (et al., 2013) considers the impact of offshore wind farms on the wave 
conditions. When the waves meet OFMs the wave field can be altered due to three 
significant processes that have to be considered.  These are; A) the dissipation of wave 
energy due to drag resistance, B) reflection/diffraction of waves around the structure, 
and, C) the effect of a changed wind field inside and on the lee side of the offshore wind 
farm. Christensen (et al., 2013) developed a study using a hydrodynamical model MIKE 
2. Modelling of waves using 3rd generation numerical spectral wind wave models from 
known wind fields and bathymetries has gone from a “state of the art” to the “state of 
practice” and now provides quite accurate results. Dissipation of the wave energy due 
surface friction and vortex shedding is negligible. 

 

 

 

 

Figure 3 - vortex shedding, Christensen et al., 2013 
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From three numbered OWF effects, results marked the reflection/diffraction of waves as 
most significant one: effect on the wave height upwind of the wind farm up to 2 to 3%. 
For moderate wind speed, the local reduction of wave height, downwind, comes 1/3 from 
reflection/diffraction and 2/3 from the reduced wind shear (gradient of pressure). In the 
model results, downwind - 3 times the extent of the OWF, the effect of reduced wind 
shear controls the major part of the wave height reduction (around 5%). 

 

 

Figure 4 - reduced wind speed on the lee side 

For high wind speeds the most important process is the reduced wind speed inside and 
on the lee side of the OWF. The OWF had little influence on the wave period (max 1%). 
Further research is needed, for this effect to be identified as relevant to the operational 
phase of OWF in Macaronesia. 

 

7.1.4 Turbidity 

In the construction phase, in development of the OWF, gravity foundations involve 
greater impact from sediment dispersal, due to dredging operations. Elevated turbidity 
may harm sensitive organisms, such as juvenile fish (Auld & Schubel 1978, Lake & Hinch 
1999, Partridge & Michael 2010), but expected impact is low to moderate as organisms 
in the sand seabed are tolerant to turbidity (Bergström et al., 2014). Li and collaborators 
(2014) using remote sensing SAR and Christie & Moulinec (2012) using hydrodynamic 
and morphological modelling techniques, identify large turbid wakes downstream of 
individual turbines, but only for OWF installed at shallow depth. 

 

7.1.5 Monitoring 

There are a number of difficulties in the monitoring and sampling information on the 
dynamics of the sea (EC-DG Environment). Therefore, large data sets are required to 
observe and detect changes in the hydrographic conditions as temperature, currents 
regime, waves and turbidity. At present data are provided by in situ measurements and 
satellite observation. Parameters data can be built at different scales with the help of 
2D/3D models (Christensen et al., 2013) which are developed by “operational 
oceanography” programmes, and compared with results sampled in situ and remotely. If 
hydrographical changes impact on wave and current dynamics caused by potential OWF 
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are found to be significant,  engineering solutions will be needed to reduce pressures, 
and to mitigate impact and monitor/model current status.  
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8 Analysis of Descriptor 8 - Concentrations of 
contaminants 

Contaminants are defined in the European legislation as: 

“substances (i.e. chemical elements and compounds) or groups of substances that are 
toxic, persistent and liable to bio-accumulate and other substances or groups of 
substances which give rise to an equivalent level of concern” (Water Framework 
Directive, Article 2(29)). 

Contaminants can arise from numerous anthropogenic sources such as land-based 
industrial activity, pollution by ships, atmospheric deposition, oil, gas and mineral 
exploration and exploitation and riverine inputs. With this study we want to see if there 
are current scientific or technical reports that identify any increase of the contaminants 
in water, biota or sediment due to the OWF construction, decommissioning or operating 
phase. 

 
Table 6 

DC8 Concentrations of contaminants are at levels not giving rise to pollution 

effects 

QD Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD8 

Concentrations of 

contaminants 

(ubiquitous persistent, 

bioaccumulative and 

toxic substances - 

Article 8a(1)(a) of 

Directive 2008/105/EC) 

do not exceed the 

established (WFD) 

threshold values in 

water, sediment or biota. 

D8C1 

No     
The health of species 

and the condition of 

habitats (such as their 

species composition and 

relative abundance at 

locations of chronic 

pollution) are not 

adversely affected due 

to contaminants 

including cumulative 

and synergetic effects. 

D8C2 — 
Secondary 

No     
The spatial extent and 

duration of significant 

acute pollution events 

(Discharging oil and 

noxious liquid 

substances - MARPOL 

73/78Article 2(2) of 

D8C3 

No     
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Directive 2005/35/EC) 

are minimised. 

The adverse effects of 

significant acute 

pollution events on the 

health of species and on 

the condition of habitats 

(such as their species 

composition and relative 

abundance) 

D8C4 

No      

 

8.1 D8C1 Concentrations of contaminants 

Zaborska and collaborators in (2017) studied if construction of OWF can re-introduce 
deposited contaminants in seabed back to the water column. This possibility was 
identified in the Baltic Sea, and was highly influenced by riverine inputs, and with 
significant level of anthropogenic substances, such as heavy metals,  already deposited 
in the seabed sediment. This is not a case in Macaronesia and this criteria and descriptor 
for now can be excluded from analyses. Apart from a study delivered by Zaborska et al. 
in 2017, no further scientific publication or technical reports have been found dealing with 
this issue. 

 

D8C3 The spatial extent and duration of significant acute pollution 
events  

During construction phase and during the maintenance operations the risk of acute 
pollution (oil spills) due to an accident or collision is increased. Some authors mention 
that OWF increases oil spill risk, resulting from tanker collisions with wind farms (Gee, 
2010). In both cases, applying the required level of safety and security decreases these 
risks. For D8C4, as for D8C3 there are no available reports, so further research on 
statistics of oil spills in the area of OWF is necessary to identify if this is a real threat. 
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9 Analysis Descriptor 9 - Contaminants in fish 
and other seafood  

 
Table 7 

QD9 Contaminants in fish and other seafood for human consumption do not 

exceed levels established by Union legislation or other relevant standards 

QD Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD9 

The level of 

contaminants in edible 

tissues (muscle, liver, 

roe, flesh or other soft 

parts, as appropriate) of 

seafood (including fish, 

crustaceans, mollusks, 

echinoderms, seaweeds 

and other marine 

plants) caught or 

harvested in the wild 

(excluding fin-fish from 

mariculture) does not 

exceed Regulation (EC) 

No 1881/2006 

D9C1 

Need 
further 
research 

Need 
further 
research 

Need 
further 
research 

Need 
further 
research 

Need 
further 
research 

Within the review, no technical reports or scientific publications have been found 
concerning OWF and levels of contaminant in fish and seafood.  

As a precautionary measure, it is recommended to determine baseline levels of 
contaminants in fish and other seafood coming from coastal and Macaronesian marine 
ecosystems for future comparison with those coming from, or captured near, a OWF 
operational site located in Macaronesia.  
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10 Analysis Descriptor 10 - Marine litter 
Marine litter is a global concern, affecting all the oceans of the world. Every year, millions 
of tonnes of litter end up in the ocean worldwide, posing environmental, economic, health 
and aesthetic problems (WSPA, 2014; UNEP & GRID-Arendal, 2016; Lusher et al., 
2017). 

Poor practices of solid waste management, waste water (including storm water) 
collection and treatment, lack of infrastructure and awareness of the public at large about 
the consequences of their actions aggravate substantially the situation. 

 
Table 8 

QD10 Properties and quantities of marine litter do not cause harm to the coastal 

and marine environment 

QD Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD10 

The composition, 

amount and spatial 

distribution of litter 

(excluding micro-litter, 

classified in the 

following categories: 

artificial polymer 

materials, rubber, 

cloth/textile, 

paper/cardboard, 

processed/worked 

wood, metal, 

glass/ceramics, 

chemicals, undefined, 

and food waste) on the 

coastline, in the surface 

layer of the water 

column, and on the 

seabed, are at levels that 

do not cause harm to the 

coastal and marine 

environment. 

D10C1 

No     
The composition, 

amount and spatial 

distribution of micro-

litter (particles < 5mm) 

on the coastline, in the 

surface layer of the 

water column, and in 

seabed sediment, are at 

levels that do not cause 

harm to the coastal and 

marine environment. 

D10C2 

No     
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The amount of litter and 

micro-litter classified in 

the categories ‘artificial 

polymer materials’ and 

‘other’ ingested by 

marine animals (birds, 

mammals, reptiles, fish 

or invertebrates.) is at a 

level that does not 

adversely affect the 

health of the species 

concerned. 

D10C3 — 
Secondary 

     
The number of 

individuals of each 

species which are 

adversely affected due 

to litter, such as by 

entanglement, other 

types of injury or 

mortality, or health 

effects. 

D10C4 — 
Secondary 

     

 

10.1 D10C1 Marine litter  

Within the review no technical reports or scientific publications have been uncovered 
concerning marine litter and OWF in either the construction or the operational phases. 
Decommissioning processes after the life cycle of the OWF can be a possible source of 
marine litter. As the first offshore wind energy project to be decommissioned took place 
in 2016, until now there are no reports that can confirm this as a real threat. In the study 
on sustainable decommissioning, delivered by Topham & McMillan (2017) difficulties in 
foundations decommissioning for the monopile and gravity turbine foundations I s 
mentioned. Decommissioning monopile foundations includes diamond wire cutting or 
water jetting. Both methods include operations that put safety personal in risk and 
provide environmental impact due additional exaction in the seafloor. Notably, gravity 
turbine foundations sometimes leave an artificial reef, if a structure is provided for new 
habitats to attract pelagic and benthic species. In both cases debris produced with the 
engineering operations of cutting, water jetting or even explosions need to be removed. 
This criterion should be investigated further in future OWF decommissioning operations.   
 

10.2 D10C2 Micro- litter 

Presently, there are no technical reports or scientific publication that identify OWF as a 
source of microplastics, but there are research studies that investigate this possibility. 
Wang et al. (2018) assessed the microplastic contamination, composition and 
distribution characteristics in offshore wind farms situated in the shallow sea area (max 
8m depth). That study concluded that hydrodynamics - particularly shear stress, in the 
area of the OWF, can reduce plastic abundance in the water and sediment.  The 
presence of a wind farm can increase the bed shear stress (including 5m depth), leading 
to instability and bed sediment transport and thereby causing the microplastics adhered 
to the sediments to be washed away more easily.  This may explain the lower sediment 
microplastic abundance found within the wind farm compared with outside the wind farm.  

Further research should be delivered if there is a significant impact on sediment and the 
water column and surface, during the construction phase.  
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11 Analysis Descriptor 11 - Energy incl. 
Underwater Noise  

Noise pollution has attracted much attention as it has the potential to displace animals, 
interfere with normal behavior and, at very high levels, cause physical damage. 
Underwater noise, whether from natural or anthropogenic sources, may interfere with the 
way marine life receives and send acoustic signals.  Maritime shipping is increasingly 
recognised as a significant and pervasive pollutant with the potential to impact on marine 
ecosystems on a global scale (Williams et al., 2015); seismic surveys have a much 
greater local impact than shipping, especially on fish and invertebrates (Carroll et al., 
2017) and on marine mammals (Erbe et al., 2016). Other human activities, such as 
military activity, offshore construction, anti-predator devices, and recreational boats may 
also be significant local or regional sources of underwater noise. Marine renewable 
energy devices may produce lower noise levels than many other anthropogenic sources, 
but have the potential to cause long-term exposure to sessile marine organisms (Gill, 
2005). 

 
Table 9 

QD11 Introduction of energy, including underwater noise, is at levels that do not 

adversely affect the marine environment 

QD Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD11 

The spatial distribution, 

temporal extent, and 

levels of anthropogenic 

impulsive sound 

sources do not exceed 

levels that adversely 

affect populations of 

marine animals. 

D11C1 

yes broader yes yes yes 

The spatial distribution, 

temporal extent and 

levels of anthropogenic 

continuous low-

frequency sound do not 

exceed levels that 

adversely affect 

populations of marine 

animals. 

D11C2 

No     

 

11.1 D11C1 Anthropogenic impulsive sound  

Impulsive noise coming from OWF has three phases: the short-term potential impact 
during pre-construction; the short-term intensive impact during construction; and the 
physiological and/or masking effects that may occur over a long period while the wind 
farm is in operation (Kikuchi, 2010). During the pre-construction phase there is a risk to 
marine mammals, sea turtles and fish of collision and disturbance from vessel 
movements associated with surveying and installation. During the construction phase, 
noise and vibration from pile driving and other works may affect the animals over a large 
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area (Thomsen et al., 2006; Nedwall et al., 2007; Diedrichs et al., 2008, Dolman & 
Simmonds 2010; EC, 2011). The noise impact on marine mammals is more severe 
during the construction of wind farms than during their operation (Madsen et al., 2006). 
During operation, underwater sound levels are unlikely to reach dangerous levels or 
mask acoustic communication of marine mammals (Tougaard et al., 2009) and this 
impact in most cases is considered to be of minor importance to the marine environment 
(Westerberg & Lagenfelt, 2008, Petersen & Malm, 2006, Wilhelmsson et al., 2010). 

The high scores associated with extreme noise from pile-driving, which is mainly used in 
the deployment of OWF based on monopiles or jacket foundations, cause significant 
avoidance behaviour in marine mammals (Richardson et al., 1995; Carstensen et al., 
2006; Tougaard et al., 2008, Bailey et al., 2010, Brandt et al., 2011, Dähne et al., 
2013).  High sound levels can damage the inner ear sensory cells, produce hearing loss, 
alter the behavior of fishes and can even cause mortality (especially at larval stage) in 
fish (Popper et al., 2003; Nedwell & Howell 2004; Popper & Hastings, 2009). A 
considerably lower acoustic impact can be expected for OWF based on gravity 
foundations, which do not involve pile-driving (Hammar et al., 2008). 

Construction often includes an array of activities, including profiling, shipping, pile-
driving, trenching and dredging (Nedwell & Howell 2004, Bolle et al., 2012 & Bolle et al., 
2016). Increased vessel activities during exploration and construction operations may 
produce a complete, but temporary, displacement from an area, but if the animals all 
return to the area shortly afterwards with no hearing impairment, the actual impact on 
the population may be small (Madsen et al., 2006). During the planning and construction 
period, avoiding biologically sensitive periods can significantly reduce animal 
disturbance pressure (Hammar et al., 2014). Pressure mitigation can be obtained using 
acoustic (bubble) curtains that attenuate noise from offshore wind farm construction and 
reduce temporary habitat loss (Würsig et al., 2000; Caltrans, 2009; Lucke et al. 
2011; Dähne et al., 2017). 

 

Figure 5 - Air bubble curtain around offshore platform. From http://www.hydrotechnik-luebeck.de 

During the operational phase, vibration caused in the turbine and vibrations transmitted 
to the sea floor should be considered. Studies delivered by Nedwell and collaborators 
(2003), and Andersson (2011) define this acoustic disturbance of the sea floor as highly 
local and of minor importance. To advance mitigation, avoid impacts and improve survey 
and knowledge, the EU proposed to the UNEP in 2008, noise databases listing the 
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origins of man-made sounds (including the OWF) within the resolution of Adverse 
Anthropogenic Marine/Ocean Noise Impacts on Cetaceans and other Biota (Kikuchi, 
2010). Setting up a register of the occurrence of impulsive sounds is a first step to 
establishing current level and trends on anthropogenic sound pressure, including most 
important sound sources, including military activities, geological surveys, etc. (Dekeling 
et al., 2014). This resolution was adopted 2014, but development of noise databases is 
only included as an encouragement to signing parties “the compilation of a reference 
signature database, to be made publicly available, to assist in identifying the source of 
potentially damaging sounds”. This resulted in various data initiatives, as ICES Impulsive 
noise events registry, supported by OSPAR and HELCOM regional sea conventions that 
provide spatial data base for the North Sea and Baltic, including the noise disturbance 
from the wind farms. Avoidance of animals for OWF can be compared with avoidance of 
harbours, and include possibly habituation over time (Teilmann & Carstensen, 2012), but 
this differs among species (Popper & Hastings 2009).  

Finally, the main impacts within the impulsive sound are the short-term potential impact 
during pre-construction; the short-term intensive impact during construction; and turbine 
structural vibrations, that can be spread into to sea and seafloor, that may occur over a 
long period while the wind farm is in operation (Nedwell & Howell, 2004; Kikuchi, 2010). 
The pressure extent vary depending local conditions, where stronger impacts might be 
expected in pristine areas compared to areas where ambient noise is already high 
(Scheidat et al., 2011). Cumulative effects should be also considered (Slabbekoorn et 
al., 2010), using the operative noise registries. Three type of mitigation are possible:  

a) reduction of noise on the source (using the gravity foundation, avoiding the 
monopile after Koschinski & Lüdemann, 2014 study);  

b) to reduce the sound energy propagated as using bubble curtains (Würsig et 
al., 2000; Caltrans, 2009; Lucke et al., 2011; Dähne et al., 2017); and 

c) to reduce impact preventing animals from being located in the vicinity of the 
sound source, by scheduling the pre-construction and construction in adequate 
time, avoiding biologically sensitive periods (Hammar et al., 2014). 

 

11.1.1 Monitoring  

The MSFD Technical Subgroup on Noise concludes that for quality descriptor 11, 
impulsive sound monitoring requires development of noise registry, combining use of 
measurements with models including sound maps, as the best way to ascertain levels 
and trends of ambient noise in the relevant frequency bands. 
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Figure 6 - Annually averaged noise predictions for the Dutch North Sea, delivered by University of Leiden, 
included in the JRC guidance on monitoring ofn underwater noise (2014) 

 

11.2 D11C2 Anthropogenic continuous low frequency sound 

Underwater noise from the operating turbines is generated by the machinery in the 
nacelle and is transmitted through the tower to the foundation, from which it is radiated 
into the water (Tougaard et al., 2008). Under normal conditions, the noise is of low 
intensity by any standard (Madsen et al., 2005), with energy concentrated at low 
frequencies (below a few kilohertz). Under favorable conditions (low background noise, 
low transmission loss), the sound may be audible to seals, toothed whales and fish at 
distances up to some kilometres from the turbines. Nevertheless, due to the low intensity 
and low frequencies of that type of noise, the impact on marine mammals is considered 
marginal (Tougaard et al., 2008). 

 
Koschinski et al. (2003) introduced high-frequency artifacts, simulating operational 2MW 
turbine, into the signal and that the porpoises and seals may have been responding to 
these artifacts rather than the low-frequency wind turbine noise intended for playback 
and study showed that the responses, if any, occurred within a 60m to 200m perimeter 
around the sound source, reinforcing the conclusion that the impact zone for turbine 
noise is small for both porpoises and seals. Elaborate investigations on the propagation 
of low-level sound from operating wind turbines may therefore not be justified, if 
behavioural studies confirm that the range of received levels more than about 100m from 
the turbine do not alter the behaviour of the marine mammal species.  
 
Finally, the transmission of electricity through cables within the wind farm and to shore 
can create electromagnetic fields that may also interfere with short- and long-range 
orientation systems. Disturbance effects could be particularly pronounced in 
elasmobranchs (sharks and rays) that are highly sensitive to magnetic fields and use 
electromagnetic signals in detecting prey. Westerberg & Begout-Anras in 2000, 
Westerberg & Lagenfelt in 2008 and more recently, Gill et al. in 2012 also delivered 
empirical studies on the European eels, warning about the possibility that created 
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electromagnetic fields can disturb species migration patterns. However, except for a few 
metres around cables and other devices, field strength is well below that of the earth's 
geomagnetic field. Studies so far have judged the impact to be small although available 
results are not entirely conclusive (Petersen & Malm, 2006; Meissner & Sordyl, 2006; 
EC 2011; Gill et al., 2012). The extent of the electromagnetic field can be mitigated by 
adequate cable design (Bergström et al., 2014) and the appropriate cable deployment to 
avoid marine areas with sensitive species.  
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Analyses of GES Descriptors/Criteria related to 
the Biodiversity 

This section considers the descriptors linked to the relevant ecosystem elements: 
species groups of birds, mammals, reptiles, fish and cephalopods (Descriptor 1), 
pelagic habitats (Descriptor 1), benthic habitats (Descriptors 1 and 6) and ecosystems, 
including food webs.  
 
Langhammer and collaborators in a recent paper (2018) state that we do not have a 
clear picture on the biodiversity impact of OWF.  They propose the control of site impact, 
by focusing on dominating specie(s).  For example, the study of viviparous blenny / 
European eelpout (Zoarces viviparous) has been suggested as prime candidate for 
monitoring of anthropogenic activities, indicating modifications within Good 
Environmental Status in the Baltic and North Sea (Sturve et al., 2005; Hedman et al., 
2011). 

12 QD1 Species (birds, mammals, reptiles, fish & 
cephalopods) 

 
Table 10 

QD1 Species groups of birds, mammals, reptiles, fish and cephalopods (relating to 

Descriptor 1) 

QD Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD1 

The mortality rate of 

birds, mammals, reptiles 

and non-commercially-

exploited species of fish 

and cephalopods from 

incidental by-catch is 

below levels which 

threaten the species, such 

that its long-term 

viability is ensured. 

D1C1 

Yes 
(birds) equal Yes yes yes 
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The population 

abundance of the species 

is not adversely affected 

due to anthropogenic 

pressures, such that its 

long-term viability is 

ensured. Including 

mammals and reptiles 

listed in Annex II to 

Directive 92/43/EEC, 

but also other Annexes 

to Directive 92/43/EEC, 

Directive 2009/147/EC 

or through Regulation 

(EU) No 1380/2013, and 

RSC’s 

D1C2 

No      
The population 

demographic 

characteristics (e.g. body 

size or age class 

structure, sex ratio, 

fecundity, and survival 

rates) of the species are 

indicative of a healthy 

population which is not 

adversely affected due to 

anthropogenic pressures. 

Primary for 

commercially-exploited 

fish and cephalopods and 

secondary for other 

species 

D1C3 

Need 
further 
research     

The species 

distributional range and, 

where relevant, pattern is 

in line with prevailing 

physiographic, 

geographic and climatic 

conditions. Primary for 

species covered by 

Annexes II, IV or V to 

Directive 92/43/EEC and 

secondary for other 

species. 

D1C4 

Yes Broader    
The habitat for the 

species has the necessary 

extent and condition to 

support the different 

stages in the life history 

of the species. Primary 

for species covered by 

Annexes II, IV and V to 

D1C5 

No      
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Directive 92/43/EEC and 

secondary for other 

species 

 

12.1 D1C1 The mortality rate  

Pollution and fisheries by-catch are identified as the most important anthropogenic 
threats to marine mammals (Hårding & Härkönen, 1999, Härkönen & Isakson, 2010) and 
marine birds. Evidence to date indicates that appropriately sited and well-designed wind 
energy developments are generally not a threat to biodiversity. Firstly, there is a need to 
put impacts into a population level context and to determine whether they are biologically 
significant or not (Bailey et al., 2014). However, there may be occasions where individual 
plans or projects can cause damage to protected wildlife and nature areas. The analysed 
studies suggest that various species of birds and marine animals may be particularly 
vulnerable. The type and degree of impact is very much dependent upon a range of 
factors, such as location and the type of species present. Wind farm projects that avoid, 
or are located away from, areas of importance for wildlife, generally, dare not likely to 
have a major impact on biodiversity. However, potential impacts must be examined on a 
case by case basis (EC, 2011). 

 
In the case of OWF projects, an obvious mitigation measure is to adjust the location of 
the wind farm away from areas where it can cause conflicts with species and habitat 
types. But mitigation measures can also involve modifications to the size, design and 
configuration of the wind farms or the construction of turbines and associated 
infrastructures. And they can take the form of temporal adjustments during the 
construction and operational phases.  
 
OWFs may increase mortality of seabirds through collisions with turbines. They may 
create barriers to movement of birds and may displace birds from foraging habitat 
(Drewitt & Langston, 2006; Masden et al., 2010; Dierschke et al., 2016). Seabird species 
with greatest risk of collision mortality are those that spend a high proportion of time 
flying at the height of turbine blades (for the 2 MW turbines, a tower height is typically 
80m with a rotor diameter of 90m, resulting heights between 35m and 125m (Johnston 
et al., 2014). In any event, studies of collisions caused by terrestrial wind turbines have 
recorded relatively low levels of bird mortality (Winkelman, 1992a&b; Painter et al., 1999; 
Erickson et al., 2001), due the fact that studied wind farms were located away from large 
concentrations or birds and flying/migrational patterns. Collision risk depends on a range 
of factors related to bird species (collision risk varies for each particular species), 
numbers and behaviour, weather conditions and the nature of the wind farm itself, 
including the use of lighting (Dierschke et al., 2016).  
 
The aviation and shipping warning lights on turbines can attract and disorient birds, and 
as a measure to mitigate this impact it is possible to use a minimum number of 
intermittent flashing white lights of lowest effective intensity (Hüppop et al., 2006). Proper 
location of OWF based on the study on species can avoid most of the impacts, avoiding: 

• high densities of wintering or migratory species;  

• areas with a high level of raptor activity;  

• areas for breeding, wintering or migrating populations of less abundant- 
conservation concern species (Dierschke et al., 2016).   

 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/turbine
https://www.sciencedirect.com/science/article/pii/S0006320716303196#bb0075
https://www.sciencedirect.com/science/article/pii/S0006320716303196#bb0220
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BACI (Before-After-Control-Impact) monitoring using a radar to monitor bird movement 
is an effective technique for offshore bird collision impact (Christensen et al., 2004; 
Kahlert et al., 2004a&b; Pettersson, 2005). Other mitigation techniques proposed by 
(Dierschke et al., 2016) include:  

• Avoidance of key areas of conservation importance and sensitivity are avoided;  

• Grouping turbines to avoid perpendicular alignment to the main bird flight 
pathways;  

• Provision of corridors between clusters; and  

• Increasing the visibility of rotor blades. 
 

12.2 D1C2 population abundance of the species is not adversely 
affected due to anthropogenic pressures 

 
Evidence to date indicates that wind farms that are located away from areas harbouring 
concentrations of wild animals or areas that are important for wildlife have relatively low 
influence or no influence on population abundance (EC, 2011). 
 

12.3 D1C3 The population demographic characteristics - body size or 
age class structure, sex ratio, fecundity, and survival rates 

This study revealed no technical reports or scientific publications relating to OWF 
regarding species population, demographic characteristics. 

 

12.4 D1C4 The species distributional range and pattern 

Wind farms, especially large establishments with tens of individual wind turbines, may 
force birds, mammals and turtles to change direction, both during migrations and, more 
locally, during regular foraging activities.  This is a barrier effect.  Additionally, 
disturbance can lead to displacement and exclusion, and hence loss of habitat use. This 
risk may be relevant for birds and marine mammals. The species may be displaced from 
areas within and surrounding wind farms due to visual, noise and vibration impacts. 
Disturbance may also arise from increased human activity during construction work and 
maintenance visits. The scale and degree of disturbance determines the significance of 
the impact, as does the availability and quality of other suitable habitats nearby that can 
accommodate the displaced animals (EC, 2011).  In addition, marine species can be 
attracted to the OWF area, due the reef effect (the creation of new habitats). 

Seabirds 
The extent to which seabirds are displaced from, or attracted to OWF is uncertain, but 
the rapid development of the OWF facilities can conflict with seabird conservation 
(Dierschke et al., 2016). Additionally, seabird conservation could constrain future 
development of OWF (Madsen et al., 2015), increasing seabird mortality and 
displacement of birds from their foraging habitat (Drewitt & Langston, 2006; Masden et 
al., 2010).  Displacement of birds can be due the noise and vibrations, mainly in the 
construction phase and this issue is analysed within Quality Descriptor 11, (both criteria 
D11C1 and D11C2). The disturbance that is based on the visual impact and barrier effect 
impact, including the mitigation are described in D1C1, which recommends a BACI 
monitoring strategy to determine impact intensity. Studies report incremental growth in 
numbers of some bird species due the reef effect.  It is likely that they are attracted by 
mussels or fish prey in the new habitat (Drewitt & Langston, 2006; Raoux et al., 2018).  
 
Mammals, reptiles, fish & cephalopods  
Displacement of marine animals seems to be due to the noise and vibrations, mainly in 
the construction phase, and this issue is analysed within Quality Descriptor 11, both 
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criteria (D11C1 and D11C2). The barrier effect is discussed within D1C1 and it is 
concluded that the evidence to date indicates that appropriately-sited and well-designed 
wind energy developments are generally not a threat to biodiversity (Bailey et al., 2014). 
 

12.5 D1C5 The habitat has the necessary extent and condition to 
support the different stages in the life history of the species 

The further criteria analysed (under D1C6 and D6C5) are referred to under pelagic and 
benthic habitats (D1C5). 
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13 QD1 Pelagic habitats  
 
Table 11 

QD1 Pelagic habitats (relating to Descriptor 1) 

QD Criteria (element) 
CODE 

Criteria 
Env. Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD1 

The condition of the 

habitat type, 

including its biotic 

and abiotic structure 

and its functions 

(e.g. its typical 

species composition 

and their relative 

abundance, absence 

of particularly 

sensitive or fragile 

species or species 

providing a key 

function, size 

structure of species), 

is not adversely 

affected due to 

anthropogenic 

pressures. 

D1C6 

Further 
research 
recommended      

 

13.1 D1C6 The condition of the pelagic habitat  

In the European context, it is not mandatory to have investigation or monitoring of the 
potential effects of OWFs on the pelagic ecosystem (although, for example, it is part of 
the German EIA approval procedure for installing OWF). Only a limited number of studies 
have analysed OWF effects on the pelagic ecosystem, and even fewer include field 
measurements (Floeter et al., 2017).  

 

The observations revealed that pelagic fish (mackerel) have the highest abundances 
within 100m of underwater construction sites (Schröder et al., 2013). Floeter and 
collaborators (2017) did an extensive empirical study, applying in situ sampling and 
modelling, for the current regime, water column stratification, phytoplankton and pelagic 
fish distribution, in order to define OWF effects on the pelagic habitats. They tried to 
separate ambient hydrography from the currents regime affected by the OWP.  These 
included, effects on the water column stratification due vertical mixing, the upwelling 
effect and the increase of nutrients and primary production in the superficial layers, 
zooplankton and fish density and distribution.  

In situ measures of salinity and turbidity, combined with remote sensing (Li et al., 2014; 
Vanhellemont & Ruddick, 2014), and modelling (Lass et al., 2008; Rennau et al., 2012; 
Cazenave et al., 2016), demonstrated that upwelling areas for each turbine can be up to 
1 km in extent. Increased primary production occurds in this area, with enhanced 
phytoplankton biomass, increasing trophic levels and more attractive habitat for pelagic 
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fish. Empirical (Floeter et al., 2017) and conceptual studies (Van der Molen et al., 2014) 
on primary production provide opposite results, indicating the need for more research in 
this area. Again, the highest pelagic fish abundances are found close to the turbine 
foundations, as observed by Schröder et al. (2013) and Krägefsky (2014).  In contrast,  
the study performed by Floeter et al. (2017) the hydroacoustic instruments under the 
vessel could not detected this and it should be noted that the results obtained in this 
study are difficult to fully separate regarding anthropogenic impacts and natural 
variability.  

Presently, there are no OWFs in Macaronesia, and it is easy to define baseline or control 
values (no impact areas). With potential future development of OWFs, multi-disciplinary 
quantification of the wind wave effect should be performed at the regional ecosystem 
scale, with a focus on the cumulative effects of OWF clusters and on the trophic transfer 
of any increase in production, that can have impact on pelagic habitat. 
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14 QD1 & QD6 Benthic habitats 
 

 
Table 12 

QD1& QD6 Benthic habitats (relating to Descriptors 1 and 6) 

QD Criteria (element) 
CODE 

Criteria 
Env. 

Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD1&QD6 

The extent of loss of 

the habitat type, 

resulting from 

anthropogenic 

pressures, does not 

exceed a specified 

proportion of the 

natural extent of the 

habitat type in the 

assessment area. 

D6C4 

No     
The extent of adverse 

effects from 

anthropogenic 

pressures on the 

condition of the 

habitat type, including 

alteration to its biotic 

and abiotic structure 

and its functions (e.g. 

its typical species 

composition and their 

relative abundance, 

absence of 

particularly sensitive 

or fragile species or 

species providing a 

key function, size 

structure of species), 

does not exceed a 

specified proportion 

of the natural extent 

of the habitat type in 

the assessment area. 

D6C5 

Yes     

 

 

14.1 D6C5 Habitat extension  

OWF’s in most of the cases act as a new type of habitat with a higher biodiversity of 
benthic organisms, possibly increasing the use of the area by the benthos, fish, marine 
mammals and some bird species and a decreasing use by several other bird species 
(Lindeboom et al., 2011). Turbine submerged constructions are colonised by several 
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marine species resulting in an additional source of food for higher trophic levels 
(Bergström et al., 2013). This effect, generally known as the “reef effect”.  Expected 
habitat gain is considered as one of the most important effect on the marine environment 
generated by the construction of offshore wind farms (Peterson & Malm, 2006; 
Langhamer, 2012; De Mesel et al., 2015). The reef effect commences with colonisation 
and aggregation of species close to the foundations, (e.g. Wilhelmsson et al 2006a; Maar 
et al., 2009), resulting in increased species abundances close to OWF foundations 
(Wilhelmsson et al., 2006, Wilhelmsson & Malm, 2008; Maar et al., 2009; Andersson & 
Öhman, 2010; Reubens et al., 2011; Bergström et al., 2013; Reubens et al., 2013). 

 
Studies in the Baltic States show an increase in biomass by enlarging habitats from 
benthos layers into the pelagic column.  This can increase oxygen consumption through 
respiration of living biomass and especially through degradation of dead biomass, and 
may lead to local anoxia (Janßen et al., 2015). This is highly relevant in enclosed waters 
such as the Baltic Sea, whereas in the Macaronesia context the anoxia effect can be 
discounted.   
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15 QD1&QD4 Ecosystems, including food webs   
 

QD1&QD4 Ecosystems, including food webs (relating to Descriptors 1 and 4) 

QD 
Criteria 

(element) 
CODE 

Criteria 
Env. Impact 

Env. 
impact 
spatial 
extent 

MA 
pressure 
solutions 

Impact 
mitigation 
measures 

Monitoring 
method 

QD1&QD4 

The diversity 

(species 

composition 

and their 

relative 

abundance) of 

the trophic 

guild is not 

adversely 

affected due 

to 

anthropogenic 

pressures. 

D4C1 

Further 
research  needed      

The balance 

of total 

abundance 

between the 

trophic guilds 

is not 

adversely 

affected due 

to 

anthropogenic 

pressures. 

D4C2  

Further 
research  needed      

The size 

distribution of 

individuals 

across the 

trophic guild 

is not 

adversely 

affected due 

to 

anthropogenic 

pressures. 

D4C3 — 
Secondary 

Further 
research  needed      

Productivity 

of the trophic 

guild is not 

adversely 

affected due 

to 

anthropogenic 

pressures. 

D4C4 — 
Secondary 

Further 
research  needed      
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15.1 D4C1, D4C2, D4C3, D4C4   

In terms of impact the anthropogenic disturbances of the OWF will be reflected as 
modifications of the pelagic and benthic habitat. There will be direct disturbance on the 
species distribution, as species will be scared away by the OWF or attracted by the reef 
effect (Raoux et al.., 2017) Studies showed that a number of the ecosystem processes 
and properties are sensitive to changes generated by OWF installations (Burkhard et al., 
2009), and can alter food webs. Accumulation of identified pressure/impacts in this study 
can lead to the impact on the specific food web guild, resulting from  mortality (Winkelman 
1992a&b; Painter et al., 1999; Erickson et al., 2001; Johnston et al., 2014), potential 
demographic modifications, species distribution range (Drewitt and Langston, 2006; 
Masden et al., 2010, Dierschke et al., 2016), and the effect on pelagic and benthic habitat 
( Schröder et al., 2013; Krägefsky, 2014; Floeter et al., 2017). Food web guild 
increment/decrement, could have a significant impact on ecosystem, and these 
relationships need to be further researched, especially with empirical studies that can 
identify OWF impacts expected in the biogeographic conditions of Macaronesia. 

 

As a general recommendation, baseline studies of the structure and composition of major 
coastal ecosystems in the Macaronesian archipelagos are much needed to obtain robust 
data for the different parameters associated with GES criteria. The results obtained in 
these baseline studies will allow determination of the reference levels of species 
populations, habitat distribution patterns and ecosystem health before the potential 
deployment of OWFs in the Macaronesia region.  

 

https://www.sciencedirect.com/science/article/pii/S0006320716303196#bb0075
https://www.sciencedirect.com/science/article/pii/S0006320716303196#bb0220


 

 
48 

References  

 

Andersson, M.H., 2011. Offshore wind farms – ecological effects of noise and habitat 

alteration on fish. 

Andersson, M.H., Öhman, M.C., 2010. Fish and sessile assemblages associated with 

wind-turbine constructions in the Baltic Sea. Mar. Freshw. Res. 61, 642–650. 

doi:10.1071/MF09117 

Ashley, M.C., Mangi, S.C., Rodwell, L.D., 2014. The potential of offshore windfarms 

to act as marine protected areas – A systematic review of current evidence. Mar. 

Policy 45, 301–309. doi:10.1016/J.MARPOL.2013.09.002 

Baeye, M., Fettweis, M., 2015. In situ observations of suspended particulate matter 

plumes at an offshore wind farm, southern North Sea. Geo-Marine Lett. 35, 247–

255. doi:10.1007/s00367-015-0404-8 

Bailey, H., Brookes, K.L., Thompson, P.M., 2014. Assessing environmental impacts of 

offshore wind farms: lessons learned and recommendations for the future. Aquat. 

Biosyst. 10, 8. doi:10.1186/2046-9063-10-8 

Bailey, H., Brookes, K.L., Thompson, P.M., 2014. Assessing environmental impacts of 

offshore wind farms: lessons learned and recommendations for the future. Aquat. 

Biosyst. 10, 8. doi:10.1186/2046-9063-10-8 

Bailey, H., Senior, B., Simmons, D., Rusin, J., Picken, G., Thompson, P.M., 2010. 

Assessing underwater noise levels during pile-driving at an offshore windfarm and 

its potential effects on marine mammals. Mar. Pollut. Bull. 60, 888–897. 

doi:10.1016/J.MARPOLBUL.2010.01.003 

Bergström, L., Kautsky, L., Malm, T., Rosenberg, R., Wahlberg, M., Åstrand Capetillo, 

N., Wilhelmsson, D., 2014. Effects of offshore wind farms on marine wildlife—a 

generalized impact assessment. Environ. Res. Lett. 9, 034012. doi:10.1088/1748-

9326/9/3/034012 

Bergström, L., Sundqvist, F., Bergström, U., 2013. Effects of an offshore wind farm on 

temporal and spatial patterns in the demersal fish community. Mar. Ecol. Prog. Ser. 

485, 199–210. doi:10.3354/meps10344 

Bergström, L., Sundqvist, F., Bergström, U., 2013. Effects of an offshore wind farm on 

temporal and spatial patterns in the demersal fish community. Mar. Ecol. Prog. Ser. 

485, 199–210. doi:10.3354/meps10344 

Bolle, L.J., C.A.F. de Jong, S.M. Bierman, P.J.G. van Beek, P.W. Wessels, E. Blom, 

C.J.G. van Damme, H.V. Winter, R.P.A. Dekeling. 2016: Effect of Pile-driving 

Sounds on the Survival of Larval Fish. in: Advances in Experimental Medicine and 

Biology, XX pages 



 

 
49 

Bolle, L.J., de Jong, C.A.F., Bierman, S.M., van Beek, P.J.G., van Keeken, O.A., 

Wessels, P.W., van Damme, C.J.G., Winter, H. V., de Haan, D., Dekeling, R.P.A., 

2012. Common Sole Larvae Survive High Levels of Pile-Driving Sound in 

Controlled Exposure Experiments. PLoS One 7, e33052. 

doi:10.1371/journal.pone.0033052 

Brandt, M., Diederichs, A., Betke, K., Nehls, G., 2011. Responses of harbour porpoises 

to pile driving at the Horns Rev II offshore wind farm in the Danish North Sea. 

Mar. Ecol. Prog. Ser. 421, 205–216. doi:10.3354/meps08888 

BULLERI, F., AIROLDI, L., 2005. Artificial marine structures facilitate the spread of a 

non-indigenous green alga, Codium fragile ssp. tomentosoides , in the north 

Adriatic Sea. J. Appl. Ecol. 42, 1063–1072. doi:10.1111/j.1365-2664.2005.01096.x 

Burkhard, B., Opitz, S., Lenhart, H., Ahrendt, K., Garthe, S., Mendel, B., Windhorst, 

W., 2011. Ecosystem based modeling and indication of ecological integrity in the 

German North Sea—Case study offshore wind parks. Ecol. Indic. 11, 168–174. 

doi:10.1016/J.ECOLIND.2009.07.004 

Caltrans (2009) Technical guidance for assessment and mitigation of the hydroacoustic 

effects of pile driving on fish. Caltrans, Sacramento, CA 

Carpenter, J.R., Merckelbach, L., Callies, U., Clark, S., Gaslikova, L., Baschek, B., 

2016. Potential Impacts of Offshore Wind Farms on North Sea Stratification. PLoS 

One 11, e0160830. doi:10.1371/journal.pone.0160830 

Carroll, A.G., R. Przeslawski, A. Duncan, M. Gunning, B. Bruce, 2017. A critical 

review of the potential impacts of marine seismic surveys on fish & invertebrates. 

Marine Pollution Bulletin, 114: 9-24. 

Carstensen, J., Henriksen, O., Teilmann, J., 2006. Impacts of offshore wind farm 

construction on harbour porpoises: acoustic monitoring of echolocation activity 

using porpoise detectors (T-PODs). Mar. Ecol. Prog. Ser. 321, 295–308. 

doi:10.3354/meps321295 

Castro, J.J., J.A. Santiago & V. Hernández-García. 1999. Fish associated with fish 

aggregation devices off the Canary Islands (Central-East Atlantic). Scientia 

Marina, 63(3-4): 191-198. 

Christensen, E.D., Johnson, M., Sørensen, O.R., Hasager, C.B., Badger, M., Larsen, 

S.E., 2013. Transmission of wave energy through an offshore wind turbine farm. 

Coast. Eng. 82, 25–46. doi:10.1016/J.COASTALENG.2013.08.004 

Christensen, T.K., Hounisen, J.P., Clausager, I. & Petersen,I.K. 2004. Visual and Radar 

Observations of Birds in Relation to Collision Risk at the Horns Rev.  Offshore 

Wind Farm.Annual status report 2003. Report commissioned by Elsam 

Engineering A/S 2003. NERI Report.  Rønde, Denmark:National Environmental. 

Research Institute. 



 

 
50 

Christie, E., Li, M., Moulinec, C., 2012. COMPARISON OF 2D AND 3D LARGE 

SCALE MORPHOLOGICAL MODELING OF OFFSHORE WIND FARMS 

USING HPC. Coast. Eng. Proc. 1, 42. doi:10.9753/icce.v33.sediment.42 

Commission, E., n.d. EU Guidance on wind energy development in accordance with the 

EU nature legislation. doi:10.2779/98894 

Council on Wave Research., E., American Society of Civil Engineers., M., Moulinec, 

C., 1951. Proceedings of ... Conference on Coastal Engineering., Coastal 

Engineering Proceedings. Council on Wave Research, the Engineering Foundation. 

Dähne, M., Gilles, A., Lucke, K., Peschko, V., Adler, S., Krügel, K., Sundermeyer, J., 

Siebert, U., 2013. Effects of pile-driving on harbour porpoises ( Phocoena 

phocoena ) at the first offshore wind farm in Germany. Environ. Res. Lett. 8, 

025002. doi:10.1088/1748-9326/8/2/025002 

Dähne, M., Tougaard, J., Carstensen, J., Rose, A., Nabe-Nielsen, J., 2017. Bubble 

curtains attenuate noise from offshore wind farm construction and reduce 

temporary habitat loss for harbour porpoises. Mar. Ecol. Prog. Ser. 580, 221–237. 

doi:10.3354/meps12257 

De Mesel, I., Kerckhof, F., Norro, A., Rumes, B., Degraer, S., 2015. Succession and 

seasonal dynamics of the epifauna community on offshore wind farm foundations 

and their role as stepping stones for non-indigenous species. Hydrobiologia 756, 

37–50. doi:10.1007/s10750-014-2157-1 

Degraer, S., R. Brabant, B. Rumes, (Eds.). 2011. Offshore wind farms in the Belgian 

part of the North Sea: Selected findings from the baseline and targeted monitoring, 

Royal Belgian Institute of Natural Sciences. Management Unit of the North Sea 

Mathematical Models. Marine Ecosystem Management Unit, Brussels  

Dekeling, R.P.A., Tasker, M.L., Van der Graaf, A.J., Ainslie, M.A, Andersson, M.H., 

André, M., Borsani, J.F., Brensing, K.,Castellote, M., Cronin, D., Dalen, J., 

Folegot, T., Leaper, R., Pajala, J., Redman, P., Robinson, S.P., Sigray, P., Sutton, 

G., Thomsen, F., Werner, S., Wittekind, D., Young, J.V., Monitoring Guidance for 

Underwater Noise in European Seas, Part I: Executive Summary, JRC Scientific 

and Policy Report EUR 26557 EN, Publications Office of the European Union, 

Luxembourg, 2014, doi: 10.2788/29293 

Diederichs, A., Nehlds, G., Dähne, M., Adler, S, Koschinski, S. & Verfuss, U. 2008. 

Methodologies for measuring and assessing potential changes in marine mammal 

behaviour, abundance or distribution arising from the construction, operation and 

decommissioning of offshore windfarms. – Commissioned by COWRIE Ltd.231 

Dierschke, V., Furness, R.W., Garthe, S., 2016. Seabirds and offshore wind farms in 

European waters: Avoidance and attraction. Biol. Conserv. 202, 59–68. 

doi:10.1016/J.BIOCON.2016.08.016 



 

 
51 

Dolman, S., Simmonds, M., 2010. Towards best environmental practice for cetacean 

conservation in developing Scotland’s marine renewable energy. Mar. Policy 34, 

1021–1027. doi:10.1016/J.MARPOL.2010.02.009 

DREWITT, A.L., LANGSTON, R.H.W., 2006. Assessing the impacts of wind farms on 

birds. Ibis (Lond. 1859). 148, 29–42. doi:10.1111/j.1474-919X.2006.00516.x 

DREWITT, A.L., LANGSTON, R.H.W., 2006. Assessing the impacts of wind farms on 

birds. Ibis (Lond. 1859). 148, 29–42. doi:10.1111/j.1474-919X.2006.00516.x 

DREWITT, A.L., LANGSTON, R.H.W., 2006. Assessing the impacts of wind farms on 

birds. Ibis (Lond. 1859). 148, 29–42. doi:10.1111/j.1474-919X.2006.00516.x 

Erbe, C., C. Reichmuth, K. Cunningham, K. Lucke, R. Dooling, 2016. Communication 

masking in marine mammals: A review and research strategy. Marine Pollution 

Bulletin, 103: 15-38. 

Erickson, W.P., Johnson, G.D., Strickland, M.D., Young, D.P.,Jr Sernja, K.J. & Good, 

R.E. 2001. Avian collisions with wind turbines: a summary of existing studies and 

comparisons to other sources of avian collision mortality in the United States. 

Western EcoSystems Technology Inc. National Wind  Coordinating Committee 

Fayram, A.H., de Risi, A., 2007. The potential compatibility of offshore wind power 

and fisheries: An example using bluefin tuna in the Adriatic Sea. Ocean Coast. 

Manag. 50, 597–605. doi:10.1016/J.OCECOAMAN.2007.05.004 

Floeter, J., van Beusekom, J.E.E., Auch, D., Callies, U., Carpenter, J., Dudeck, T., 

Eberle, S., Eckhardt, A., Gloe, D., Hänselmann, K., Hufnagl, M., Janßen, S., 

Lenhart, H., Möller, K.O., North, R.P., Pohlmann, T., Riethmüller, R., Schulz, S., 

Spreizenbarth, S., Temming, A., Walter, B., Zielinski, O., Möllmann, C., 2017. 

Pelagic effects of offshore wind farm foundations in the stratified North Sea. Prog. 

Oceanogr. 156, 154–173. doi:10.1016/J.POCEAN.2017.07.003 

Gee, K., 2010. Offshore wind power development as affected by seascape values on the 

German North Sea coast. Land use policy 27, 185–194. 

doi:10.1016/J.LANDUSEPOL.2009.05.003 

Gill, A.B., 2005. Offshore renewable energy: ecological implications of generating 

electricity in the coastal zone. J. Appl. Ecol. 42: 605e615. 

Gill, A.B., Bartlett, M., Thomsen, F., 2012. Potential interactions between diadromous 

fishes of U.K. conservation importance and the electromagnetic fields and subsea 

noise from marine renewable energy developments. J. Fish Biol. 81, 664–695. 

doi:10.1111/j.1095-8649.2012.03374.x 

Glasby, T.M., Connell, S.D., Holloway, M.G., Hewitt, C.L., 2007. Nonindigenous biota 

on artificial structures: could habitat creation facilitate biological invasions? Mar. 

Biol. 151, 887–895. doi:10.1007/s00227-006-0552-5 



 

 
52 

Gonzalez-Rodriguez, A.G., 2017. Review of offshore wind farm cost components. 

Energy Sustain. Dev. 37, 10–19. doi:10.1016/J.ESD.2016.12.001 

Hammar, L., Wikström, A., Molander, S., 2014. Assessing ecological risks of offshore 

wind power on Kattegat cod. Renew. Energy 66, 414–424. 

doi:10.1016/J.RENENE.2013.12.024 

Härkönen, T., Isakson, E., 2010. Status of harbour seals (&lt;i&gt;Phoca 

vitulina&lt;/i&gt;) in the Baltic proper. NAMMCO Sci. Publ. 8, 71. 

doi:10.7557/3.2673 

Hedman, J.E., Rüdel, H., Gercken, J., Bergek, S., Strand, J., Quack, M., Appelberg, M., 

Förlin, L., Tuvikene, A., Bignert, A., 2011. Eelpout (Zoarces viviparus) in marine 

environmental monitoring. Mar. Pollut. Bull. 62, 2015–2029. 

doi:10.1016/j.marpolbul.2011.06.028 

Hooper, C., Nedwell, J., Nedwell, D.J., Langworthy, J., Howell, M.D., 2003. 

Assessment of sub-sea acoustic noise and vibration from offshore wind turbines 

and its impact on marine wildlife; initial measurements of underwater noise during 

construction of offshore windfarms, and comparison with background noise. 

HÜPPOP, O., DIERSCHKE, J., EXO, K.-M., FREDRICH, E., HILL, R., 2006. Bird 

migration studies and potential collision risk with offshore wind turbines. Ibis 

(Lond. 1859). 148, 90–109. doi:10.1111/j.1474-919X.2006.00536.x 

Janßen, H., Schröder, T., Zettler, M.L., Pollehne, F., 2015. Offshore wind farms in the 

southwestern Baltic Sea: A model study of regional impacts on oxygen conditions. 

J. Sea Res. 95, 248–257. doi:10.1016/J.SEARES.2014.05.001 

Kahlert, J., Petersen, I.K., Desholm, M. & Clausager, I. 2004b.Investigations of 

migratory birds during operation of Nysted offshore wind farm at Rødsand: 

Preliminary Analysis of Data from Spring 2004.  NERI Note commissioned by 

Energi E2.Rønde, Denmark: National Environmental. Research Institute. 

Kahlert, J., Petersen, I.K., Fox, A.D., Desholm, M. & Clau-sager, I. 2004a. 

Investigations of Birds During Construction and Operation of Nysted Offshore 

Wind Farm at Rodsand.Annual status report 2003. Report Commissioned by 

EnergiE2 A/S 2004. Rønde, Denmark: National Environmental.Research Institute. 

Kikuchi, R., 2010. Risk formulation for the sonic effects of offshore wind farms on fish 

in the EU region. Mar. Pollut. Bull. 60, 172–177. 

doi:10.1016/J.MARPOLBUL.2009.09.023 

Koschinski S, Lüdemann K (2014) Annex 1. In:Merck T, Werner S (eds) OSPAR 

inventory of measures to mitigate the emission and environmental impact of 

underwater noise. OSPAR Commission, London, p 10–40 

Krägefsky, S., 2014. Effects of the alpha ventus offshore test site on pelagic fish, in: 

Ecological Research at the Offshore Windfarm Alpha Ventus. Springer 



 

 
53 

Fachmedien Wiesbaden, Wiesbaden, pp. 83–94. doi:10.1007/978-3-658-02462-

8_10 

Kungl. Svenska vetenskapsakademien., K.C., Haerkoenen, T.J. (Swedish Museum of 

Natural History, K. (Sweden). D. of E., 1999. Ambio : a journal of the human 

environment., Ambio (Sweden). Royal Swedish Academy of Sciences. 

Langhamer, O. 2012. Artificial reef effect in relation to offshore renewable energy 

conversion: state of the art; Sci. World J., Article ID 3867138 

Langhamer, O., 2012. Artificial reef effect in relation to offshore renewable energy 

conversion: state of the art. ScientificWorldJournal. 2012, 386713. 

doi:10.1100/2012/386713 

Langhamer, O., Dahlgren, T.G., Rosenqvist, G., 2018. Effect of an offshore wind farm 

on the viviparous eelpout: Biometrics, brood development and population studies 

in Lillgrund, Sweden. Ecol. Indic. 84, 1–6. doi:10.1016/J.ECOLIND.2017.08.035 

Lass, H.U., Mohrholz, V., Knoll, M., Prandke, H., 2008. Enhanced mixing downstream 

of a pile in an estuarine flow. J. Mar. Syst. 74, 505–527. 

doi:10.1016/J.JMARSYS.2008.04.003 

Leonhard, S., C. Stenberg, J. Støttrup. 2011.Effect of the Horns Rev 1 Offshore Wind 

Farm on Fish Communities Follow-up Seven Years after Construction. DTU Aqua 

Rep. (2011), p. 99 

Li, X., Chi, L., Chen, X., Ren, Y., Lehner, S., 2014. SAR observation and numerical 

modeling of tidal current wakes at the East China Sea offshore wind farm. J. 

Geophys. Res. Ocean. 119, 4958–4971. doi:10.1002/2014JC009822 

Lindeboom, H.J., Kouwenhoven, H.J., Bergman, M.J.N., Bouma, S., Brasseur, S., 

Daan, R., Fijn, R.C., de Haan, D., Dirksen, S., van Hal, R., Hille Ris Lambers, R., 

ter Hofstede, R., Krijgsveld, K.L., Leopold, M., Scheidat, M., 2011. Short-term 

ecological effects of an offshore wind farm in the Dutch coastal zone; a 

compilation. Environ. Res. Lett. 6, 035101. doi:10.1088/1748-9326/6/3/035101 

Lindeboom, H.J., Kouwenhoven, H.J., Bergman, M.J.N., Bouma, S., Brasseur, S., 

Daan, R., Fijn, R.C., de Haan, D., Dirksen, S., van Hal, R., Hille Ris Lambers, R., 

ter Hofstede, R., Krijgsveld, K.L., Leopold, M., Scheidat, M., 2011. Short-term 

ecological effects of an offshore wind farm in the Dutch coastal zone; a 

compilation. Environ. Res. Lett. 6, 035101. doi:10.1088/1748-9326/6/3/035101 

Lucke, K., Lepper, P.A., Blanchet, M.-A., Siebert, U., 2011. The use of an air bubble 

curtain to reduce the received sound levels for harbor porpoises ( Phocoena 

phocoena ). J. Acoust. Soc. Am. 130, 3406–3412. doi:10.1121/1.3626123 

Lusher, A.L.; Hollman, P.C.H.; Mendoza-Hill, J.J. 2017. Microplastics in fisheries and 

aquaculture: status of knowledge on their occurrence and implications for aquatic 

organisms and food safety. FAO Fisheries and Aquaculture Technical Paper. No. 

615. Rome, Italy. 133 pp. 



 

 
54 

Maar, M., Bolding, K., Petersen, J.K., Hansen, J.L.S., Timmermann, K., 2009. Local 

effects of blue mussels around turbine foundations in an ecosystem model of 

Nysted off-shore wind farm, Denmark. J. Sea Res. 62, 159–174. 

doi:10.1016/J.SEARES.2009.01.008 

Madsen, P., Wahlberg, M., Tougaard, J., Lucke, K., Tyack, P., 2006. Wind turbine 

underwater noise and marine mammals: implications of current knowledge and 

data needs. Mar. Ecol. Prog. Ser. 309, 279–295. doi:10.3354/meps309279 

Masden, E.A., Haydon, D.T., Fox, A.D., Furness, R.W., 2010. Barriers to movement: 

Modelling energetic costs of avoiding marine wind farms amongst breeding 

seabirds. Mar. Pollut. Bull. 60, 1085–1091. 

doi:10.1016/J.MARPOLBUL.2010.01.016 

Masden, E.A., McCluskie, A., Owen, E., Langston, R.H.W., 2015. Renewable energy 

developments in an uncertain world: The case of offshore wind and birds in the 

UK. Mar. Policy 51, 169–172. doi:10.1016/J.MARPOL.2014.08.006 

Meissner, K. & Sordyl, H., 2006. Literature review of offshore wind farms with regard 

to benthic communities and habitats. – Pages 1-46 in Zucco et al. (2006). 

Nedwell J., Howell D., 2004. A review of offshore windfarm related underwater noise 

sources. Cowrie Rep 544 R 0308:1–57 

Nedwell, J.R., D. Howell. 2004. A Review of Offshore Wind Farm-related Underwater 

Noise Sources. Report No. 544 R 0308 Collaborative Offshore Wind Energy 

Research into the Environment, London (2004) 

OSPAR 2004 Problems and benefits associated with the development of offshore 

windfarms OSPAR Commission, Biodiversity Series ISBN 1-904426-48-4 

Painter, A., Little, B. & Lawrence, S. 1999. Continuation of Bird Studies at Blyth 

Harbour Wind Farm and the Implications for Offshore Wind Farms.  Report by 

Border Wind Limited DTI,ETSU W/13/00485/00/00. 

Papathanasopoulou, E., Beaumont, N., Hooper, T., Nunes, J., Queirós, A.M., 2015. 

Energy systems and their impacts on marine ecosystem services. Renew. Sustain. 

Energy Rev. 52, 917–926. doi:10.1016/J.RSER.2015.07.150 

Petersen, J.K., Malm, T., 2009. Offshore Windmill Farms: Threats to or Possibilities for 

the Marine Environment. http://dx.doi.org/10.1579/0044-

7447(2006)35[75:OWFTTO]2.0.CO;2. doi:10.1579/0044-

7447(2006)35[75:OWFTTO]2.0.CO;2 

Petersen, J.K., Malm, T., 2009. Offshore Windmill Farms: Threats to or Possibilities for 

the Marine Environment. http://dx.doi.org/10.1579/0044-

7447(2006)35[75:OWFTTO]2.0.CO;2. doi:10.1579/0044-

7447(2006)35[75:OWFTTO]2.0.CO;2 



 

 
55 

Pettersson, J.  2005.  The Impact of Offshore Wind Farms on Bird Life in Southern 

Kalmar Sound, Sweden. A final report based on studies 1999–2003.  Report for the 

Swedish   Energy Agency. Lund, Sweden: Lund University. 

POPPER, A.N., HASTINGS, M.C., 2009. The effects of human-generated sound on 

fish. Integr. Zool. 4, 43–52. doi:10.1111/j.1749-4877.2008.00134.x 

Raoux, A., J.M. Dambacherc, J.-P. Pezyb, C. Mazéd, J.-C. Dauvinb, N. Niquil, 2018. 

Assessing cumulative socio-ecological impacts of offshore wind farm development 

in the Bay of Seine (English Channel). Mar. Policy 89, 11–20. 

doi:10.1016/J.MARPOL.2017.12.007 

Raoux, A., Lassalle, G., Pezy, J.-P., Tecchio, S., Safi, G., Ernande, B., Mazé, C., Loc’h, 

F. Le, Lequesne, J., Girardin, V., Dauvin, J.-C., Niquil, N., 2018. Measuring 

sensitivity of two OSPAR indicators for a coastal food web model under offshore 

wind farm construction. Ecol. Indic. doi:10.1016/J.ECOLIND.2018.07.014 

Raoux, A., Tecchio, S., Pezy, J.-P., Lassalle, G., Degraer, S., Wilhelmsson, D., Cachera, 

M., Ernande, B., Le Guen, C., Haraldsson, M., Grangeré, K., Le Loc’h, F., Dauvin, 

J.-C., Niquil, N., 2017. Benthic and fish aggregation inside an offshore wind farm: 

Which effects on the trophic web functioning? Ecol. Indic. 72, 33–46. 

doi:10.1016/J.ECOLIND.2016.07.037 

Rennau, H., Schimmels, S., Burchard, H., 2012. On the effect of structure-induced 

resistance and mixing on inflows into the Baltic Sea: A numerical model study. 

Coast. Eng. 60, 53–68. doi:10.1016/J.COASTALENG.2011.08.002 

Reubens, J.T., Degraer, S., Vincx, M., 2011. Aggregation and feeding behaviour of 

pouting (Trisopterus luscus) at wind turbines in the Belgian part of the North Sea. 

Fish. Res. 108, 223–227. doi:10.1016/j.fishres.2010.11.025 

Reubens, J.T., Pasotti, F., Degraer, S., Vincx, M., 2013. Residency, site fidelity and 

habitat use of Atlantic cod (Gadus morhua) at an offshore wind farm using acoustic 

telemetry. Mar. Environ. Res. 90, 128–135. 

doi:10.1016/J.MARENVRES.2013.07.001 

Richardson, W.J. (William J., 1995. Marine mammals and noise. Academic Press. 

Salvador, S., Gimeno, L., Sanz Larruga, F.J., 2018. The influence of regulatory 

framework on environmental impact assessment in the development of offshore 

wind farms in Spain: Issues, challenges and solutions. Ocean Coast. Manag. 161, 

165–176. doi:10.1016/J.OCECOAMAN.2018.05.010 

Schröder, A., Gutow, L., Joschko, T., Krone, R., Gusky, M., Paster, M. and Potthoff, 

M., 2013. Benthosökologische Auswirkungen von Offshore-Windeneregieparks in 

der Nordsee (BeoFINO II). Abschlussbericht zum Teilprojekt B 

“Benthosökologische Auswirkungen von Offshore-Windenergie-parks in Nord- 

und Ostsee. Prozesse im Nahbereich der Piles”. BMU Förderkennzeichen 

0329974B. hdl:10013/epic.40661.d001. 



 

 
56 

Sheehy, D. J., & Vik, S. F. (2010). The role of constructed reefs in non-indigenous 

species introductions and range expansions. Ecological Engineering, 36(1), 1–11. 

https://doi.org/10.1016/j.ecoleng.2009.09.012 

Sheehy, D.J., Vik, S.F., 2010. The role of constructed reefs in non-indigenous species 

introductions and range expansions. Ecol. Eng. 36, 1–11. 

doi:10.1016/j.ecoleng.2009.09.012 

Shields, M.A., A.I.L. Payne. 2014.Marine Renewable Energy Technology and 

Environmental Interactions, Humanity and the Sea. Springer Sciences (2014), p. 

176 

Smith, E.P., Orvos, D.R., Cairns Jr., J., 1993. Impact Assessment Using the Before-

After-Control-Impact (BACI) Model: Concerns and Comments. Can. J. Fish. 

Aquat. Sci. 50, 627–637. doi:10.1139/f93-072 

Smyth, K., Christie, N., Burdon, D., Atkins, J.P., Barnes, R., Elliott, M., 2015. 

Renewables-to-reefs? – Decommissioning options for the offshore wind power 

industry. Mar. Pollut. Bull. 90, 247–258. 

doi:10.1016/J.MARPOLBUL.2014.10.045 

Stenberg, C., Støttrup, J., van Deurs, M., Berg, C., Dinesen, G., Mosegaard, H., Grome, 

T., Leonhard, S., 2015. Long-term effects of an offshore wind farm in the North 

Sea on fish communities. Mar. Ecol. Prog. Ser. 528, 257–265. 

doi:10.3354/meps11261 

Sturve, J., Berglund, A., Balk, L., Broeg, K., Böhmert, B., Massey, S., Savva, D., 

Parkkonen, J., Stephensen, E., Koehler, A., Förlin, L., 2005. Effects of dredging in 

Göteborg harbor, Sweden, assessed by biomarkers in eelpout (Zoarces viviparus). 

Environ. Toxicol. Chem. 24, 1951–61. 

Teilmann, J., Carstensen, J., 2012. Negative long term effects on harbour porpoises 

from a large scale offshore wind farm in the Baltic—evidence of slow recovery. 

Environ. Res. Lett. 7, 045101. doi:10.1088/1748-9326/7/4/045101 

Topham, E., McMillan, D., 2017. Sustainable decommissioning of an offshore wind 

farm. Renew. Energy 102, 470–480. doi:10.1016/J.RENENE.2016.10.066 

Tougaard, J., Carstensen, J., Teilmann, J., Skov, H., Rasmussen, P., 2009. Pile driving 

zone of responsiveness extends beyond 20 km for harbor porpoises ( Phocoena 

phocoena (L.)). J. Acoust. Soc. Am. 126, 11–14. doi:10.1121/1.3132523 

Tougaard, J., Henriksen, O.D., Miller, L.A., 2009. Underwater noise from three types of 

offshore wind turbines: Estimation of impact zones for harbor porpoises and harbor 

seals. J. Acoust. Soc. Am. 125, 3766–3773. doi:10.1121/1.3117444 

TOUGAARD, J., MADSEN, P.T., WAHLBERG, M., 2008. UNDERWATER NOISE 

FROM CONSTRUCTION AND OPERATION OF OFFSHORE WIND FARMS. 

Bioacoustics 17, 143–146. doi:10.1080/09524622.2008.9753795 



 

 
57 

UNEP and GRID-Arendal, 2016. Marine Litter Vital Graphics. United Nations 

Environment Programme and GRID-Arendal. Nairobi and Arendal. 

www.unep.org, www.grida.no 

van der Molen, J., Smith, H.C.M., Lepper, P., Limpenny, S., Rees, J., 2014. Predicting 

the large-scale consequences of offshore wind turbine array development on a 

North Sea ecosystem. Cont. Shelf Res. 85, 60–72. doi:10.1016/J.CSR.2014.05.018 

van Hal, R., Griffioen, A.B., van Keeken, O.A., 2017. Changes in fish communities on 

a small spatial scale, an effect of increased habitat complexity by an offshore wind 

farm. Mar. Environ. Res. 126, 26–36. doi:10.1016/J.MARENVRES.2017.01.009 

Vanhellemont, Q., Ruddick, K., 2014. Turbid wakes associated with offshore wind 

turbines observed with Landsat 8. Remote Sens. Environ. 145, 105–115. 

doi:10.1016/J.RSE.2014.01.009 

Wahlberg, M., Westerberg, H., 2005. Hearing in fish and their reactions to sounds from 

offshore wind farms. Mar. Ecol. Prog. Ser. 288, 295–309. 

doi:10.3354/meps288295 

Wang, T., Zou, X., Li, B., Yao, Y., Li, J., Hui, H., Yu, W., Wang, C., 2018. 

Microplastics in a wind farm area: A case study at the Rudong Offshore Wind 

Farm, Yellow Sea, China. Mar. Pollut. Bull. 128, 466–474. 

doi:10.1016/J.MARPOLBUL.2018.01.050 

Westerberg H. and Begout-Anras M. 2000. Orientation of silver eel (Anguilla anguilla) 

in a disturbed geomagnetic field Advances in Fish Telemetry: Proc. 3rd Conf. on 

Fish Telemetry Centre for Environment, Fisheries and Aquaculture Science 

(Lowestoft) ed. A Moore and I Russel 149–58 

WESTERBERG, H., LAGENFELT, I., 2008. Sub-sea power cables and the migration 

behaviour of the European eel. Fish. Manag. Ecol. 15, 369–375. 

doi:10.1111/j.1365-2400.2008.00630.x 

Wilhelmsson, D., Malm, T., 2008. Fouling assemblages on offshore wind power plants 

and adjacent substrata. Estuar. Coast. Shelf Sci. 79, 459–466. 

doi:10.1016/j.ecss.2008.04.020 

WILHELMSSON, D., MALM, T., OHMAN, M., 2006. The influence of offshore 

windpower on demersal fish. ICES J. Mar. Sci. 63, 775–784. 

doi:10.1016/j.icesjms.2006.02.001 

Wilhelmsson, D., T. Malm, R. Thompons, J. Tchou, G. Sarantakos, N. McCormick, S. 

Luitjens, M. Gullstrom, J. Patterson Edwards, O. Amir, A. Dubi. 2010. Greening 

Blue Energy: Identifying and Managing the Biodiversity Risks and Opportunities 

of offshore Renewable Energy. IUCN, Gland, Switzerland (2010) 

Williams, R., A.J. Wright, E. Ashe, L.K. Blight, R. Bruintjes, R. Canessa, C.W. Clark, 

S. Cullis-Suzuki, D.T. Dakin, C. Erbe, P.S. Hammond, N.D. Merchant, P.D. 

O'Hara, J. Purser, A.N. Radford, S.D. Simpson, L. Thomas, M.A. Wale, 2015. 



 

 
58 

Impacts of anthropogenic noise on marine life: Publication patterns, new 

discoveries, and future directions in research and management. Ocean & Coastal 

Management, 115: 17-24. 

Winkelman, J.E. 1992a. The Impact of the Sep Wind Park NearOosterbierum, the 

Netherlands on Birds 1: Collision Victims.RIN rapport 92/2 Arnhem: Rijksintituut 

voor Natuurbeheer. 

Winkelman, J.E. 1992b. The impact of the Sep wind park nearOosterbierum, the 

Netherlands on birds 2: nocturnal collisionrisks. RIN rapport 92/3 Arnhem: 

Rijksintituut voor Natuurbeheer. 

WSPA, 2014. Fishing’s phantom menace. How ghost fishing gear is endangering our 

sea life. World Society for the Protection of Animals. World Animal Protection, 

London, 33 pp.  

Würsig, B., Greene, C.R., Jefferson, T.A., 2000. Development of an air bubble curtain 

to reduce underwater noise of percussive piling. Mar. Environ. Res. 49, 79–93. 

doi:10.1016/S0141-1136(99)00050-1 

 


