
WORKSHOP OBJECTIVE

The main objective of the workshop is 

to complete  proposed Short Scientific 

Summaries (SSS) of "Good 

Environmental Status descriptors",  to 

validate and complement the content 

and knowledge gaps identified in these 

Short Scientific Sunnmaries developed 

for each of the descriptors.  

HOW TO USE MURAL

Add  a post-it:  double-click anywhere then click-out of 

the box and back in to type in  text

At the bottom on the right you find the tools to zoom in 

and out and the hand to move the Mural without 

modifying anything. 

Top right: you can click on the outline to go where 

you want and to each descriptor

On the left you have tools to add anything: text, image, 

forms, etc.

PREWORKSHOP  COMMENTS ON DESCRIPTORS

THIS BOARD:

We have prepared separate areas in this Mural, one  for each 

descriptor  for you to add your comments to help us structure the 

break out sessions and enable a  more productive  session.   Please 

choose at least one descriptor that you feel best equipped to 

comment on. Your input now will help structure and prioritise the 

issues and descriptors for discussion in the break out groups.   

Go to "How to use mural" to move around and "Instructions" to get 

started with your descriptor(s) - outline to reach these areas is on top 

right

INSTRUCTIONS

We would value your comments, addings and suggestions on as many descriptors as you want (at least one is already great!!) 

For each descriptor you choose:

1- Read the SSS and keep it handy

2- Go to the Outline and click on the desccriptor

3- Provide comments on the key points listed on top of the area (general comments, methodology, key gaps etc.) 

4- to provide comments: double click to create a stiky note, one idea/comment per sticky note`

5- Don't forget to comment on aspects like cumulative impacts

THANK YOU!! 

  .     

I really don't think there are 

any true positive impacts 

from OWF. There may be 

OWF with less impacts and 

those with greater impacts, 

and very very locally 

biodiversity may increase 

but overall I sincerely doubt 

that it will have a net 

positive effect.

I think it is important 

to underline that 

analysis of 

cumulative impacts 

should include not 

only OWF but all 

pressures

I didn't really see the 

difference of the 

section on 

cumulative effects 

compared to the 

section on key 

findings?

OWF in operation 

may interfere 

with cetacean 

communication, 

especially 

harbour porpoise

Descriptor 1: Marine Biodiversity

Please comment on the Short Scientific 

Summary

1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

Analysis of cumulative 

impact may have to be 

done at a higher level than 

for individual OWFs or 

other projects, because 

doing it for one project at 

a time severely increases 

the risk of shifting 

baselines

It would be important to 

include effects 

(behavioural and others) 

linked to electromagnetic 

fields generated by cables. 

And, if cables are out of 

scope, it would important 

to acknowledge that this is 

a gap. 

While decommissioning is not in 

the scope of the review for this 

descriptor, it is critical to 

understand the overall impact of 

OWFs. This is also relevant to 

assess the impacts in terms of 

biodiversity increase, which is 

often presented as positive but 

there seems to be no conclusive 

evidence that this is the case. 

Was collision risk 

for mammals 

linked to service 

and installation 

vessels 

considered? 

what about the effect of 

electromagnetic fields (from 

cables etc) on elasmobranch 

species? the EDEN2000 studies 

by the Royal Belgian Institute fo 

Natural Sciences (published in 

2023) did provide some 

interesting indications on this 

matter, as well as other matter of 

major importance in the context 

of this workshop. 

OWF are said to be 

able to provide artificial 

reefs but we need long 

term monitoring to 

understand if this is 

actually a positive or 

negative impact 

I'm always unconfortable with the 

notion of "positive and negative" 

effect. A positive effect for a specie 

can be negative for other and 

conversely. For example, the reef 

effect is generally mention as a 

positive effect of OFW, but is it a 

really positive effect ? It induce a 

changes of habitat but we cant' 

affirm that the effect is positive for 

all marines species of the 

ecosystem.

For the section on birds, we'd need more 

contextual information, or not go into detail 

about individuals. Depending on colonies, 

local populations, species frequentation 

rates and the presence or absence of 

functional areas, behavior (and therefore 

risks for species) will differ. Collision risk 

levels, for example, can vary from one site to 

another for the same species, because the 

characteristics of the associated populations 

are not the same. Some raptors for example 

(peregrine falcons) have been observed on 

wind turbines undergoing maintenance 

(FLOATGEN)

For effects on fish and 

benthic communities: species 

don't prefer artificial reef. 

Artificial hard substrate are 

colonised by biofouling and 

this one induce a temporary 

agregating effect that lead to 

a reef effect. The fish species 

are attracted by the 

opportunity to find food

Gill, A.B. and M. Desender. 2020. Risk 

to Animals from Electromagnetic Fields 

Emitted by Electric Cables and Marine 

Renewable Energy Devices. In A.E. 

Copping and L.G. Hemery (Eds.), 

OESEnvironmental 2020 State of the 

Science Report: Environmental Effects 

of Marine Renewable Energy 

Development Around the World. Report 

for Ocean Energy Systems (OES). (pp. 

86-103). doi:10.2172/1633088

Do we understand 

how changes to fish 

behaviour may 

change bird 

behaviour (changing 

collision risk) and 

mammal behaviour 

In terms of demersal and 

benthic species , the 

cumulative impact part would 

benefit from the point 

highlighted in the commercial 

fish and shellfish species in 

terms of:

Genetic and behavioral 

adaptations

need to show a clear method and 

linkage between policies across EU/

international laws -see example 

https://doi.org/10.1016/j.eiar.2023.107153

 

https://doi.org/10.1016/j.eiar.2023.107153

Knowledge gap: Is 

OWF attracting species 

or creating a surplus in 

the population. 

Possible spillover effect 

not known, also in 

relation to biodiversity 

gain.

Knowledge gaps: 

Not only time scale 

is  an issue for 

population level, 

but also spatial 

extent of multiple 

windfarms.

Report remark: Key findings 

could be better structures, as 

two section on colliosn birds/

bats, what is the difference? 

Same for sound, first point is 

about fish, not mamals.

Second, section on 

cumulative effects is same 

messages as key findings. 

Added value? 

I think there are useful considerations on effect modifiers that 

we can glean from previous reviews in the space, for 

example:  Galparsoro et al 2022 (10.1038/s44183-022-00003-

5): (for marine mammals) Most studies reported negative 

impacts related to short term exposures during the 

construction phase. While there were some ‘positive’ impacts 

e.g. artificial reef effects, reduced fishing pressures, this may 

be dependent on wind farm age as artificial reef effects may 

decline with the age of the wind farm (

https://doi.org/10.1016/j.scitotenv.2024.173241

). Furthermore, the review reported high uncertainty in impact 

magnitude. This heterogeneity may be explained by a 

consideration of the life stage of the species (e.g. accounting 

for seasonal migration, breeding, life stage), the time of year 

(e.g. in shelf seas tidal fronts can be important for foraging 

and thus impacts even in the same location can vary 

depending on the season) or initial ecosystem state/

resilience, or other effect-modifying factors. In order to better 

minimize these impacts, knowledge of how these factors 

associate with different impacts could be valuable.      

https://doi.org/10.1016/j.scitotenv.2024.173241

The impacts of floating 

windfarms should also 

be addressed (e.g. 

marine mammal 

entaglement in 

mooring lines or debris 

caught on mooring 

lines)

As said, it is important that 

cumulative impacts do not 

include only OWF-related 

pressures, since interactions of 

OWF-pressures with ongoing 

human activities and pressures 

may exarcebate the impact on 

wild populations, particularly 

concerning for endangered 

species.

More information should be 

included about the impacts during 

operational phase (relevant for 

floating and bottom-fixed OWF).  

Despite most studies reporting no 

effects on marine mammals, the 

information is limited and there are 

still potential for behavioural 

changes due to OWF operation 

(e.g. Marmo et al 2013), which may 

particularly affect vulnerable 

species. 

And about the 

effect of 

electromagnetic 

fields in marine 

mammals.

Despite the migration 

and barrier effect being 

mentioned for seabirds, 

the same can apply to 

marine mammals  though 

limited information is 

available (why it should 

be considered a 

knowledge gap). 

Only the effects of 

OWFs are described 

under cumulative 

effects. I would expect 

a description of the 

OWF pressures in 

relation to other 

activities. 

I think the effects of 

upscaling the total 

OWF area is a 

major knowledge 

gap which is not 

specifically 

mentioned here

GAP: introduction of permanent physical barriers by alteering 

the water currents. Thus changes in daily/seasonal migration of 

large fish marine mammals and turtles can be observed. 

    Soukissian, T.; F. Karathanasi, P. Axaopoulos (2016). Satellite-

based offshore wind resource assessment in the mediterranean 

sea. IEEE J. Ocean. Eng., pp. 1-14      

   Quéroué, Maud, Matthieu Authier, Aurélien Besnard, and 

Karine Heerah. (2024). “Going Digital: Challenges in Monitoring 

Marine Megafauna When Comparing Results from Visual and 

Digital Aerial Surveys.” Frontiers in Marine Science 11 (October). 

https://doi.org/10.3389/fmars.2024.1432798.      

   Allen, S., A.N. Banks, R.W.G. Caldow, T. Frayling, M. Kershaw, 

and H. Rowell. (2019). Developments in Understanding of Red-

Throated Diver Responses to Offshore Wind Farms in Marine 

Special Protection Areas. Marine Protected Areas: Science, 

Policy and Management, 573–86. Elsevier. https://doi.org/10.1016/

B978-0-08-102698-4.00029-0.      

cumulative/ population effects technical report structure
out of scope

knowldge gaps
others

Surprised to find out 

there has been an 

increase in Harbour 

porpoise abundance 

within Dutch operational 

windfarms. Most studies 

focus Harbour porpoise 

being deterred from 

these areas. 

Also need to 

consider the use of 

additional vessels for 

the deployment of 

noise abatement / 

reduction systems 

e.g., bubble curtains. 

PTS and TTS are 

mentioned as injury 

from noise, but 

behavioural changes 

from disturbance can 

also have severe effects 

on individual and 

population level.

The impact of construction 

noise on spawning for 

shorter-lived species could 

be detrimental, e.g. if one 

annual spawning event is 

impacted, this could have 

negative future 

consequences for stocks 

(e.g. herring)

Descriptor 11: Energy, 

including underwater noise

1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

Invertebrate organisms can be impacted by noise, with 

consequences for orientation, but there are nor clear 

threshold values yet.

Kok ACM, Berkhout BW, Carlson NV, Evans NP, Khan N, 

Potvin DA, Radford AN, Sebire M, Shafiei Sabet S,

Shannon G and Wascher CAF (2023) How chronic 

anthropogenic noise can affect wildlife communities. Front.

Ecol. Evol. 11:1130075. doi: 10.3389/fevo.2023.1130075

Sole´ M, Kaifu K, Mooney TA, Nedelec SL, Olivier F, Radford 

AN, Vazzana M, Wale MA, Semmens JM, Simpson

SD, Buscaino G, Hawkins A, Aguilar de Soto N, Akamatsu T, 

Chauvaud L, Day RD, Fitzgibbon Q, McCauley

RD and Andre´ M (2023) Marine invertebrates and noise. 

Front. Mar. Sci. 10:1129057. doi:

10.3389/fmars.2023.1129057
Fish noise threshold values are 

set by investigating physical 

effect, disregarding behavioural 

changes. Some animals are 

attracted (de Jong et al. 2020). 

Construction periods should be 

outside spawning times if 

exceeding harmful levels (de 

Jong et el. 2020; Sivle et al.  

2024)

Mooney, T.A;, Andersson, 

M.H., Stanley, J., (2020): 

Acoustic impacts of offshore 

wind energy on fishery 

resources: An evolving 

source and varied effects 

across a wind farm's lifetime. 

In Oceanography 33(4):82-

95, 14p. 

What about the impacts 

of underwater noise 

during floating offshore 

wind construction? Is 

the impact less 

significant than fixed 

offshore wind 

construction?

Did any of studies 

look specifically 

at Harbour 

porpoise SAC's in 

UK waters?

How do the 

vibrations caused 

by underwater 

noise affect 

benthic species?

Population level other literature questions comments

GAP: input of light from artificial 

light sources due to offshore 

infrastructure 

OSPAR has a study about this - 2015

   OSPAR Commission. (2015). 

Guidelines to reduce the impact of 

offshore installations lighting on 

birds in the OSPAR maritime area 

(OSPAR Agreement 2015-08).   

 GAP: Impulsive noise induced by 

(seismic) surveys during the exploration 

phase (   Mooney, T. A., Andersson, M. H., 

& Stanley, J. (2020). Acoustic impacts of 

offshore wind energy on fishery 

resources. Oceanography, 33(4), 82-95.     

 

;  Sarnocińska, J., Teilmann, J., Balle, J. D., 

van Beest, F. M., Delefosse, M., & 

Tougaard, J. (2020). Harbor porpoise 

(Phocoena phocoena) reaction to a 3D 

seismic airgun survey in the North 

Sea. Frontiers in Marine Science, 6, 824    

).    

 Continued noise at exploration and 

construction phase from associated boat 

traffic by e.g. maintenance vessels during 

exploration, construction or 

decommissioning, as well as from OWF 

operation itself. No difference expected 

between bottom-fixed turbines and floating 

OWF (   Maxwell, S.M., Kershaw, F., Locke, 

C.C., Conners, M.G., Dawson, C., 

Aylesworth, S., Loomis, R. & Johnson, A.F. 

(2022). Potential impacts of floating wind 

turbine technology for marine species and 

habitats. Journal of Environmental 

Management, 307, p.114577.      ).     

   An increase in maritime traffic is 

expected during the construction and 

operational phase, and it has already 

been demonstrated that noise caused 

by ships is a substantial source of 

disturbances in communication and 

feeding in cetaceans (reaction 

dependent on the type and behavior of 

the ship) (Dyndo et al., 2015; 

Wisniewska et al. 2018).  Hence, more 

knowledge about the effect of vessels 

related with OWF should be included 

as a knowledge gap

As few studies were available from OWF 

regarding colonisation by NIS and its impacts 

on native communities and ecosystems, 

lessons learned from other man-made 

structures colonisation (e.g. harbours) could 

bring light on how to reduce OWF impact on 

D2, as similar vessels dynamic, risk of 

introductions, and type of infrastructures as 

well as ecological connectivity issues may 

apply to OWF as well.

This would be particularly interesting if 

focusing on ways to prevent the "artificial 

reef effect", as mentioned in the SSS report.

Preventive and monitoring 

measures within OWF 

planning / operation 

should follow adopted 

guidelines (e.g IMO ballast 

and fouling guidelines) as 

also acknowledged in the 

SSS report.

Modelling approaches, 

based on shipping 

activity and routes as 

risk to new introductions 

could be helpful in risk 

assessment for new/

planned OWF 

settlements

In relation to OWF threats to D2, the work 

undertaken at the level of RSCs, and other 

regional initiatives (such as e.g. ICES 

WGITMO) will be crucial to understand 

regional pools and trends of NIS and 

associated risks of increased OWF activity. 

As recognised in the SSS report their 

"stepping stone effect" and interference 

with species connectivity needs to be 

addressed within a MSP context at a 

broader regional context. A risk based 

approach  for OWF in relation to D2 should 

be considered based on location, park 

size, features, type of activity etc.. 

Descriptor 2: Non Indigenous 

specis

1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

There are some important references which are not included 

in the review, which can give more insights into the impacts, 

related to hydrodynamics, coastal erosion, etc.

Shields, M. A., D. K. Woolf, E. P. M. Grist, S. A. Kerr, A. C. 

Jackson, R. E. Harris, M. C. Bell, R. Beharie, A. Want, E. 

Osalusi, S. W. Gibb, J. Side, 2011. Marine renewable energy: 

The ecological implications of altering the hydrodynamics of 

the marine environment. Ocean & Coastal Management, 54: 2-

9.

Heery, E. C., M. J. Bishop, L. P. Critchley, A. B. Bugnot, L. 

Airoldi, M. Mayer-Pinto, E. V. Sheehan, R. A. Coleman, L. H. L. 

Loke, E. L. Johnston, V. Komyakova, R. L. Morris, E. M. A. 

Strain, L. A. Naylor, K. A. Dafforn, 2017. Identifying the 

consequences of ocean sprawl for sedimentary habitats. 

Journal of Experimental Marine Biology and Ecology, 492: 31-

48.

Krivtsov, V., B. Linfoot, 2012. Disruption to benthic habitats by 

moorings of wave energy installations: A modelling case 

study and implications for overall ecosystem functioning. 

Ecological Modelling, 245: 121-124.

Descriptor 7: Hydrographical 

Conditions

1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

Floeter, J., Beusekom, J.E.E.van., Auch, 

D., Callies, U., Carpenter, J., Dudeck, T., 

Eberle, S., Eckhardt, A., Gloe, D., 

Haenselmann, K., Hufnagl, M., Janssen, 

S., Lenhart, H., Moeller, K.O., North, 

R.P., Pohlmann, T., Riethmueller, R., 

Schulz, S., Spreizenbarth, S., Temming, 

A., Walter, B., Zielinski, O., Moellmann, 

C., (2017): Pelagic effects of offshore 

wind farm foundations in the stratified 

North Sea. In: Progress in 

Oceanography. Elsevier., 37p. DOI: 

10.1016/j.pocean.2017.07.003

Van Berkel, J., Burchard, H., 

Christensen, A., Mortensen, L.O., 

Svenstrup Petersen, O., Thomsen, 

F., (2020): The effects of offshore 

wind farms on hydrodynamics and 

implications for fishes. In Ocean. 

Soc. Vol 33(4). Special issues on 

understanding the effects of 

offshore wind energy 

developpement on fisheries, pp 108-

117

almost all the examples are shallow areas 

that don't strongly stratify or without strong 

tides (Med). Need more info from areas 

with stronger stratification where changes 

both from wind energy extraction and drag 

(and they need to be looked at separately 

and together - as very different forcing).  

Effects of energy extraction can be felt for 

60 km or more  - effects from drag only a 

few 10s of Km - but will change surface 

and bottom temperature, plankton, depth 

of mixed layer depth, etc. 

See https://doi.org/10.1093/icesjms/fsad194 https://doi.org/10.1093/icesjms/fsad194

change to composition and size of fishing 

industry - could some aspects go 'extinct'? 

Lowering food security, loss of local 

fishing knowledge and effecting coastal 

communities

See new paper with opinions from Fishing 

industry 

https://doi.org/10.1016/j.enpol.2025.114555https://doi.org/10.1016/j.enpol.2025.114555

Need to consider the impact of 

changes in mortality  (possibly 

spatial) due to reduction in 

fishing (industrial squeeze - 

displacement) - the effect of 

increases in large bodied fish 

species will have large effect on 

ecosystem - including lowering 

smaller bodied species (as seen 

in MPAs) which are main prey of 

seabirds and mammals

GAP: How to monitor 

fish stocks when also 

scientific data 

collection is hampered 

by OWF installations. 

How to include OWF 

effects in the fish stock 

models?

2. New evidence 

demonstrates impacts 

of underwater noise 

from pile-driving on the 

reproductive success 

of scallops (Gigot et al., 

2024, but evidence is 

lacking for other 

invertebrates. 

1. There is some specios-specific 

evidence for offshore wind 

farms acting as fish aggregation 

or dispersal devices, however 

the more pertinent questions we 

should be addressing are how 

construction and operation 

actvities impact on different life-

history and resprodcutive 

processes

Descriptor 3: Commercial Fish 

and Shellfish

1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

See all work conducted on OFW in 

Belgium : Degraer S., Brabant R., Rumes 

B., Vigin L., (eds), (2021): Environmental 

impacts of offshore wind farms in the 

Belgian Part of the North Sea. 

Attraction, avoidance and habitat use at 

various spatial scales. Memoirs on the 

Marine Environment. Brussels: Royal 

Belgian Institute of Natural Sciences, 

OD Natural Environment, Marine 

Ecology and Management, 140pp.

Effects from electromagnetic fields are 

referenced in D11 (Energy) - suggest 

considering under ecological effects given 

the potential effects across a range of 

species including those without 

electroreceptors. See body of work by 

Andrew Gill e.g. 

https://www.osti.gov/servlets/purl/1633088https://www.osti.gov/servlets/purl/1633088

Recent systematic literature review of 

the effects of OWF on fisheries 

outlines there is insufficient direct 

evidence to confidently determine 

OWF impacts on fisheries species. 

Most studies deal with indirect effects 

and population levels rather than stock 

levels which would need to be 

addressed to understand cumulative 

effects. Concurs with you conclusion 

on the need for targeted research and 

monitoring. 

https://onlinelibrary.wiley.com/doi/10.1111

/faf.12871

https://onlinelibrary.wiley.com/doi/10.1111

/faf.12871

Fish noise threshold values are 

set by investigating physical 

effect, disregarding behavioural 

changes. Some animals are 

attracted (de Jong et al. 2020). 

Construction periods should be 

outside spawning times if 

exceeding harmful levels (de 

Jong et el. 2020; Sivle et al.  

2024)

Defacto protection and 

refugia potential is directly 

opposed to policies of co-

existence and OWF design 

consideration minimising 

impact of fisheries. Defacto 

protection provides no legal 

protection and is quickly 

undermined

The economic impact of 

"new opportunities" needs 

to be assessed for the 

difference between 

theoretical and actual. This 

rarely if ever occurs in 

practice given for example 

investment, culture or 

training.
Gap exists on the 

distribution and equity 

and fairness of impacts 

distribution. Fishing is 

not one thing but a 

diverse group of 

related activities

While evidence of the impacts 

of OWFs on contaminants is 

limited, metals released from

corrosion and biofouling 

protection measures are at 

levels which do not give rise 

to pollution

effects.. This statement is not 

true. and should be reworded

Need to reword the 

statements about 

accumulation of Al, Zn 

and In as there are no 

data available of 

sampling during 

operation that controls 

for background levels 

Need to 

include 

aluminium . 

Needs to include more recent studies as they have 

now been published on metal releaser e.g. Watson 

et al. 2024 https://www.nature.com/articles/s44183-

024-00101-6

https://www.nature.com/articles/s44183-

024-00101-6

Descriptor 8: Contaminants
1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

 See Michelet & al. (2020) and 

associated reference for this section. 

Michelet N., Julian N., Duarte R., Burgeot 

T., Amouroux I., Dallet M., Caplat C., 

Gonzalez J.-L., Garreau P., Aragon E., 

Perrin F.-X., Safi G. Recommendations 

for the quantitative assessment of metal 

inputs in the marine environment from 

the galvanic anodes  of offshore 

renewable energy structures Plouzané: 

France Energies Marines Editions, 2020, 

34 pages  

 See Michelet & al. (2020) and 

associated reference for this section. 

Michelet N., Julian N., Duarte R., Burgeot 

T., Amouroux I., Dallet M., Caplat C., 

Gonzalez J.-L., Garreau P., Aragon E., 

Perrin F.-X., Safi G. Recommendations 

for the quantitative assessment of metal 

inputs in the marine environment from 

the galvanic anodes  of offshore 

renewable energy structures Plouzané: 

France Energies Marines Editions, 2020, 

34 pages  

GAP: mobilization 

of contaminants 

while 

decommissioning 

Hengstmann, E., Corella, P.Z., Alter, K., 

Belzunce-Segarra, M.J., Booth, A.M., Castro-

Jiménez, J., Czerner, N., De Cauwer, K., 

Deviller, G., Gomiero, A., Goseberg, N., 

Hasenbein, S., Kirchgeorg, T., Mason, C., 

Pape, W., Parmentier, K., Plaß, A., Pröfrock, D., 

Sarhadi, A., Vanavermaete, D., Van Der 

Molen, J., Vinagre, P.A., Wood, D., Weinberg, 

I., Windt, C., Zonderman, A., Kenyon, J., De 

Witte, B., 2025. Chemical emissions from 

offshore wind farms: From identification to 

challenges in impact assessment and 

regulation. Marine Pollution Bulletin 215, 

117915. https://doi.org/10.1016/

j.marpolbul.2025.117915

 

   Ebeling, A., 2024. Investigation of inorganic 

emissions from offshore wind structures and their 

potential impact on the marine environment. 

Universität Hamburg, Geesthacht.

    

  https://ediss.sub.uni-hamburg.de/handle/ediss/11218https://ediss.sub.uni-hamburg.de/handle/ediss/11218

eventhough the area of 

interest is the North 

Sea, other studies 

should not be looked 

over, as only so little is 

known in this field and 

so little field studies 

exist.

the figures says 

2 refernces 

were included 

but only one is 

cited

 

   Ebeling, A., Wippermann, D., Zimmermann, T., Klein, 

O., Kirchgeorg, T., Weinberg, I., Plass, A., Hasenbein, 

S., Pröfrock, D., 2025. Coupling metal concentrations 

and drift simulations for tracing emissions from 

offshore wind farms. Marine Pollution Bulletin 214, 

117810. https://doi.org/10.1016/j.marpolbul.2025.117810

    

  

https://doi.org/10.1016/j.marpolbul.2025.117810

 

   Wang, T., Ru, X., Deng, B., Zhang, C., Wang, X., 

Yang, B., Zhang, L., 2023. Evidence that offshore 

wind farms might affect marine sediment quality and 

microbial communities. Science of The Total 

Environment 856, 158782. 

https://doi.org/10.1016/j.scitotenv.2022.158782

    

  

https://doi.org/10.1016/j.scitotenv.2022.158782

regional background 

values are missing for 

emerging contaminants 

which complicates the 

assessment of OWF 

impact and source 

discrimination

the text says "There is a need for 

systematic studies to quantify and 

analyse the long-term release and 

ecological effects of contaminants 

from corrosion protection galvanic 

anodes (e.g., Gallium, Zinc, 

Indium)." --> there are several 

species-specific tox-studies, 

especially for Zn and Al from 

anodes (literature from group 

around Christelle Caplat

 

   Bedulina, D., Korez Lupše, Š., Hildebrandt, L., Duan, 

Y., Klein, O., Primpke, S., Bock, C., Krause, S., Czichon, 

S., Pröfrock, D., Gerdts, G., Lannig, G., 2024. Effect of 

Particles from Wind Turbine Blades Erosion on Blue 

Mussels Mytilus Edulis. Science of the Total 

Environment 957, 177509. 

https://doi.org/10.1016/j.scitotenv.2024.177509

    

  

https://doi.org/10.1016/j.scitotenv.2024.177509

yes, it is to 

early to give 

such a 

statement

 

   Degraer, S., Brabant, R., Rumes, B., 

Vigin, L., 2019. Environmental Impacts 

of Offshore Wind Farms in the Belgian 

Part of the North Sea: Marking a 

Decade of Monitoring, Research and 

Innovation. Royal Belgian Institute of 

Natural Sciences (RBINS), Brussels.

    Chapter 3

  

 

   Michelet N., Julian N., Duarte R., 

Burgeot T., Amouroux I., Dallet M., 

Caplat, C., Gonzalez J.-L., Garreau P., 

Aragon E., Perrin F.-X., Safi G., 2020. 

Recommendations for the quantitative 

assesment of metal inputs in the marine 

environment from the galvanic anodes 

of offshore renewable energy 

structures.

    

  

current work: 

ANEMOI EU 

Interreg 

project

study on cumulative effects (noise + Cd 

contamination):  

   Stenton, C.A., Bolger, E.L., Michenot, M., Dodd, J.A., 

Wale, M.A., Briers, R.A., Hartl, M.G.J., Diele, K., 2022. 

Effects of pile driving sound playbacks and cadmium 

co-exposure on the early life stage development of 

the Norway lobster, Nephrops norvegicus. Marine 

Pollution Bulletin 179, 113667. 

https://doi.org/10.1016/j.marpolbul.2022.113667

    

  

https://doi.org/10.1016/j.marpolbul.2022.113667

Transport mechanisms of particulate emissions 

from artificial marine structures – A review 

Czerner, Windt, Goseberg, 2025. 

https://doi.org/10.1016/j.marpolbul.2025.117728https://doi.org/10.1016/j.marpolbul.2025.117728

Sediment analysis in proximity and in 

distances downstream dominating currents 

and wind direction should be ordered. 

Aluminum is one focusarea as sacrificing 

anodes cosnsit of mainly aluminum, some 

zinc and traces of indium. High quality with 

little other metal remnants should be used, 

as 60 tons material per turbine ill corrode 

and degrade over time. They ma contain 

copper, silicium, iron, manganese, cadmium 

an lead. Alternative systems could be used, 

but may be more expensive (ICCP - 

impressed current cathodic protection 

system.

There is no mention of the 

spatio-temporal scale in 

the gaps section. The reef 

effect is localized at the 

scale of the OFW and its 

periphery. The impact on 

the food web is potentially 

limited on the scale of the 

OFW, but what is it really?

There is no mention of physical changes to 

mixing which will change plankton, 

nutrients and temperature  (see in next D5 

talk of chl-a) but physical changes needs to 

also be in food webs. 

Need to be able to model all the effects at 

once - see Ecosystem modelling 

approaches (with data collection 

suggestions) 

https://doi.org/10.1093/icesjms/fsad194   

Machine learning approaches 

  https://doi.org/10.1111/ecog.06925

and mechanistic modelling approaches 

https://doi.org/10.1111/2041-210X.13510

https://doi.org/10.1111/ecog.06925

https://doi.org/10.1111/2041-210X.13510

The accumulation of mussels at turbines is 

described to result in a phytoplankton 

increase related to ammonia excretion by 

mussels. However, as filter feeders mostly 

preying on phytoplankton, I expect this 

described effect only leads to a 

phytoplankton increase locally. In general, 

mussels decrease phytoplankton levels. 

Much of the energy uptake by mussels will 

likely be excreted as fecal pellets, sinking to 

the bottom. It is much more likely that a part 

of the carbon will shift from the pelagic to the 

benthic components, than that accumulation 

of mussels boost planktonic filter feeders, 

which is suggested in the text. 

Descriptor 4: Food Webs

1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

Wind turbines induce mixing, 

which results in changes in 

available nutrients and spm in 

the upper water column. This 

effects phytoplankton and 

primary production, especially 

in (seasonally) stratified areas 

(see: Zijl et al., 2021). This 

effect is currently not 

described in this section.

Zijl et al., 2021

Immediate reaction : 

SHORT INGRESS

Why rely on the very first GES definition ? Taking work done in regional conventions would go further, especially OSPAR. 

See here

https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/thematic-assessments/food-webs/state/

IMPACT OF OFFSHORE WIND ENERGY EXPANSION ON FOOD WEBS

Any impact on food webs should be as much as possible holistic (whole ecosystem or at least several trophic 

compartments) and functional (talking about processes and not stocks). So talking about biomasses and abundance is only 

valuable if connected with predation. 

Well, I do not know how to see the articles so I give my feeling just from the text.

The origin is interesting geographically, but I would like to see the connection between space and development of the 

OWF. For example, if in Denmark, you can have informations on all phases from exploration to decommissionning. If in 

France till 2022, you have only models or experiments as the OWF were absent or just beeing built. Results from 

simulations vs observations vs experimentations should be labelled as such. With priority given to in situ data. 

Study type : interesting to underline the lack of field observations compared to scenarios we made in France, for which we 

only had partial validation (see Raoux et al 2020 validating food web models with trophic levels with nitrogen isotopes) and 

not the validation of the reef effect (do we really observe now so many mussels installed as in Raoux et al 2019 and 2017). 

This is under study now, with the building going on and with the observations on the "Mat de Fécamp" installed 7 years ago 

in the place of the new OWF of Fécamp. 

"Research on demersal fish species, such as Atlantic cod (Gadus morhua) and pouting (Trisopterus luscus), indicates 

aggregation around artificial hard substrates of OWFs, suggesting their role as feeding grounds (50)." => We miss the food 

web information, do we have stomach contents, isotopes or any clue on the consumption ?

CUMULATIVE IMPACTS

I think that all the papers by Nogues (or Noguès) are missing. They are important for simulating cumulative impacts and 

analysing the information based on Food Web functionning studied by ENA indices (Ecological Network Analysis)

KNOWLEDGE GAPS

Yes I agree, nice and complete questions

Eventually add analyses based on stable isotopes and stomach contents

With the advantage of stable isotopes being linked with different integration time, according to the organ analysed

https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/thematic-assessments/food-webs/state/

Invertebrate organisms can be impacted by noise, with 

consequences for orientation, but there are nor clear 

threshold values yet.

Kok ACM, Berkhout BW, Carlson NV, Evans NP, Khan N, 

Potvin DA, Radford AN, Sebire M, Shafiei Sabet S,

Shannon G and Wascher CAF (2023) How chronic 

anthropogenic noise can affect wildlife communities. Front.

Ecol. Evol. 11:1130075. doi: 10.3389/fevo.2023.1130075

Sole´ M, Kaifu K, Mooney TA, Nedelec SL, Olivier F, Radford 

AN, Vazzana M, Wale MA, Semmens JM, Simpson

SD, Buscaino G, Hawkins A, Aguilar de Soto N, Akamatsu T, 

Chauvaud L, Day RD, Fitzgibbon Q, McCauley

RD and Andre´ M (2023) Marine invertebrates and noise. 

Front. Mar. Sci. 10:1129057. doi:

10.3389/fmars.2023.1129057

Ongoing project OLAMUR 

will analyze some blue 

mussels for contaminants 

in pilot windfarms to 

investigate multi-use of 

area with seafood 

(macroalgae and blue 

mussel farming. 

https://olamur.eu/https://olamur.eu/

Maybe it could 

be learned from 

other offshore 

installations (oil).

 

   Bedulina, D., Korez Lupše, Š., Hildebrandt, L., 

Duan, Y., Klein, O., Primpke, S., Bock, C., Krause, 

S., Czichon, S., Pröfrock, D., Gerdts, G., Lannig, 

G., 2024. Effect of Particles from Wind Turbine 

Blades Erosion on Blue Mussels Mytilus Edulis. 

Science of the Total Environment 957, 177509. 

https://doi.org/10.1016/j.scitotenv.2024.177509

    

  

https://doi.org/10.1016/j.scitotenv.2024.177509

See Watson et al 2024 paper. Should include recent 

paper.  Significant risks of metal accumulation in co-

located aquaculture species. 

https://www.nature.com/articles/s44183-024-00101-6https://www.nature.com/articles/s44183-024-00101-6

Descriptor 9: Contaminants in 

Seafood

1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

current work: 

ANEMOI EU 

Interreg 

project

A lot of the the for descriptor 10 is 

relevant here as well, as plastic related 

chemicals may leach from paints, 

cables, anchors, microplastic abrasion 

from blades. Nice categorization pf 

plastic related chemicals: 

https://zenodo.org/records/10701706   

Wagner, M., L. Monclús, A. H. P. H., G. 

K. J., L. M. Engvig, M. Jane, W. 

Zhanyun, W. Raoul and Z. Lisa (2024). 

State of the Science on Plastic 

Chemicals Identifying and addressing 

chamicals and polymers of concern

https://zenodo.org/records/10701706

Descriptor 5: 

Eutrophication

1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

Maybe it could 

be learned from 

other offshore 

installations (oil).

Knowledge gap: Paint/coating, anchor and seal abrasion 

derived microplastic should be investigated as a potential 

source for microlitter, in addition to rotor blade abrasion.  

Estimates per year 10-15 kg abrasion from rotor blades, 400-

850 kg from surface treatments (paints). Mapping in sediment 

and biota should be attempted, might be difficult due to 

currents and wind leading to dilution. However monitoring of 

material LOSS  (blades, paints, floaters, anchors, cables, 

lubricants, seals) at the OW installation could be achieved and 

reported much easier.

400 kg microplastic could contaminate several million kg 

biomass (calculated to concentrations found in fauna) or 800 

000m2 sediment (average concentrations in Norway 480 mg/

m2; Moskeland et al. 2018). Such numbers could form the 

basis of a risk estimation.

Moskeland, P., H. Knutsen, Ø. Lilleeng and A. Pettersen (2018). 

Microplastic in sediments on the Norwegian Coninental Shelf, 

NGI/DNV.

Ongoing project OLAMUR 

will analyze some blue 

mussels for microplastics 

in pilot windfarms to 

investigate multi-use of 

area with seafood 

(macroalgae and blue 

mussel) farming. 

https://olamur.eu/https://olamur.eu/

Everaert et al 2018 suggest 540 plastic 

particles per kg surface sediment as 

safe upper limit.

Everaert, G., L. Van Cauwenberghe, M. 

De Rijcke, A. A. Koelmans, J. Mees, M. 

Vandegehuchte and C. R. Janssen 

(2018). "Risk assessment of 

microplastics in the ocean: Modelling 

approach and first conclusions." 

Environmental Pollution 242: 1930-1938 

DOI: 10.1016/j.envpol.2018.07.069.

Descriptor 10: Marine Litter

1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

Transport mechanisms of particulate emissions 

from artificial marine structures – A review 

Czerner, Windt, Goseberg, 2025. 

https://doi.org/10.1016/j.marpolbul.2025.117728https://doi.org/10.1016/j.marpolbul.2025.117728

Transport mechanisms 

of particulate emissions 

from artificial marine 

structures – A 

reviewhttps://doi.org/

10.1016/

j.marpolbul.2025.117728

Changes in siltation: 

 Consequence of pile-driving/

removing or anchoring, causing 

suspended materials which can 

reduce PP and input of light 

(Dannheim et al., 2020). Hall et 

al. (2022) mentions changes in 

turbidity and changes in 

sediment movements as effect 

of decommissioning.    

Maybe additional 

conclusion is that it seems 

that the fouling 

community is a bit less 

biodivers if you compare 

it with other offshore hard 

substrates, even artificial 

ones (cf shipwrecks).

For me, it is a surprise starting 

mentioning the positive 

impacts and not the negative. 

Also, regarding D6, there are 

targets about criteria, such as 

habitat loss and habitat 

disturbance, that can be 

calculated, but nothing has 

been attempted, even some 

data exist

For this and other descriptors, 

I have missed this review: 

Galparsoro, I., I. Menchaca, J. 

M. Garmendia, Á. Borja, A. D. 

Maldonado, G. Iglesias, J. 

Bald, 2022. Reviewing the 

ecological impacts of offshore 

wind farms. npj Ocean 

Sustainability, 1: 10.1038/

s44183-44022-00003-44185.

General effects (enrichment, 

attraction effect) are common 

for each OWF or offshore 

infrastructure, except that the 

local context will determine 

which species, the magnitude 

of the effect and time frame 

wherein the ecosystem adapt 

to the OWF setting.

Certainly a pity to limit the litearture review to 2021. Plenty fo 

good work came in after this date!

I ight have overlooked this but there seem not to be a reference 

to the potential impact of organic enrichement caused by bio 

encrusting organisms? Especially considering upscaled effect 

this may have on a basin scale? to be further discussed (this 

might be reported in descriptor 5)

I could not find any mention in the document about seafloor 

sealing and abrasion? this would equate to both seafloor loss 

and seafloor disturbance

there is a need to improve the methodologies dedciated tro 

detect seafloor changes around offshore windfarms. the role of 

hydroacoustic/mapping technolgies should be highlighted 

somwhere e.g., use of bathymetry and backscatter to quantify 

objectively the type and extent of the seafloor changes

In general, the 

content is 

relevant and align 

with my expert 

opion and 

knowledge.

Mentioned knowledge gaps are 

relevant, indeed long-term perspective 

is important (ecosystem changes during 

operational phase takes times), as 

indeed cumulative effects of 

enrichment and ban on bottom trawling 

and others... The extent of the effects is 

also little know and seems to be 

changing over time (signs that the 

enrichment effect is extending over 

time in soft-sediment environment). 

Ecosystem is adapting and finding new 

balance.

The following conclusion is not 

right, based on the refered 

study: "Analyse on the long 

term...macrofaunal 

communities (61). This study 

looked to impact of installation 

itself and also looked to long 

term data of the area, but not 

the effect of OWF on the long 

term.

Descriptor 6: 

Seabed integrity

1- Immediate reactions

2- Comments on Gaps and in particular 

knowledge gaps

3- Any other comments on descriptor results/

findings including cumulative impacts

The conclusion for this 

descriptor mentions that 

positive effects from OWFs 

have been detected on 

macro-benthic communities. 

How has the positivity been 

assessed or is this conclusion 

equating an increase in 

biodiversity to a positive 

effect? 

Carbon 

sequestration 

services and 

disturbance does 

not appear to have 

been examine

Consideration of the 

switch from 

sedimentary to 

increasingly hard 

marine habitats via 

scour protection, 

cable armouring etc
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WORKSHOP REPORTING AND PLENARY DISCUSSION

Descriptor 2: Non-Indigenous 

Species

Descriptor 3: Commercial Fish 

and shell Fish
Descriptor 5 EutrophicationDescriptor 4 Food webs

Descriptor 8 Contaminants
Descriptor 9: Contaminants in Sea 

food

Descriptor 6 Seabed integrity

Descriptor 7 Hydrographical 

conditions
Descriptor 10 Marine Litter

Descriptor 1: Marine Biodiversity

Descriotor 11: Energy including 

underwater noise

D1 Benthic Habitats

Final Key takeaways:

   

The reef effect on the benthic 

species. The vibrations caused 

by underwater noise effect. 

Spillover for certain benthic 

species causing changes in their 

population.

The decommissioning.

Final Key takeaways:

Adverse effects of NIS on the native 

system. Given the impacts of OWFs in 

D7, impacts on NIS dispersion should 

be acknowledged. Evaluation criteria 

where OWF and its impacts 

(independently and its dispersion).

The effect of OWFs on ecosystem 

services.

The lack of knowledge on OWFs 

impact in regional scale.

   .

D1, mammals and birds: 

    cumulative impacts, also consider impact from multipleas 

activities

Environmental assessment mentioned as highly 

needed, current initiatives connected to define 

methodologies (ICES, OSPAR). Also need to 

collaboration to produce and share data

Lifecycle, exploratory Operational phase, and 

construction phase (KG): decommissioning KG, also the 

reef effect and biodiversity especially connected to 

critically assess the positive effect  sometimes 

mentioned that the OWF can produce, also when 

decommissioned (also if several OWFs) are 

decommissioned at the same time 

Collissions, population effects there is a limitation of 

decommissioning and what will happened to these 

structures,  how these structures will be used and how 

decommissioning will look like 

Final Key takeaways:

The degree or magnitude of the 

effects of Eutrophication.

Gap in knowledge.

Complex interactions in 

scientific findings and technical 

findings.

The risk of HABs in nutrient 

dynamics - relevant impact but 

difficult to connect.

Final Key takeaways:

  Interactions with D1. Reef 

effects (covered in D1). 

The ecosystem changes 

during the operational 

and other phase and the 

cumulative effects of 

enrichment and ban + 

long-term

A challenge to balance 

the impacts of OWF.

The decommissioning.

The extent of the effects.

Carbon sequestration 

and ecosystem  services.

We need to better 

understand the links 

between hydrological 

changes (D7), changes in 

OM, nutrients, 

transparency (D5) and 

the effects on D1 and D6, 

which not clearly 

established

As few studies were available from OWF 

regarding colonisation by NIS and its impacts 

on native communities and ecosystems, 

lessons learned from other man-made 

structures colonisation (e.g. harbours) could 

bring light on how to reduce OWF impact on 

D2, as similar vessels dynamic, risk of 

introductions, and type of infrastructures as 

well as ecological connectivity issues may 

apply to OWF as well.

This would be particularly interesting if 

focusing on ways to prevent the "artificial 

reef effect", as mentioned in the SSS report.

GES - many unaccounted 

impacts on the different 

descriptor, as impacts are 

inexplicit

Reoxygenating the 

sea with Hydrogen 

parks - to 

consider: 

Contaminants in 

the sediments, 

temperature 

increase and 

salinity increase Salinity as key - 

increases may lead to 

complex effects on 

ecosystems

Alocline may go 

deeper, below todays 

65m

Physical aspects of change 

due to OWF - amount of 

mixing significant in stratified 

areas leads to increased 

bottom temperatures

cumulative effects on single species - 

fisheries and fisheries management 

plans often focus on single species 

rather than ecosystems, yet, holistic 

view is needed as flows in 

ecosystems change

Regulatios on fisheries and restrictions 

of fishieries in and around OWF vary, 

with much data yet forthcoming, 

transboundary effects are unclear

Moving beyond data on individual 

countries towards joint understanding

Food webs need to have a 

whole ecosystem approach 

with new technologies for 

data collection and 

monitoring emerging

Summary discussion:

-electric magnetic field KG, in the SSS it could also be due to

the keywords

-Key KGs: in the EEA  define a continuous noise 

as a key issue in all the stage of the life cycle of 

the OWF also vessels

-Artificial lights from the turbine,

electromagnetic fields are also Key KGs

Primary is noise is one of the biggest

impacts

For artificial lights the gaps is connected to

species, other pressures,  even in the north sea is

not weel incorporated, only vessels are included

(?), there is no proper metric

Before the actual construction phase there

is the exploration phase that produce big

impacts.

Highlights from the Break-out groups

Descriptor 2: Non-Indigenous 

Species

Descriptor 3: Commercial Fish 

and shell Fish
Descriptor 5 EutrophicationDescriptor 4 Food webs Descriptor 8 Contaminants

Descriptor 9: Contaminants in Sea 

food

Descriptor 6 Seabed integrity Descriptor 7 Hydrographical 

conditions
Descriptor 10 Marine LitterDescriptor 1: Marine Biodiversity

Descriotor 11: Energy including 

underwater noise

Impacts are very hard to 

account for assessments. How 

are we going to tke new 

evidence in acount, use this for 

some policy action? Without an 

adeuqate assessment and 

evaluate framework . How to get 

National assessment for 

implementing evidence. 

especially in decommissioning.  

To get a framework: comparison 

between alternatives would be 

useful, espacially with other 

energy sources. For ex with oil. 

as part of the assessment. 

Monitoring: contaminants/ 

16000 possible contaminants so 

not possible to track everything. 

Mandatory disclosure of what is 

put there to focus on the right 

ones. 

For underwater noise it is 

important to make comparison 

with other activities makes 

sense. Monitoring and data 

collection:  dutch approach 

tendering system for offshore 

WF involves quality criteria for 

winning the lease. Criteria for 

monitoring biodiversity through 

the full life cycle.

We are talking about suspected 

impacts and not rela and 

documented ones. The 

Ecosystem based management 

and spatial approach would 

enable assessment off 

cumulative impacts. To combine 

these two: monitoring is very 

important to have 

comprehensive assessments of 

cumulative impacts.

Challenge is also for 

assessments to aggregate the 

effects to cumulative impact 

assessment. There are 

uncertainties related to these 

and need to link monitoring with 

more strategi planning levels. 

For management planning: we 

need to review plans based on 

monitoring results. 

Horizon projects make 

a toolbox to evaluate 

cumulative impacts: 

challenge is that there 

is no toolkit validated 

and mainstreamed to 

be the ones used. 

The solution is to 

communicate about the 

toolkits and pros and 

cons. OSPAR: Eco-C, 

GNSBI  CIA-work track.  

Great if the same tools 

are used at a 

transnational 

perspective. 

EEA project: we 

studied some tools 

and the main 

SCAIM: Spatial 

cumulative 

Assessment .

Toolboxes: on we 

are building on 

previous 

developments ICES 

and previous 

horizon europe 

projects.GES4Seas

No model is perfect, 

look at range of 

different models 

looking at the same 

thing. Exs from the UK.  

Not standardising but if 

they are giving same 

answers it will help

Cumulative 

effects looked at 

Ecosystem level. 

Ecosystem 

models not at 

one species level.

Management systems are they fit 

for purpose? Are they capturing 

info that allow us to make 

decisions?

Licensing rating are considered 

adequate, but need specific 

indicators  for translating good 

research into management. Have 

some mandatory indicators about 

maangement and governance 

good practice and shared good 

practices

Different appraoches depending on 

countries: ex dutch approach. They 

have guidelines and indicators to 

mitigate management of building 

OWF. Alos in Licensing systm. 

Aligned management practices/

OSPAR. There is still a gap that in 

many countries data are still industrial 

and not governmental. Need to have 

a national strategy for appropriate 

data. Integrated monitoring across 

Ecosystem compoents is a goo 

practice.

MFSD: we stick to env impact 

assessment frameworks. For some 

desciptors OWF are already 

reflected in the asst for imp noise, 

the use of , D2 also for NIS, D6 we 

also take in consideration the 

habitat loss. For other descriptors it 

is harder and complicated. Mortality 

due to bycatch but not collision, 

very variable from a descriptor to 

another

Decommissioning: it is a policy 

gap first. It is making a decision 

on what to do with the area 

where you have OWF. Effects 

are to be studied.  Evidence: 

which effects you want to keep, 

energy needs, go back to 

original area. Do you want to 

keep the changes created by 

the OWF. 

Decommissioning: 

even without 

enough evidence 

need to apply the 

precautionary 

principle

Are there any to 

come research 

projects on 

decommissioning?

Could we use the 

same frameworks 

for 

decommissioning 

as the ones used 

for licensing/

building OWF.

Lessons fro the oil 

and gas industry 

should be taken in 

consideration as 

they ar well ahead. 

Decommissioning 

in particular.

Be a bit more 

ahaed in time 

and learn from 

other sources. 

Regulatory 

perspective: way to 

force the information 

flow and assess what 

is happening right 

now/colelct data for 

working on this

We have a 

responsibility to not 

make it more 

complicated for 

sustainable energy 

as for oil and gas.
Increased 

Demand for 

minierals for solar 

industry from the 

sea  floor

Plenary Discussion



Knowledge gap: 

Decommissioning is in 

scope  

Descriptor 1: Marine 

Biodiversity

Descriptor 2: Non-Indigenous 

Species

Descriptor 3 Commercial Fish 

and shellfish

Descriptor 5 Eutrophication

Descriptor 4 Food Webs

Descriptor 8 Contaminants

Descriptor 9 Contaminants in Sea 

food

Descriptor 11 Energy, including 

underwater noise

Descriptor 6 Sea bed integrity

Descriptor 7 Hydrographical 

conditions

Descriptor 10 Marine litter

Knowledge gap 

trade offs on 

impacts; can be 

positive for some 

species but not 

others  

Knowledge gap 

effect of vessels 

and collisions  

related with OWF

positive 

impacts are 

controversial 

Discussion  

point 

Knowledge 

gap: effects 

of upscaling 

the total 

OWF area 

Knowledge 

gap migration 

and barrier 

effect on 

mammals 

report structure.

cumulative 

impacts to mean 

multiple wind 

farms, multiple 

activities...

Knowledge 

gap - 

operational 

phase for 

mammals 

is there and where 

a knowledge gap 

to PTS and TTS 

thresholds and 

associated 

behaviour change? 

floating vs 

fixed debate 

out of scope 

in this review. 

Harbour 

Porpoise 

abundance 

surprise 

Reef 

effects 

discussion 

knowledge gap 

spillover effects 

and biodiversity 

gain ? 

discussion  

Knowledge 

gaps spatial 

and temporal 

perspective 

GAP: introduction of 

permanent physical barriers 

by altering the water currents. 

Thus changes in daily/

seasonal migration of large 

fish marine mammals and 

turtles can be observed. 

Knowledge gaps 

Long term 

Monitoring of 

reefs for + ve or -

ve imapcts 

Knowledge Gap 

seismic surveys 

during 

exploration 

phase 

knowledge 

gap 

Artificial Light 

disturbance 

Knowledge gap? 

electromagnetic  

fields  (issue of 

keywords)

Also need to 

consider the use of 

additional vessels for 

the deployment of 

noise abatement / 

reduction systems 

e.g., bubble curtains. 

definition of 

effect (PTS/

TTS/

disturbance)

Key comments from preparatory work 

Knowledge Gaps 

Discussion points 

References and key work  

Cumulative impacts 

must also assess 

impacts from other 

activities and 

decommissioning 

phase largely 

understudied

Cumulative impacts 

need to be 

assessed 

considering not 

only OWF, but also 

other activities

Cumulative impacts

should include not 

only OWF but all 

pressures

general lack of 

knowledge on 

cumulative impacts 

and methods for 

estimation

colony 

level 

ICES is 

developing advice 

on the existing 

cumulative impact 

assessment 

methods 

Chronic 

effects of 

noise and 

disturbance

Artificial reef 

effects: attraction 

effects ? good or 

bad ? (maybe less 

relevant for marine 

mammals though)

introduction of physical barriers by altering currents: 

 Soukissian, T.; F. Karathanasi, P. Axaopoulos (2016). 

Satellite-based offshore wind resource assessment in 

the mediterranean sea. IEEE J. Ocean. Eng., pp. 1-14      

   Quéroué, Maud, Matthieu Authier, Aurélien Besnard, 

and Karine Heerah. (2024). “Going Digital: Challenges 

in Monitoring Marine Megafauna When Comparing 

Results from Visual and Digital Aerial Surveys.” 

Frontiers in Marine Science 11 (October). https://doi.org/

10.3389/fmars.2024.1432798.      

   Allen, S., A.N. Banks, R.W.G. Caldow, T. Frayling, M. 

Kershaw, and H. Rowell. (2019). Developments in 

Understanding of Red-Throated Diver Responses to 

Offshore Wind Farms in Marine Special Protection 

Areas. Marine Protected Areas: Science, Policy and 

Management, 573–86. Elsevier. https://doi.org/10.1016/

B978-0-08-102698-4.00029-0.      

Reef effect: 

   Bergström, L., M.C. Öhman, C. 

Berkström, M. Isæus, L. Kautsky, 

B. Koehler, A. Nyström 

Sandman, H. Ohlsson, R. Ottvall 

and H. Schack. (2022). Effekter 

av havsbaserad vindkraft på 

marint liv: En syntesrapport om 

kunskapsläget 2021. 

Naturvårdsverket. In Swedish.     

Reef effect - impacts 

(is it totally positive?) 

long term data or 

information is 

missing especially 

about  introducing 

NIS  

Knowledge 

gaps spatial 

and temporal 

perspective 

Knowledge gaps on 

effect modifiers: 

operational phase, 

species life history, 

seasonality, other 

stressors (vessel 

traffic, artificial light), 

array configuration

Lack of impact 

studies on 

decommissioning 

stage

Migration 

patterns

 Just doing a quick search 

and while I think the gap of 

cumulative impacts in primary 

research is a real signal, it 

seems the addressing this 

topic is from modelling from 

data collated in reviews/ meta-

analyses, so these articles 

would be omitted in this 

scoping review.    

 On XX's point on the life 

cycle stage of the wind farm 

and reef effects -- totally 

agree. Also at a finer scale 

there's potentially some 

indication that reef effects 

diminish with time after 

commissioning, so even 

during the operational phase 

this effect may vary    

 it would be important 

to clairfy in the final 

report the definition 

of cumulative impacts 

given the distinctions 

mentioned in the 

discussion    

it would be important 

to clairfy in the final 

report the definition 

of cumulative impacts 

given the distinctions 

mentioned in the 

discussion

 I think the question of whether a 

cumulative impact can be inferred 

from a short term study -- it depends. 

If the time period of the study is short 

but if the effect measured is in a 

population that has been exposed to 

the stress for a long period, then 

perhaps? Obviously this would lack a 

comparator, but perhaps comparators 

could be included either before/after 

or between groups with different 

exposure to the stressor?    

Cluster 1  D1 Mammals  & Birds

Knowledge Gaps 

Discussion points 
References and key work  

EEA has found out 

there is a gap 

about identifying 

species affected 

from the artificial 

light introdsuction 

(except bats)

artificial light 

introduction 

electromagnetic 

fields 

Knowledge gap on 

decommissioning 

but also on 

operation, especially 

including ship traffic 

within, to and from 

the parks

Efficacy of 

abatment 

technologies from 

UXO - deflegration 

to bubble curtains, 

vessel design

are indicator 

frequencie for 

continuous 

noise relevant 

for OWF ?

Moving from a 

continuous noise 

monitoring 

indicator to 

impacts and 

thresholds

 Continued noise at exploration 

and construction phase from 

associated boat traffic by e.g. 

maintenance vessels during 

exploration, construction or 

decommissioning, as well as 

from OWF operation itself. No 

difference expected between 

bottom-fixed turbines and 

floating OWF

Knowledge gao on 

continuous noise 

(including 

generated by 

vessels during 

construction and 

operation)

Artificial light introduction: 

Guidelines to reduce the impact of 

offshore installations lighting on birds in 

the OSPAR maritime area (OSPAR 

Agreement 2015-08).   

   Walsh C, Hüppop O, Karwinkel T, et 

al. (2024). Light Pollution at Sea: 

Implications and Potential Hazards of 

Human Activity for Offshore Bird and 

Bat Movements in the Greater North 

Sea. EcoEvoRxiv; DOI: 10.32942/

x2p60w.      

Continous noise: 

Maxwell, S.M., Kershaw, F., 

Locke, C.C., Conners, M.G., 

Dawson, C., Aylesworth, S., 

Loomis, R. & Johnson, A.F. 

(2022). Potential impacts of 

floating wind turbine technology 

for marine species and habitats. 

Journal of Environmental 

Management, 307, p.114577. 

Noise - Also need to 

consider the use of 

additional vessels 

for the deployment 

of noise abatement / 

reduction systems 

e.g., bubble curtains. 

Noise - What about the 

impacts of underwater 

noise during floating 

offshore wind 

construction? Is the 

impact less significant 

than fixed offshore 

wind construction?

Noise - How do 

the vibrations 

caused by 

underwater noise 

affect benthic 

species?
The need to ensure 

innovations for the 

removal of turbines 

account for impulsive 

noise impacts. R&D is 

going on in 'vibrating' 

pilings out of clay 

substrates, for example. 

   Focus in UK is 

on impulsive 

noise, but 

continuous noise 

definitely needs 

more research      

 Regarding the points 

mentioned byxx definitely the 

effects about the continuous 

noise throughout the 

differences stages related with 

OWF (construction, operational, 

decommissioning) need to be 

considered. And also the 

electromagnetic fields. Those 

would definitely be the 2 more 

urgent points.    

 we found out 

there is a gap 

about identified 

species from 

artificial light    

Cluster 1 D 11:  Energy including underwater noise

What do you think are the key gaps and especially knowledge gaps for these descriptors based on the Short Scientific Summaries?

CLUSTER 1: D1 Mammals & Birds, D11

Summary discussion:

organise by groups and for adverse impacts.

Need to include grey literature and reviews to better understand also 

cumulative impacts (check group of posts)

SEA and requiring impact assessments can help to understand cumulative 

impacts although there is not enough data and is methodologies are 

currently being developed. EEA is developing methods to develop EA

cumulative impacts also from other activities. OSPAR also is developing 

methods for EA first be tested in birds.

Methodological gap (grey literature and review papers)

Cumulative impacts of multiple activities ..

Distintistion between cumulative impcs, chronic exposures, multiple impacts 

different definitions and

Other activities impacts, issues fe bycatch one year is not enough to collect 

data but collaborations between groups could help assess this impacts

Life cycle, exploratory Operational phase, and construction phase (KG): 

decommissioning KG, also the reef effect and biodiversity especially 

connected to what sometimes is defined as positive effects that the OWF 

can produce but there is no clarity of what it will happened to the 

mentioned "positive" impacts once the OWF are decommissioned, also if 

several of them are decomisioned at the same time 

Collision, population effects, etc, there is a limitation of decommissioning or 

reeengeniering or how these structures will be used and how 

decommissioning will look like 

In the SSS needs to be clarified that is only fixed platforms, 

Summary discussion:

-electric magnetic field KG, in the SSS it could also 

be due to the keywords

-Key KGs: in the EEA  define a continuous noise as 

a key issue in all the stage of the life cycle of the 

OWF also vessels

-Artificial lights from the turbine, electromagnetic 

fields are also Key KGs

Primary is noise is one of the biggest impacts

For artificial lights the gaps is connected to 

species, other pressures,  even in the north sea 

is not weel incorporated, only vessels are 

included (?), there is no proper metric

Before the actual construction phase there is 

the exploration phase that produce big impacts.

Noise abatement systems 



Descriptor 2: Non-Indigenous 

Species

Descriptor 3 Commercial Fish 

and shellfish

Descriptor 5 Eutrophication

Descriptor 4 Food Webs

Descriptor 8 Contaminants

Descriptor 9 Contaminants in 

Seafood

Descriptor 6 Sea bed integrity

Descriptor 7 Hydrographical 

conditions

Descriptor 10 Marine litter

Descriptor 1: Marine Biodiversity

Descriptor 11: Energy, including 

underwater noise

In terms of demersal and 

benthic species , the 

cumulative impact part 

would benefit from the 

point highlighted in the 

commercial fish and 

shellfish species in terms of:

Genetic and behavioral 

adaptations

For effects on fish and 

benthic communities: species 

don't prefer artificial reef. 

Artificial hard substrate are 

colonised by biofouling and 

this one induce a temporary 

agregating effect that lead to 

a reef effect. The fish species 

are attracted by the 

opportunity to find food

OWF are said to be able to 

provide artificial reefs but 

we need long term 

monitoring to understand if 

this is actually a positive or 

negative impact 

For me, it is a surprise starting 

mentioning the positive 

impacts and not the negative. 

Also, regarding D6, there are 

targets about criteria, such as 

habitat loss and habitat 

disturbance, that can be 

calculated, but nothing has 

been attempted, even some 

data exist

For this and other descriptors, 

I have missed this review: 

Galparsoro, I., I. Menchaca, J. 

M. Garmendia, Á. Borja, A. D. 

Maldonado, G. Iglesias, J. 

Bald, 2022. Reviewing the 

ecological impacts of offshore 

wind farms. npj Ocean 

Sustainability, 1: 10.1038/

s44183-44022-00003-44185.

In general, the 

content is 

relevant and 

align with my 

expert opion 

and knowledge.

Changes in siltation: 

 Consequence of pile-driving/

removing or anchoring, 

causing suspended materials 

which can reduce PP and 

input of light (Dannheim et al., 

2020). Hall et al. (2022) 

mentions changes in turbidity 

and changes in sediment 

movements as effect of 

decommissioning.    

General effects (enrichment, 

attraction effect) are 

common for each OWF or 

offshore infrastructure, 

except that the local context 

will determine which 

species, the magnitude of 

the effect and time frame 

wherein the ecosystem 

adapt to the OWF setting.

Maybe additional 

conclusion is that it 

seems that the fouling 

community is a bit less 

biodivers if you compare 

it with other offshore 

hard substrates, even 

artificial ones (cf 

shipwrecks).

Certainly a pity to limit the litearture review to 2021. Plenty fo 

good work came in after this date!

I ight have overlooked this but there seem not to be a reference 

to the potential impact of organic enrichement caused by bio 

encrusting organisms? Especially considering upscaled effect 

this may have on a basin scale? to be further discussed (this 

might be reported in descriptor 5)

I could not find any mention in the document about seafloor 

sealing and abrasion? this would equate to both seafloor loss 

and seafloor disturbance

there is a need to improve the methodologies dedciated tro 

detect seafloor changes around offshore windfarms. the role of 

hydroacoustic/mapping technolgies should be highlighted 

somwhere e.g., use of bathymetry and backscatter to quantify 

objectively the type and extent of the seafloor changes

Mentioned knowledge gaps are 

relevant, indeed long-term perspective 

is important (ecosystem changes 

during operational phase takes times), 

as indeed cumulative effects of 

enrichment and ban on bottom trawling 

and others... The extent of the effects is 

also little know and seems to be 

changing over time (signs that the 

enrichment effect is extending over 

time in soft-sediment environment). 

Ecosystem is adapting and finding new 

balance.

The following conclusion is 

not right, based on the 

refered study: "Analyse on 

the long term...macrofaunal 

communities (61). This study 

looked to impact of 

installation itself and also 

looked to long term data of 

the area, but not the effect 

of OWF on the long term.

The conclusion for this 

descriptor mentions that 

positive effects from OWFs 

have been detected on 

macro-benthic 

communities. How has the 

positivity been assessed or 

is this conclusion equating 

an increase in biodiversity 

to a positive effect? 

Preventive and 

monitoring measures 

within OWF planning / 

operation should follow 

adopted guidelines (e.g 

IMO ballast and fouling 

guidelines) as also 

acknowledged in the 

SSS report.

Modelling approaches, 

based on shipping 

activity and routes as risk 

to new introductions 

could be helpful in risk 

assessment for new/

planned OWF settlements

If we follow the MSFD, in 

D5 you have changes in 

sensitive and opportunistic 

species in macroalgae, 

HABs and macrofauna, and 

these can change due to 

hydrodynamic changes 

and changes in nutrients 

and OM

Key comments from preparatory work

How do the 

vibrations 

caused by 

underwater 

noise affect 

benthic species?

Are OWF really acting as 

spillover for certain 

benthic species (editable 

crab, lobster); increasing 

their overall population?

OWF are said to be 

able to provide 

artificial reefs but we 

need long term 

monitoring to 

understand if this is 

actually a positive or 

negative impact 

I think that another 

gap is related to 

the ecosystem 

services provided 

by benthic habitats 

and the changes 

produced by OWF

Final Key takeaways:

The reef effect on the benthic 

species. The vibrations 

caused by underwater noise 

effect. Spillover for certain 

benthic species causing 

changes in their population.

The decomissioning.

IF the change of benthic 

community from mostly 

soft-sediment organisms 

to organisms prefering 

hard substrates is 

considered positive. A 

major knowledge gap is 

what is going to happen 

with decommissioning 

Cluster 2 D1: Benthic Habitats

As few studies were available from OWF 

regarding colonisation by NIS and its 

impacts on native communities and 

ecosystems, lessons learned from other 

man-made structures colonisation (e.g. 

harbours) could bring light on how to 

reduce OWF impact on D2, as similar 

vessels dynamic, risk of introductions, and 

type of infrastructures as well as ecological 

connectivity issues may apply to OWF as 

well.

This would be particularly interesting if 

focusing on ways to prevent the "artificial 

reef effect", as mentioned in the SSS report.

In relation to OWF threats to D2, the work 

undertaken at the level of RSCs, and other 

regional initiatives (such as e.g. ICES 

WGITMO) will be crucial to understand 

regional pools and trends of NIS and 

associated risks of increased OWF activity. 

As recognised in the SSS report their 

"stepping stone effect" and interference 

with species connectivity needs to be 

addressed within a MSP context at a 

broader regional context. A risk based 

approach  for OWF in relation to D2 should 

be considered based on location, park size, 

features, type of activity etc.. 

OWF as stepping stone is a 

proved hypothesis, but we don't 

know if it really contribute to the 

spread of non-indigenous 

species on regional scale (more 

than other artificial structures, cf 

oil and gas, shipwrecks, shipping)

Given the impacts identified 

on D7 by OWFs, particularly 

regarding currents, links to D2 

need to be acknowledge due 

to connectivity impacts 

enhancing NIS dispersion.

From studies in the southern North Sea, 

it became clear that most of the non-

indigenous species were found in the 

intertidal zone of the wind turbine, not 

so much on the subtidal zone including 

the scour protection: 

 De Mesel, Ilse, et al. "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 (2015): 37-50.  

 there is no clear relationship 

between the implementation of 

offshore windfarms and the 

colonization of non-indigenous 

species on turbine foundations or 

scour protections. see:  

Dauvin, J. C. (2024). Do offshore 

wind farms promote the expansion 

and proliferation of non-indigenous 

invertebrate species?. Marine 

Pollution Bulletin, 206, 116802.
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Final Key takeaways:

Adverse effects of NIS on the native 

system. Given the impacts of OWFs in 

D7, impacts on NIS dispersion should 

be acknowledged. Evaluation criteria 

where OWF and its impacts 

(independently and its dispersion).

The effect of OWFs on ecosystem 

services.

The lack of knowledge on OWFs impact 

in regional scale.

   .

Cluster 2  D2:  Non-Indigenous species

Enrichment of 

organic matter at 

OWF is this 

eutrophication? It 

is within the 

boundary values?

We need to better 

understand the links 

between hydrological 

changes (D7), changes in 

OM, nutrients, 

transparency (D5) and 

the effects on D1 and D6, 

which not clearly 

established

The impact from OWF on 

nutrients seems to be 

highly locatio-dependent 

and inlfluenced by local 

hydrodynamic conditions, 

this makes it difficult to 

draw conclusions on 

general OWF effects on 

nutrient availability and 

primary productivity

Final Key takeaways:

The degree or magnitude of the 

effects of Eutrophication.

Gap in knowledge.

Complex interactions in scientific 

findings and technical findings.

The risk of HABs in nutrient 

dynamics - relevant impact but 

difficult to connect.

 If we follow the MSFD: in 

D5 you have changes in 

sensitive and opportunistic 

species in macroalgae, 

HABs and Macrofauna, and 

these can change due to 

hydrodynamic changes 

and changes in nutrients 

and OM.  

Cluster 2  D5: Eutrophication

P

For MSFD the question 

is if the changes in 

benthic communities 

around the turbines is an 

adverse effect or not? 

And can we determine 

the extent of this extent 

(mostly local)?

The extent of the effects is 

also little know and seems 

to be changing over time 

(signs that the enrichment 

effect is extending over 

time in soft-sediment 

environment). Ecosystem 

is adapting and finding 

new balance.

long-term perspective is 

important (ecosystem 

changes during 

operational phase takes 

times), as indeed 

cumulative effects of 

enrichment and ban on 

bottom trawling and 

others... 

Carbon 

sequestration 

services and 

disturbance does 

not appear to have 

been examine

Consideration of 

the switch from 

sedimentary to 

increasingly hard 

marine habitats via 

scour protection, 

cable armouring etc

for me, is an error 

considering a positive 

effect when referring to a 

"reef effect", since the piles 

are changing a previous 

habitat (sedimentary) to 

another (artificial) and the 

percentage of change 

could be dramatic

Final Key takeaways:

  Interactions with D1. Reef 

effects (covered in D1). 

The ecosystem changes 

during the operational 

and other phase and the 

cumulative effects of 

enrichment and ban. + 

long-term  

Policy on 

(bottom-

trawling) 

fisheries 

within OWFs

A challenge to balance 

the impacts of OWF.

The decommissioning.

The extent of the effects.

Carbon sequestration 

and ecosystem  services.

Cluster 2 D6: Sea bed integrity

CLUSTER 2: D1 Benthic habitats D2, D5, D6

What do you think are the key gaps and especially knowledge gaps for these descriptors based on the Short Scientific Summaries?



Descriptor 1: Marine 

Biodiversity

Descriptor 2: Non-Indigenous 

Species

Descriptor 3 Commercial Fish 

and Shellfish

Descriptor 5 Eutrophication

Descriptor 4 Food Webs

Descriptor 8 Contaminants

Descriptor 9 Contaminants in Sea 

food

Descriptor 5 Sea bed intergrity

Descriptor 7 Hygrographical 

conditions

Descriptor 10

Descriptor 11

For effects on fish and benthic 

communities: species don't prefer 

artificial reef. Artificial hard 

substrate are colonised by 

biofouling and this one induce a 

temporary agregating effect that 

lead to a reef effect. The fish 

species are attracted by the 

opportunity to find food

Need to consider the impact of 

changes in mortality  (possibly spatial) 

due to reduction in fishing (industrial 

squeeze - displacement) - the effect of 

increases in large bodied fish species 

will have large effect on ecosystem - 

including lowering smaller bodied 

species (as seen in MPAs) which are 

main prey of seabirds and mammals

2. New evidence

demonstrates impacts of

underwater noise from pile-

driving on the reproductive

success of scallops (Gigot

et al., 2024, but evidence

is lacking for other

invertebrates.

GAP: How to monitor fish 

stocks when also scientific 

data collection is 

hampered by OWF 

installations. How to 

include OWF effects in the 

fish stock models?

1. There is some specios-specific

evidence for offshore wind farms

acting as fish aggregation or dispersal

devices, however the more pertinent

questions we should be addressing

are how construction and operation

actvities impact on different life-

history and resprodcutive processes

There is no mention of the 

spatio-temporal scale in the 

gaps section. The reef 

effect is localized at the 

scale of the OFW and its 

periphery. The impact on 

the food web is potentially 

limited on the scale of the 

OFW, but what is it really?

There is no mention of physical changes 

to mixing which will change plankton, 

nutrients and temperature  (see in next D5 

talk of chl-a) but physical changes needs 

to also be in food webs. 

Need to be able to model all the effects at 

once - see Ecosystem modelling 

approaches (with data collection 

suggestions) 

https://doi.org/10.1093/icesjms/fsad194   

Machine learning approaches 

  https://doi.org/10.1111/ecog.06925

and mechanistic modelling approaches 

https://doi.org/10.1111/2041-210X.13510

https://doi.org/10.1111/ecog.06925

https://doi.org/10.1111/2041-210X.13510

almost all the examples are shallow areas 

that don't strongly stratify or without 

strong tides (Med). Need more info from 

areas with stronger stratification where 

changes both from wind energy extraction 

and drag (and they need to be looked at 

separately and together - as very different 

forcing). Effects of energy extraction can 

be felt for 60 km or more - effects from 

drag only a few 10s of Km - but will change 

surface and bottom temperature, 

plankton, depth of mixed layer depth, etc. 

See https://doi.org/10.1093/icesjms/fsad194https://doi.org/10.1093/icesjms/fsad194

Nathalie 

Niquil

Ina Sieber

In terms of fishing regulations within OWF in English waters, fishing is not restricted. A group exists (fishing liaison with 

offshore wind and wet renewables group) with the following remit:  FLOWW’s objectives are to discuss effectively on issues 

arising from the interaction of the fishing industry and offshore renewables activity, share and develop best practice, and 

liaise with other sectors with interests in the marine environment.  So there is guidance, rather than regulation for fishing 

within offshore wind farm arrays. 

https://www.thecrownestate.co.uk/our-business/marine/the-fishing-liaison-with-offshore-wind-and-wet-renewables-grouphttps://www.thecrownestate.co.uk/our-business/marine/the-fishing-liaison-with-offshore-wind-and-wet-renewables-group

   Important to cross 

observations with the 

regulation of fishing

Important to make a clear 

distinction between 

Modelling simulations and 

observed in situ 

informations and to 

consider the state of the 

OWF development

pre and post 

monitoring data 

projects upcoming.

new technologies and 

instruments (combining 

field measuremnts on 

fishing and 

hydrography)

cumulative impacts: do tend to 

focus on one thing at a time - but 

not holistic view. Rather, flows and 

ecosystems need to be considered 

throughout the whol trophic chain --

> ecosystem modelling (comment 

beth scott

cumulative effects on single species - 

fisheries and fisheries management 

plans often focus on single species 

rather than ecosystems. 

UK: natCap asset register for 

cumulative effects, translated into 

GES effects. issue: spatial data lacks

Toolbox

https://app.mural.co/t/feal5142/m/feal5142/1744056221346/ed1956af7a4f6c6181d0edc6212e47e404c510b0https://app.mural.co/t/feal5142/m/feal5142/1744056221346/ed1956af7a4f6c6181d0edc6212e47e404c510b0

In terms of cumulative effects, work has been 

done to develop a natural capital asset and risk 

register for the English east marine plan areas 

(covering part of North Sea) which includes 

fishing as a key sector. See scoping report and 

report cards for GES context

coping report

report cards for GES contex

Key comments from preparatory work

Effects on migrating 

fish from a large 

scale development 

of OWFs

Effects on fish 

spawning due to 

operational noise 

pollution

Multi-use parks - 

Effects on fish 

stocks

Effects on 

connectivity 

(OWFs as 

stepping stones) 

Cumulative effects

Cluster 3 D1 Fish & Cephalopods

The report The Spatial Squeeze - link https://www.nffo.org.uk/the-frightening-outlook-of-fisheries-displacement-spatial-squeeze-report-published/#:~:text=

The%20report%20was%20produced%20among%20mounting%20concerns%20within,wind%20and%20marine%20protected%20areas%20top%20the%20list.

https://www.nffo.org.uk/the-frightening-outlook-of-fisheries-displacement-spatial-squeeze-report-published/#:~:text=

The%20report%20was%20produced%20among%20mounting%20concerns%20within,wind%20and%20marine%20protected%20areas%20top%20the%20list.

Link from changes in fisheries to changes 

in GVA 

https://doi.org/10.1088/2516-1083/ac702ahttps://doi.org/10.1088/2516-1083/ac702a

Co-location 

regulation of fishieries 

inside OWF: in France, 

as much fisheries as 

possible even inside 

OWF

Species 

Recruitment

reef effect in published models 

assume different stock of 

mussels - but data suggests 

stronger decline - affects model 

results and requires validation 

with field data

New paper from fishing industry 

https://doi.org/10.1016/j.enpol.2025.114555https://doi.org/10.1016/j.enpol.2025.114555

GES - many 

unaccounted impacts 

on the different 

descriptor, as impacts 

are inexplicit

EMF captured under 

D11 and not D3

--> large part of 

evidence missing out

Cluster 3 D3: Commercial Fish and Shellfish

For D4, interesting to base

https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/thematic-assessments/food-webs/state/https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/thematic-assessments/food-webs/state/

Impact of 

Decomissioning 

overview of 

ecosystem 

approachICES Journal 

of Marine Science , 

2023, Vol. 0, Issue 0, 

1–12 https://doi.org/

10.1093/icesjms/

fsad194 

OSPAR - 9 indicators to capture 

flow and structure of web - 

holistic and fucntional approach -

 D4 as descriptor rather wea

e.g. mean trophic  level 

(Comment NAthalie)

Biomass change has effect on 

food web. Flows within foodweb 

are important, also for D3

from biomass view to flow view 

for holistic understanding of 

food web

D4 articles in complement :

https://www.researchgate.net/publication/389737744_Impact_of_offshore_wind_farms_on_marine_food_webs_A_13-year_data-driven_study#fullTextFileContent

This one is a poster but an article will come soon

Buyse, J., Hostens, K., Degraer, S.,  De Troch, M., Wittoeck, J., & De Backer, A. (2023). Increased food  availability at offshore wind farms affects trophic ecology of plaice  

Pleuronectes platessa. Science of the Total Environment, 862, 160730.

Mavraki, N., Degraer, S., &  Vanaverbeke, J. (2021). Offshore wind farms and the  attraction–production hypothesis: insights from a combination of stomach  content and 

stable isotope analyses. Hydrobiologia, 848(7), 1639-1657.

The usefulness of food web models in the ecosystem services framework: Quantifying, mapping, and linking services supply

Q Noguès, Y Baulaz, J Clavel, E Araignous, P Bourdaud, FBR Lasram, ...Ecosystem Services 63, 101550

An  ecosystem-wide approach for assessing the spatialized cumulative  effects of local and global changes on coastal ecosystem functioning

Q Nogues, P Bourdaud, E Araignous, G Halouani, F Ben Rais Lasram, ...

ICES Journal of Marine Science 80 (4), 1129-1142

Spatialized  ecological network analysis for ecosystem-based management: effects of  climate change, marine renewable energy, and fishing on ecosystem  functioning in 

the Bay of Seine

Q Nogues, E Araignous, P Bourdaud, G Halouani, A Raoux, É Foucher, ...

ICES Journal of Marine Science 79 (4), 1098-1112

Cumulative  effects of marine renewable energy and climate change on ecosystem  properties: Sensitivity of ecological network analysis

Q Nogues, A Raoux, E Araignous, A Chaalali, T Hattab, B Leroy, ...

Ecological Indicators 121, 107128

https://www.researchgate.net/publication/389737744_Impact_of_offshore_wind_farms_on_marine_food_webs_A_13-year_data-driven_study#fullTextFileContent

The usefulness of food web models in the ecosystem services framework: Quantifying, mapping, and linking services supply

An  ecosystem-wide approach for assessing the spatialized cumulative  effects of local and global changes on coastal ecosystem functioning

Spatialized  ecological network analysis for ecosystem-based management: effects of  climate change, marine renewable energy, and fishing on ecosystem  functioning in 

the Bay of Seine

Cumulative  effects of marine renewable energy and climate change on ecosystem  properties: Sensitivity of ecological network analysis

Cluster 3 D4: Food webs

Baltic sea: 

salinity 

increase

And the 

alocline may go 

deeper - today 

it is about 65 m 

deep

Physical aspects of change 

due to OWF - amount of 

mixing significant in 

stratified areas leads to 

increased bottom 

temperatures

How to measure what is happening to physcial envirnoment 

https://www.gov.scot/publications/scoping-offshore-wind-sustained-observation-programme-ow-sop/ https://www.gov.scot/publications/scoping-offshore-wind-sustained-observation-programme-ow-sop/

Hydrogen-

Parks

Reoxygenating the 

sea with Hydrogen 

parks - to consider: 

Contaminants in the 

sediments, 

temperature increase 

and salinity increase

Link to ECOWind 

Program web site 

https://ecowind.uk/https://ecowind.uk/

Project suggestions of how to monitor over larger regions https://cms.ore.catapult.org.uk/wp-

content/uploads/2024/11/LUN2629_REMP-report_AW_3_digital_DP.pdf

https://cms.ore.catapult.org.uk/wp-

content/uploads/2024/11/LUN2629_REMP-report_AW_3_digital_DP.pdf

Cluster 3 D7 Hydrographical conditions

What do you think are the key gaps and especially knowledge gaps for these descriptors?

CLUSTER 3:  D1 Fish and Cephalopods, D3, D4, D7

GERMANY - alternative 

fisheries and Co-location, 

pots and squid production. 

experimental setups in the 

testing and monitoring in 

place

functions actoss the food web - 

what functions are needed for 

the baltic see and how do the 

cumulative effects affect that? 

getting away from species 

perspective towards holistic 

picture (Mathilda)

transboundary cumulative effects - 

data at country level often 

abundant but not combined.

decisionmakers are rarely reached - 

too much information,  (Mathilda)

https://doi.org/10.1111/ecog.06925
https://doi.org/10.1111/ecog.06925
https://doi.org/10.1111/2041-210X.13510
https://doi.org/10.1111/2041-210X.13510
https://doi.org/10.1093/icesjms/fsad194
https://doi.org/10.1093/icesjms/fsad194
https://www.thecrownestate.co.uk/our-business/marine/the-fishing-liaison-with-offshore-wind-and-wet-renewables-group
https://www.thecrownestate.co.uk/our-business/marine/the-fishing-liaison-with-offshore-wind-and-wet-renewables-group
https://app.mural.co/t/feal5142/m/feal5142/1744056221346/ed1956af7a4f6c6181d0edc6212e47e404c510b0
https://app.mural.co/t/feal5142/m/feal5142/1744056221346/ed1956af7a4f6c6181d0edc6212e47e404c510b0
https://www.gov.uk/government/publications/east-marine-plan-scoping-report
https://www.gov.uk/government/publications/east-marine-plan-scoping-report
https://assets.publishing.service.gov.uk/media/67eff2762c7cfb9f47d956b9/East_Marine_SA_Scoping_Report_Cards_10.pdf
https://assets.publishing.service.gov.uk/media/67eff2762c7cfb9f47d956b9/East_Marine_SA_Scoping_Report_Cards_10.pdf
https://www.nffo.org.uk/the-frightening-outlook-of-fisheries-displacement-spatial-squeeze-report-published/#:~:text=The%20report%20was%20produced%20among%20mounting%20concerns%20within,wind%20and%20marine%20protected%20areas%20top%20the%20list.
https://www.nffo.org.uk/the-frightening-outlook-of-fisheries-displacement-spatial-squeeze-report-published/#:~:text=The%20report%20was%20produced%20among%20mounting%20concerns%20within,wind%20and%20marine%20protected%20areas%20top%20the%20list.
https://doi.org/10.1088/2516-1083/ac702a
https://doi.org/10.1088/2516-1083/ac702a
https://doi.org/10.1016/j.enpol.2025.114555
https://doi.org/10.1016/j.enpol.2025.114555
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/thematic-assessments/food-webs/state/
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/thematic-assessments/food-webs/state/
https://www.researchgate.net/publication/389737744_Impact_of_offshore_wind_farms_on_marine_food_webs_A_13-year_data-driven_study#fullTextFileContent
https://www.researchgate.net/publication/389737744_Impact_of_offshore_wind_farms_on_marine_food_webs_A_13-year_data-driven_study#fullTextFileContent
https://scholar.google.fr/citations?view_op=view_citation&amp;amp;amp;amp;hl=fr&amp;amp;amp;amp;user=haE88V8AAAAJ&amp;amp;amp;amp;sortby=pubdate&amp;amp;amp;amp;citation_for_view=haE88V8AAAAJ:TIZ-Mc8IlK0C
https://scholar.google.fr/citations?view_op=view_citation&amp;amp;amp;amp;hl=fr&amp;amp;amp;amp;user=haE88V8AAAAJ&amp;amp;amp;amp;sortby=pubdate&amp;amp;amp;amp;citation_for_view=haE88V8AAAAJ:TIZ-Mc8IlK0C
https://scholar.google.fr/citations?view_op=view_citation&amp;amp;amp;hl=fr&amp;amp;amp;user=haE88V8AAAAJ&amp;amp;amp;sortby=pubdate&amp;amp;amp;citation_for_view=haE88V8AAAAJ:EYYDruWGBe4C
https://scholar.google.fr/citations?view_op=view_citation&amp;amp;amp;hl=fr&amp;amp;amp;user=haE88V8AAAAJ&amp;amp;amp;sortby=pubdate&amp;amp;amp;citation_for_view=haE88V8AAAAJ:EYYDruWGBe4C
https://scholar.google.fr/citations?view_op=view_citation&amp;amp;amp;hl=fr&amp;amp;amp;user=haE88V8AAAAJ&amp;amp;amp;cstart=20&amp;amp;amp;pagesize=80&amp;amp;amp;sortby=pubdate&amp;amp;amp;citation_for_view=haE88V8AAAAJ:XD-gHx7UXLsC
https://scholar.google.fr/citations?view_op=view_citation&amp;amp;amp;hl=fr&amp;amp;amp;user=haE88V8AAAAJ&amp;amp;amp;cstart=20&amp;amp;amp;pagesize=80&amp;amp;amp;sortby=pubdate&amp;amp;amp;citation_for_view=haE88V8AAAAJ:XD-gHx7UXLsC
https://scholar.google.fr/citations?view_op=view_citation&amp;amp;amp;hl=fr&amp;amp;amp;user=haE88V8AAAAJ&amp;amp;amp;cstart=20&amp;amp;amp;pagesize=80&amp;amp;amp;sortby=pubdate&amp;amp;amp;citation_for_view=haE88V8AAAAJ:LjlpjdlvIbIC
https://scholar.google.fr/citations?view_op=view_citation&amp;amp;amp;hl=fr&amp;amp;amp;user=haE88V8AAAAJ&amp;amp;amp;cstart=20&amp;amp;amp;pagesize=80&amp;amp;amp;sortby=pubdate&amp;amp;amp;citation_for_view=haE88V8AAAAJ:LjlpjdlvIbIC
https://www.gov.scot/publications/scoping-offshore-wind-sustained-observation-programme-ow-sop/
https://www.gov.scot/publications/scoping-offshore-wind-sustained-observation-programme-ow-sop/
https://ecowind.uk/
https://ecowind.uk/
https://cms.ore.catapult.org.uk/wp-content/uploads/2024/11/LUN2629_REMP-report_AW_3_digital_DP.pdf
https://cms.ore.catapult.org.uk/wp-content/uploads/2024/11/LUN2629_REMP-report_AW_3_digital_DP.pdf
https://doi.org/10.1111/ecog.06925
https://doi.org/10.1111/ecog.06925
https://doi.org/10.1111/2041-210X.13510
https://doi.org/10.1111/2041-210X.13510
https://doi.org/10.1093/icesjms/fsad194
https://doi.org/10.1093/icesjms/fsad194
https://www.thecrownestate.co.uk/our-business/marine/the-fishing-liaison-with-offshore-wind-and-wet-renewables-group
https://www.thecrownestate.co.uk/our-business/marine/the-fishing-liaison-with-offshore-wind-and-wet-renewables-group
https://app.mural.co/t/feal5142/m/feal5142/1744056221346/ed1956af7a4f6c6181d0edc6212e47e404c510b0
https://app.mural.co/t/feal5142/m/feal5142/1744056221346/ed1956af7a4f6c6181d0edc6212e47e404c510b0
https://www.gov.uk/government/publications/east-marine-plan-scoping-report
https://www.gov.uk/government/publications/east-marine-plan-scoping-report
https://assets.publishing.service.gov.uk/media/67eff2762c7cfb9f47d956b9/East_Marine_SA_Scoping_Report_Cards_10.pdf
https://assets.publishing.service.gov.uk/media/67eff2762c7cfb9f47d956b9/East_Marine_SA_Scoping_Report_Cards_10.pdf
https://www.nffo.org.uk/the-frightening-outlook-of-fisheries-displacement-spatial-squeeze-report-published/#:~:text=The%20report%20was%20produced%20among%20mounting%20concerns%20within,wind%20and%20marine%20protected%20areas%20top%20the%20list.
https://www.nffo.org.uk/the-frightening-outlook-of-fisheries-displacement-spatial-squeeze-report-published/#:~:text=The%20report%20was%20produced%20among%20mounting%20concerns%20within,wind%20and%20marine%20protected%20areas%20top%20the%20list.
https://doi.org/10.1088/2516-1083/ac702a
https://doi.org/10.1088/2516-1083/ac702a
https://doi.org/10.1016/j.enpol.2025.114555
https://doi.org/10.1016/j.enpol.2025.114555
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/thematic-assessments/food-webs/state/
https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/thematic-assessments/food-webs/state/
https://www.researchgate.net/publication/389737744_Impact_of_offshore_wind_farms_on_marine_food_webs_A_13-year_data-driven_study#fullTextFileContent
https://www.researchgate.net/publication/389737744_Impact_of_offshore_wind_farms_on_marine_food_webs_A_13-year_data-driven_study#fullTextFileContent
https://scholar.google.fr/citations?view_op=view_citation&amp;amp;amp;amp;hl=fr&amp;amp;amp;amp;user=haE88V8AAAAJ&amp;amp;amp;amp;sortby=pubdate&amp;amp;amp;amp;citation_for_view=haE88V8AAAAJ:TIZ-Mc8IlK0C
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we have calculated the amount of metals 

coming from ships.  Richir, J., Bray, S., 

McAleese, T. and Watson, G.J., 2021. Three 

decades of trace element sediment 

contamination: the mining of governmental 

databases and the need to address hidden 

sources for clean and healthy seas. 

Environment International, 149, p.106362.  

Descriptor 2: Non-Indigenous 

Species

Descriptor 3: Commercial Fish 

and shell Fish

Descriptor 5 Eutrophication

Descriptor 4 Food webs

Descriptor 8 Contaminants

Descriptor 9: Contaminants in Sea 

food

Descriptor 6 Seabed integrity

Descriptor 7 Hydrographical 

conditions

Descriptor 10 Marine Litter

Descriptor 1: Marine Biodiversity

Descriotor 11: Energy including 

underwater noise

There is a 

knowledge gap 

about the 

impacts of 

decommissioning 

Particles from WT erosion on species like 

mussels

   Paper to consider 

Bedulina, D., Korez Lupše, Š., Hildebrandt, L., 

Duan, Y., Klein, O., Primpke, S., Bock, C., Krause, 

S., Czichon, S., Pröfrock, D., Gerdts, G., Lannig, 

G., 2024. Effect of Particles from Wind Turbine 

Blades Erosion on Blue Mussels Mytilus Edulis. 

Science of the Total Environment 957, 177509. 

https://doi.org/10.1016/j.scitotenv.2024.177509https://doi.org/10.1016/j.scitotenv.2024.177509

Metal accumulation in co-located species 

Resources to consider:

 Watson et al 2024 paper,

 Significant risks of metal accumulation in co-located 

aquaculture species. 

https://www.nature.com/articles/s44183-024-00101-6https://www.nature.com/articles/s44183-024-00101-6
Current work 

to consider: 

ANEMOI EU 

Interreg 

project

How are metals released?

While evidence of the impacts 

of OWFs on contaminants is 

limited, metals released from

corrosion and biofouling 

protection measures are at 

levels which do not give rise to 

pollution

effects..>>statements need 

rewording

Wording use and data/

evidence at hand 

 Eg. in statements about 

accumulation of Al, Zn and 

In,  as there are no data 

available of sampling during 

operation that controls for 

background levels 

Which metals?

Need to 

include 

aluminium . 

 Further work on recommendations 

for the quantitative assessment of 

metal inputs in the marine 

environment from the galvanic 

anodes  of offshore renewable 

energy structures 

eg. See Michelet & al. (2020) 

Plouzané: France Energies Marines 

Editions, 2020, 34 pages  

Kirchgeog, T., Weinberg, I., 

Hörning, M., Baier, R., Schmid, 

M.J., Brockmeyer, B., (2018): 

Emissions from corrosion 

protection systems of 

offshore wind farms: 

Evaluation of the potential 

impact on the marine 

environment. In Marine 

Pollution Bulletin 136, pp. 257-

269

Methodological comment-

inclusion criteria

eventhough the area of 

interest is the North Sea, 

other studies should not be 

looked over, as only so little 

is known in this field and so 

little field studies exist.

Regional background 

values are missing 

for emerging 

contaminants which 

complicates the 

assessment of OWF 

impact and source 

discrimination

 There are several species-specific 

tox-studies, especially for Zn and Al 

from anodes (literature from group 

around Christelle Caplat)

the text says "There is a need for 

systematic studies to quantify and 

analyse the long-term release and 

ecological effects of contaminants 

from corrosion protection galvanic 

anodes (e.g., Gallium, Zinc, Indium)." --

study on cumulative effects (noise + Cd 

contamination):  

   Stenton, C.A., Bolger, E.L., Michenot, M., 

Dodd, J.A., Wale, M.A., Briers, R.A., Hartl, M.G.J., 

Diele, K., 2022. Effects of pile driving sound 

playbacks and cadmium co-exposure on the 

early life stage development of the Norway 

lobster, Nephrops norvegicus. Marine Pollution 

Bulletin 179, 113667. 

https://doi.org/10.1016/j.marpolbul.2022.113667https://doi.org/10.1016/j.marpolbul.2022.113667

   Michelet N., Julian N., Duarte R., 

Burgeot T., Amouroux I., Dallet M., 

Caplat, C., Gonzalez J.-L., Garreau P., 

Aragon E., Perrin F.-X., Safi G., 2020. 

Recommendations for the 

quantitative assesment of metal 

inputs in the marine environment 

from the galvanic anodes of offshore 

renewable energy structures.

Maybe it could 

be learned from 

other offshore 

installations (oil).

Knowledge gap: Paint/coating, anchor and seal abrasion 

derived microplastic should be investigated as a potential 

source for microlitter, in addition to rotor blade abrasion.  

Estimates per year 10-15 kg abrasion from rotor blades, 400-

850 kg from surface treatments (paints). Mapping in sediment 

and biota should be attempted, might be difficult due to 

currents and wind leading to dilution. However monitoring of 

material LOSS  (blades, paints, floaters, anchors, cables, 

lubricants, seals) at the OW installation could be achieved and 

reported much easier.

400 kg microplastic could contaminate several million kg 

biomass (calculated to concentrations found in fauna) or 800 

000m2 sediment (average concentrations in Norway 480 mg/

m2; Moskeland et al. 2018). Such numbers could form the 

basis of a risk estimation.

Moskeland, P., H. Knutsen, Ø. Lilleeng and A. Pettersen (2018). 

Microplastic in sediments on the Norwegian Coninental Shelf, 

NGI/DNV.

Ongoing project OLAMUR 

will analyze some blue 

mussels for microplastics 

in pilot windfarms to 

investigate multi-use of 

area with seafood 

(macroalgae and blue 

mussel) farming. 

https://olamur.eu/https://olamur.eu/

Everaert et al 2018 suggest 540 plastic 

particles per kg surface sediment as 

safe upper limit.

Everaert, G., L. Van Cauwenberghe, M. 

De Rijcke, A. A. Koelmans, J. Mees, M. 

Vandegehuchte and C. R. Janssen 

(2018). "Risk assessment of 

microplastics in the ocean: Modelling 

approach and first conclusions." 

Environmental Pollution 242: 1930-

1938 DOI: 10.1016/j.envpol.2018.07.069.

Transport mechanisms of 

particulate emissions 

from artificial marine 

structures – A 

reviewhttps://doi.org/

10.1016/

j.marpolbul.2025.117728

ICCP chlorine 

contaminants and fate 

from water ti sediment

Ongoing project OLAMUR 

will analyze some blue 

mussels for contaminants 

in pilot windfarms to 

investigate multi-use of 

area with seafood 

(macroalgae and blue 

mussel farming. 

https://olamur.eu/https://olamur.eu/

Maybe it could 

be learned from 

other offshore 

installations (oil).

   Bedulina, D., Korez Lupše, Š., Hildebrandt, L., 

Duan, Y., Klein, O., Primpke, S., Bock, C., Krause, 

S., Czichon, S., Pröfrock, D., Gerdts, G., Lannig, 

G., 2024. Effect of Particles from Wind Turbine 

Blades Erosion on Blue Mussels Mytilus Edulis. 

Science of the Total Environment 957, 177509. 

https://doi.org/10.1016/j.scitotenv.2024.177509https://doi.org/10.1016/j.scitotenv.2024.177509

See Watson et al 2024 paper. Should include recent 

paper.  Significant risks of metal accumulation in co-

located aquaculture species. 

https://www.nature.com/articles/s44183-024-00101-6https://www.nature.com/articles/s44183-024-00101-6

A lot of the the for descriptor 10 is 

relevant here as well, as plastic related 

chemicals may leach from paints, 

cables, anchors, microplastic abrasion 

from blades. Nice categorization pf 

plastic related chemicals: 

https://zenodo.org/records/10701706   

Wagner, M., L. Monclús, A. H. P. H., G. K. 

J., L. M. Engvig, M. Jane, W. Zhanyun, 

W. Raoul and Z. Lisa (2024). State of 

the Science on Plastic Chemicals 

Identifying and addressing chamicals 

and polymers of concern

https://zenodo.org/records/10701706

Transfer from 

water to 

sediments of 

metals

Biodiponibility of 

contaminents 

adsorbed on 

particles for 

benthic species

While evidence of the impacts 

of OWFs on contaminants is 

limited, metals released from

corrosion and biofouling 

protection measures are at 

levels which do not give rise 

to pollution

effects.. This statement is not 

true. and should be reworded

 See Michelet & al. (2020) and 

associated reference for this section. 

Michelet N., Julian N., Duarte R., 

Burgeot T., Amouroux I., Dallet M., 

Caplat C., Gonzalez J.-L., Garreau P., 

Aragon E., Perrin F.-X., Safi G. 

Recommendations for the quantitative 

assessment of metal inputs in the 

marine environment from the galvanic 

anodes  of offshore renewable energy 

structures Plouzané: France Energies 

Marines Editions, 2020, 34 pages  

GAP: mobilization 

of contaminants 

while 

decommissioning 

Transport mechanisms of particulate emissions 

from artificial marine structures – A review 

Czerner, Windt, Goseberg, 2025. 

https://doi.org/10.1016/j.marpolbul.2025.117728https://doi.org/10.1016/j.marpolbul.2025.117728

Sediment analysis in proximity and in 

distances downstream dominating 

currents and wind direction should be 

ordered. Aluminum is one focusarea as 

sacrificing anodes cosnsit of mainly 

aluminum, some zinc and traces of 

indium. High quality with little other metal 

remnants should be used, as 60 tons 

material per turbine ill corrode and 

degrade over time. They ma contain 

copper, silicium, iron, manganese, 

cadmium an lead. Alternative systems 

could be used, but may be more 

expensive (ICCP - impressed current 

cathodic protection system.

   Ebeling, A., Wippermann, D., Zimmermann, T., 

Klein, O., Kirchgeorg, T., Weinberg, I., Plass, A., 

Hasenbein, S., Pröfrock, D., 2025. Coupling 

metal concentrations and drift simulations for 

tracing emissions from offshore wind farms. 

Marine Pollution Bulletin 214, 117810. 

https://doi.org/10.1016/j.marpolbul.2025.117810https://doi.org/10.1016/j.marpolbul.2025.117810

   Hengstmann, E., Corella, P.Z., Alter, K., Belzunce-

Segarra, M.J., Booth, A.M., Castro-Jiménez, J., 

Czerner, N., De Cauwer, K., Deviller, G., Gomiero, 

A., Goseberg, N., Hasenbein, S., Kirchgeorg, T., 

Mason, C., Pape, W., Parmentier, K., Plaß, A., 

Pröfrock, D., Sarhadi, A., Vanavermaete, D., Van 

Der Molen, J., Vinagre, P.A., Wood, D., Weinberg, I., 

Windt, C., Zonderman, A., Kenyon, J., De Witte, B., 

2025. Chemical emissions from offshore wind 

farms: From identification to challenges in impact 

assessment and regulation. Marine Pollution 

Bulletin 215, 117915. 

https://doi.org/10.1016/j.marpolbul.2025.117915https://doi.org/10.1016/j.marpolbul.2025.117915

If measures are 

to be introduced 

to increase 

understanding of 
Hengstmann, E., Corella, P.Z., Alter, K., Belzunce-

Segarra, M.J., Booth, A.M., Castro-Jiménez, J., 

Czerner, N., De Cauwer, K., Deviller, G., Gomiero, 

A., Goseberg, N., Hasenbein, S., Kirchgeorg, T., 

Mason, C., Pape, W., Parmentier, K., Plaß, A., 

Pröfrock, D., Sarhadi, A., Vanavermaete, D., Van 

Der Molen, J., Vinagre, P.A., Wood, D., Weinberg, 

I., Windt, C., Zonderman, A., Kenyon, J., De Witte, 

B., 2025. Chemical emissions from offshore wind 

farms: From identification to challenges in impact 

assessment and regulation. Marine Pollution 

Bulletin 215, 117915. https://doi.org/10.1016/

j.marpolbul.2025.117915

   Ebeling, A., 2024. Investigation of inorganic emissions 

from offshore wind structures and their potential impact 

on the marine environment. Universität Hamburg, 

Geesthacht.

  https://ediss.sub.uni-hamburg.de/handle/ediss/11218https://ediss.sub.uni-hamburg.de/handle/ediss/11218

   Ebeling, A., Wippermann, D., Zimmermann, T., 

Klein, O., Kirchgeorg, T., Weinberg, I., Plass, A., 

Hasenbein, S., Pröfrock, D., 2025. Coupling 

metal concentrations and drift simulations for 

tracing emissions from offshore wind farms. 

Marine Pollution Bulletin 214, 117810. 

https://doi.org/10.1016/j.marpolbul.2025.117810https://doi.org/10.1016/j.marpolbul.2025.117810

   Wang, T., Ru, X., Deng, B., Zhang, C., Wang, X., 

Yang, B., Zhang, L., 2023. Evidence that offshore 

wind farms might affect marine sediment quality 

and microbial communities. Science of The Total 

Environment 856, 158782. 

https://doi.org/10.1016/j.scitotenv.2022.158782https://doi.org/10.1016/j.scitotenv.2022.158782

   Bedulina, D., Korez Lupše, Š., Hildebrandt, L., 

Duan, Y., Klein, O., Primpke, S., Bock, C., Krause, 

S., Czichon, S., Pröfrock, D., Gerdts, G., Lannig, 

G., 2024. Effect of Particles from Wind Turbine 

Blades Erosion on Blue Mussels Mytilus Edulis. 

Science of the Total Environment 957, 177509. 

https://doi.org/10.1016/j.scitotenv.2024.177509https://doi.org/10.1016/j.scitotenv.2024.177509

   Degraer, S., Brabant, R., Rumes, 

B., Vigin, L., 2019. Environmental 

Impacts of Offshore Wind Farms 

in the Belgian Part of the North 

Sea: Marking a Decade of 

Monitoring, Research and 

Innovation. Royal Belgian Institute 

of Natural Sciences (RBINS), 

Brussels.

    Chapter 3

   Michelet N., Julian N., Duarte R., 

Burgeot T., Amouroux I., Dallet M., 

Caplat, C., Gonzalez J.-L., Garreau P., 

Aragon E., Perrin F.-X., Safi G., 2020. 

Recommendations for the quantitative 

assesment of metal inputs in the 

marine environment from the galvanic 

anodes of offshore renewable energy 

structures.

study on cumulative effects (noise + Cd 

contamination):  

   Stenton, C.A., Bolger, E.L., Michenot, M., Dodd, 

J.A., Wale, M.A., Briers, R.A., Hartl, M.G.J., Diele, 

K., 2022. Effects of pile driving sound playbacks 

and cadmium co-exposure on the early life stage 

development of the Norway lobster, Nephrops 

norvegicus. Marine Pollution Bulletin 179, 113667. 

https://doi.org/10.1016/j.marpolbul.2022.113667https://doi.org/10.1016/j.marpolbul.2022.113667

Key comments from preparatory work

If you had offshore ships 

and company, they could 

support the identification 

the balance of pollution 

Synergies with oil 

industry is interestig and 

should be added to 

calculate impacts. 

Aluminium was not 

included in the 

papers we found, 

does it mean that 

there is a gap in 

reseach here?

Aluminium: 

Toxicity is 

proved

Importance to 

consider 

alternative 

methodologies

Observation in north 

sea would need 

clarification in terms of 

toxicity (coatings ...), 

need to have a look at 

the risks to health and 

how materials are 

moving in water

Gas pollution 

is not so 

strong in 

Ireland

Review of MsFD: 

impacts of MSFD: 1. 

Where should the 

requirements be asked 

to industry? What are 

tehe potential remote 

industries to monitor 

those?

   Ebeling, A., Wippermann, D., Zimmermann, T., 

Klein, O., Kirchgeorg, T., Weinberg, I., Plass, A., 

Hasenbein, S., Pröfrock, D., 2025. Coupling 

metal concentrations and drift simulations for 

tracing emissions from offshore wind farms. 

Marine Pollution Bulletin 214, 117810. 

https://doi.org/10.1016/j.marpolbul.2025.117810https://doi.org/10.1016/j.marpolbul.2025.117810

Contamination 

should be tracked 

from the sources 

and not after, 

monitor what is 

put in the sea. 

Impacts on the 

environment, 

maybe we could 

join forces with oil 

industries to try to 

monitor the 

impacts. cumulative 

effects: one study 

on pile driving 

sound and Cd 

contamination

Better monitoring and 

reporting of materials 

used such as in 

sacrificial anodes and 

antifouling paint 

which contains Al and 

Zn

Understand where 

contaminants may 

come from : blades vs 

body of turbine and 

common materials 

used -declarations 

from producers 

needed. Transparency

Lack of regulatory 

requirement for 

OWF developers to 

disclose the 

contaminants in the 

materials they use Importance of 

precautionary 

approach

OWF companies/

developers should 

be transparent 

about their 

environmental foot 

print

Holistic planning 

and policy 

adjustment to 

address 

cumulative 

impacts 

Companies/

developers should 

consider alternative 

technologies for 

anodes to to reduce 

release of harmful 

substances

Importance of 

comparing the risks of 

oil and gas with those 

of offshore wind 

farms, particularly in 

terms of contaminants 

released and their 

behaviour in water.

From a policy standpoint, 

there is need to know the 

level at which measures 

should be implemented 

to monitor contaminant 

release from OWFs, 

whether at the project 

level, country level or 

European level.

Integration of 

remote monitoring 

for OWFs and the 

potential for these 

systems to include 

concerns about 

pollution

background 

data is 

missing for 

emerging 

contaminants

Cluster 4 D8 : Contaminants

Aluminium: Its 

biodisponibility 

is not clear

Positive impacts: 

under the OWF, 

´blue mussels are 

present and 

water is cleaner 

in terms of metals
Contaninants in sea food 

may be present (eg North 

sea) coexistence of 

OFWT with fisheries, 

Risks to health from 

contaminants not clear 

(still open use of fish for 

consumption)

Cluster 4 D9: Contaminants in Sea food

new paper 

including the 

sediments but not 

the 

aluminium,Because 

the pourcentage is 

minumum 

microplastics 

should be 

monitor, as it is 

one of the main 

litter coming from 

OWF

methods for marine 

environment are not 

far developed or are 

currently in the study 

phase and it takes 

time, and f we try to 

see the results of long 

time impacts

It would be important 

to get to the 

information and know 

what are the 

contaminants brought 

by companies (in 

paints for eaxmple)

cumulative effects comes 

from different turbines 

and OWF, but also boats 

or rivers. It is hard to 

track and assess  this 

impacts from each of 

them. How to monitor? 

Where? how to sample? 

what are we looking for?

   Hildebrandt, L., Fischer, M., Klein, O., 

Zimmermann, T., Fensky, F., Siems, A., 

Zonderman, A., Hengstmann, E., 

Kirchgeorg, T., Pröfrock, D., 2024. An 

analytical strategy for challenging members 

of the microplastic family: Particles from anti-

corrosion coatings. Journal of Hazardous 

Materials 470, 134173. 

https://doi.org/10.1016/j.jhazmat.2024.134173https://doi.org/10.1016/j.jhazmat.2024.134173

If you change the sea floor from a sandy 

bottom to a hard substrate there will be a 

marked change in ecology and biological 

communities present in that space. This 

change might be less obvious where wind 

farms are installed in areas where the sea 

bottom is already a hard substrate e.g. rocky 

reefs. 

When we think about ecological impacts and 

identification of any positives, we need to 

think of alternatives. What is ORE use 

compared to? For example, comparing with a 

sea bed not used or another one that is 

fished; may give a bias. 

methods for 

micropladtics studies 

are new and time 

consuming for long 

temr effects- needs to 

be considered in lack 

of robust studies

Cluster 4 D10: Marine Litter

What do you think are the key gaps and especially knowledge gaps for these descriptors?

CLUSTER 4: D8, D9, D10
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