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Introduction 

The EU Horizon project FutureMARES (2020-2024) was designed to develop science-based 
advice on viable actions and strategies to safeguard biodiversity and ecosystem functions to 
maximise natural capital and its delivery of services from marine and transitional ecosystems in a 
future climate. The program investigates effective habitat restoration, conservation strategies and 
sustainable harvesting at locations across a broad range of European and other marine and 
transitional systems. The restoration of habitat-forming species (plants or animals) and habitat 
conservation (e.g. marine protected areas, MPAs) represent two nature-based solutions (NBS) 
defined by the EU as "resource efficient actions inspired or supported by nature to simultaneously 
provide environmental, social and economic benefits that help to build resilience to change". A third 
action that will interact with these two NBS and have positive effects on marine biodiversity is 
nature-inclusive harvesting (NIH) such as the sustainable farming of plants and animals at the base 
of marine food webs and ecosystem-based management practices for traditional (artisanal) and 
commercial fisheries. FutureMARES will advance the state-of-the-art forecasting capability for 
species of high conservation value, explore new and less carbon intensive aquaculture production 
methods, perform modelling analyses geared towards informing the development of climate-smart 
marine spatial planning approaches, and provide an assessment of ecosystem services based on 
scenarios of climate change and the implementation of NBS and NIH. 

This document provides a multi-disciplinary summary of activities conducted in FutureMARES 
in a specific area on specific NBS and/or NIH. The activities include work across various 
disciplines including marine ecology (analyses of historical time series and experiments 
performed in the field and laboratory), climate change projection modelling (future physical, 
biogeochemical and ecological changes), economic analyses, social-ecological risk 
assessments. Many of these components and analyses, including NBS / NIH scenarios tested, 
were co-developed with local and regional stakeholders through regular engagement activities. 
The work presented in these Storylines represent activities conducted by a large number of 
FutureMARES project partners. Broader comparisons and syntheses (across regions and/or 
topics) are provided in the FutureMARES deliverable reports (www.futuremares.eu) submitted 
to the European Commission. 

NBS regional context 

At the present time, beyond a few small test sites for kelp and mussels, there is very little 
aquaculture in the open North Sea. The Dutch government intends to stimulate offshore 
extractive aquaculture, particularly co-located within designated wind farm areas. As trawling 
and other fisheries activities are excluded from wind farms, these renewable energy locations 
are also seen as suitable aquaculture sites. Harvesting seaweed and shellfish will remove 
nutrients from the system. As the southern North Sea is still considered slightly eutrophic, 
removal of nutrients can be seen as beneficial and be termed a regulating ecosystem service. 
However, initial calculations suggest that marked upscaling of this form of aquaculture may 
lead to over-exploitation and depletion of nutrients; i.e. from an ecosystem service to an 
ecosystem threat. The main question is how much upscaling of these activities is possible 
before carrying capacity for other ecosystem components, such as the production of fish, is 
affected. 

Next to seaweed and mussels, the native flat oyster (Ostrea edulis) is a candidate for offshore 
aquaculture. Windfarms are considered suitable locations for flat oyster restoration, which can 
potentially be combined with aquaculture of the species. Historically, the native flat oyster beds 
covered such a large area that they will have impacted the nutrient cycles and hence primary 
production in the North Sea. The most commonly cultivated seaweed species is kelp  
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(Saccharina latissima). At certain scales, extractive aquaculture and restoration efforts will start 
to interact and potentially even compete. Scenarios of different magnitudes of shellfish 
restoration, cultivation and harvesting in different climate futures remain to be tested. As 
current plans indicate that offshore aquaculture is likely to be co-located within wind farms, 
scenarios will concentrate on the currently designated search areas for future wind farms (See 
figure 1).  

 
Figure 1: Current spatial planning in the Dutch EEZ, indicating areas for wind farm development,  

Natura2000 areas and future exclusion zones for bottom trawling. Credit: Deltares 
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Figure 2: Seaweed cultivation. Credit: Luca van Duren 

 

Projected impacts of climate change  

Effects of climate change in the North Sea region are sea level rise, coastal erosion and more 
weather extremes such as heat waves and severe storms in summer. Climate-driven 
acidification can cause negative effects to planktonic larvae of shellfish can be exacerbated by 
changes in riverine nutrient loads. 

Kelp is a typical cold-water species. Although the fjords and other deeper, open sea areas are 
buffered against temperature changes, it is likely that climate change will alter seasonal growth 
dynamics and rates of nutrient uptake by kelp. Therefore, also impact of seaweed cultivation 
on the ecosystem will likely change with climate change. 

There is considerable uncertainty in important physical and biogeochemical processes in 
models being used to explore thresholds in North Sea carrying capacity due to increases in 
aquaculture at windfarms. The models used to assess growth and impact of seaweed and 
mussel cultivation take into account the effects of stratification but the effects of wind farm 
infrastructure on this process it is unclear and debated. Depending on the site characteristics, 
the effect of wind farms on water column mixing and vertical differences in temperature may 
be significant. A second uncertainty is the natural colonization of turbine support structures 
with mussels and other filter-feeders that will also influence local nutrient dynamics, 
phytoplankton biomass and potentially even primary production. Feedback mechanisms are 
included in model formulations but have not been tested. Finally, the uptake kinetics of 
nutrients by kelp are calibrated for different (Norwegian) environmental conditions (Broch & 
Slagstad 2012) and population-specific differences (e.g. adaptation to local conditions) remain 
to be studied. 

Oyster reefs can potentially make the North Sea biodiversity more resilient to change by 
providing substrate and shelter for a variety of organisms. Oyster strains may also differ in their 
susceptibility to climate change. 
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Scenarios describing future society and economy  

FutureMARES will develop policy-relevant scenarios based on commonly used IPCC 
frameworks including SSPs and RCPs. These broad scenarios are regionalised based on 
stakeholder perspectives to guide activities such as model simulations in specific Storylines. 
Each of these scenarios has implications for the three NBS examined in this program (effective 
restoration, effective conservation, sustainable seafood harvesting): 

Global Sustainability (SSP126) - Low challenges to mitigation and adaptation 

The world shifts gradually but pervasively to a more sustainable path, emphasising inclusive 
development that respects perceived environmental boundaries. Management of the global 
commons slowly improves, investments in educational and health accelerate lower birth and 
death rates, and the emphasis on economic growth shifts to an emphasis on human well-
being. Societies increasingly commit to achieving development goals and this reduces 
inequality across and within countries. Consumption is oriented toward lower material growth, 
resource and energy intensity. 

National Enterprise (SSP385) - High challenges to mitigation and adaptation 

A resurgent nationalism, concerns about competitiveness and security, and regional conflicts 
push countries to focus on domestic or regional issues. Policies shift over time to be oriented 
more on national and regional security. Countries focus on achieving energy and food security 
goals within their own regions at the expense of broader-based development. Investments in 
education and technological development decline. Economic development is slow, 
consumption is material-intensive, and inequalities persist or worsen over time. Population 
growth is low in industrialised countries and high in developing ones. A low international priority 
for addressing environmental concerns leads to strong environmental degradation in some 
regions. 

World Markets (SSP585) - High challenges to mitigation, low challenges to adaptation 

The world increasingly believes in competitive markets, innovation and participatory societies 
to produce rapid technological progress and train and educate people for sustainable 
development. Global markets become more integrated and strong investments in health, 
education, and institutions are made to enhance human and social capital. The push for 
economic and social development is coupled with exploiting abundant fossil fuel resources 
and adopting resource and energy intensive lifestyles around the world. All these factors lead 
to rapid growth of the global economy, while global population peaks and declines in the 21st 
century. Local environmental problems like air pollution are successfully managed. There is 
faith in the ability to effectively manage social and ecological systems, including by geo-
engineering if necessary. 

 
Figure 3: Representation of three, broad scenarios to be regionalised to guide activities 

such as model simulations in FutureMARES project. Credit: FutureMARES 
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Regionalization of these scenarios for work on carrying capacity estimates of restoration and 
aquaculture activities at windfarms need to include different magnitudes of kelp and shellfish 
production. Within each climate scenario, the following levels will be tested 

• 5 - 10% selected wind farm sites’ seaweed 
• 5 - 10% selected wind farm sites’ mussels 
• 5 - 10% selected wind farm sites’ seaweed + mussels. 

In conjunction with Storyline #10 on oysters the following scenarios are envisaged: 

• Flat oysters (in the wind farms Borssele and TNvW) 
• Flat oysters + cultivation scenarios. 

 

FutureMARES research needs  

To perform the analyses of carrying capacity needed to plan effective restoration and 
aquaculture and kelp and shellfish, a large amount of data on nutrient and SPM loads at high 
temporal and spatial resolution is needed. 

Fundamental process knowledge is needed on the nutrient and growth dynamics of shellfish 
(variation of N and P uptake in relation to nutrient availability, light climate and temperature) 
which is species- and site-specific. These parameters are needed to parameterize suitable 
Dynamic Energy Budget (DEB) models. 

It is unclear if shellfish reefs are a net sink or source of CO2. By taking habitat modification 
beyond the boundaries of reefs (CO2 burial in the sediment) into account, a better estimate 
can be provided on the potential for restoration of shellfish beds to sequester carbon (mitigate 
climate change). Two locations are ideal for testing this for Pacific oyster: natural beds and 
restored beds (10 years old) exist in the Oosterschelde estuary that are being monitored for 
their potential for mitigating coastal erosion and enhancing carbon storage and biodiversity. 

 

FutureMARES research (T = Task – see program structure at futuremares.eu) 

• T1.4 Regionalise FutureMARES scenarios based on input from a variety of 
stakeholders involved in the development of aquaculture and renewable energy in the 
Dutch EEZ. 

• T2.3 Incorporate estimates from downscaled CMIP6 ensemble projections suitable 
for examining climate-driven changes in physical and biogeochemical processes 
(without increased lower trophic level aquaculture). 

• T3.1 Co-plan in-situ incubations to yield input required for models on carbon 
sequestration on oyster reefs, sediment affected by Pacific oyster reef as surrogate 
information for cupped oyster reefs at wind farms; 

• T4.3 Perform model simulations regarding the sensitivity of different strains of flat 
oysters to changes in temperature, SPM and food (nutrients) and explore scenarios 
of aquaculture and windfarm development and effects on phytoplankton primary 
production and shellfish secondary production, considering both wild, cultivated and 
restored populations. The new model will incorporate information from T3.2 and T3.3 
to assess adaptation and restoration / recovery potential of natural populations of 
cupped oyster; 
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• T4.4 Perform model runs to inform ecosystem models on the future distribution of flat 

oysters in the North Sea; 
• T5.1 Contribute ecological information to a climate risk analysis for the North Sea 

based on carrying capacity estimates and future scenarios of climate and windfarm / 
aquaculture development 

• T5.3 Contribute ecosystem service information to a social-ecological risk analysis in 
terms of Provisioning (yield per location) and Regulating (eutrophication mitigation via 
trophic indicators such as TRIX) ecosystem services; 

• T7.1 Inform and integrate finding in the regional policy landscape, especially OSPAR 
examining cumulative impacts of multiple pressures; 

• T8.2 Engage national stakeholders via physical meetings or individual interviews, 
particularly stakeholders involved in the Dutch ‘Community of Practice’.     

 

Storyline Contact 

Luca van Duren (Deltares) - luca.vanduren@deltares.nl  
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