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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 

Diadromous species perform their life cycle between ocean and rivers with mandatory 
migrations between the two domains (McDowall 1988), and marine-estuarine opportunist 
(MEO) fish are species entering estuaries searching for nursery areas with high food 
availability, suitable environmental conditions for a rapid growth and refuge from predators 
(e.g. Lefcheck et al. 2019). 

Migratory resources, especially the ones connecting land to sea, have a unique ecological 
function, contributing to the functioning of various systems in their lifetime. In terms of nutrient 
regulation, diadromous species bring nutrients of marine origin to rivers (e.g. decomposition of 
spawners’ carcasses) and riverine nutrients to marine food-webs (e.g. predation by 
carnivorous marine fishes and seabirds) (Poulet et al. in press). Beyond their ecological role, 
diadromous species and marine-estuarine opportunists are also highly valuable for 
commercial and recreational fisheries, with crucial interconnections between domains for their 
production (e.g. Castelnaud et al. 2011, Le Pape et al. 2003). But most of all, their complex 
and unique life cycle make them charismatic and emblematic species of high cultural, almost 
spiritual value, difficult to monetarise (e.g. Liebich et al. 2018). 
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In the North-East Atlantic region, the species of main interest are shads (Alosa alosa and A. 
fallax), lampreys (Petromyzon marinus and Lampetra fluviatilis), salmon and sea trout (Salmo 
salar and Salmo trutta trutta), sturgeon (Acipenser sturio), eel (Anguilla anguilla), mullet 
(Chelon ramada) and smelt (Osmerus eperlanus) for diadromous species, while the common 
sole (Solea solea), plaice (Pleuronectes platessa), flounder (Platichthys flesus), meagre 
(Argyrosomus regius) and seabass (Dicentrarchus labrax) are key marine-estuarine 
opportunist stocks. In the North Atlantic, diadromous species abundances have declined 
dramatically from original baselines (Limburg & Waldman 2009, Wilson & Veneranta 2019). 
Marine-estuarine opportunists as many other North-East Atlantic stocks had suffered from 
overexploitation but now show signs of recovery following improved management of EU 
fisheries (Zimmermann & Werner 2019). 

In the North-east Atlantic Ocean, there are 550 inshore and offshore MPAs, but only 153 of 
these MPAs have a management plan and even less have specific actions for transient 
resources (Álvarez-Fernández et al. 2017). Nonetheless, preliminary modelling results tended 
to demonstrate that habitats favourable for diadromous species are more prevalent in MPAs 
than in adjacent waters (Sophie Elliott, MNHN, pers. comm.). 

Knowing the magnitude of the range-shift response of these functionally important species 
might be crucial to provide efficient adaptation to climate change for coastal and transitional 
waters and human-related activities, and thus long-term delivery of ecosystem services 
(Semmens et al. 2011).  

 
Figure 1: Salt marshes and square net fishing in the Gironde estuary (south-west of France).  

Credit: ®Irstea/Cemagref 

 

Projected impacts of climate change  

Species using the land-sea continuum across their life cycle have to face changes in 
continental, estuarine and marine environmental drivers carrying potentially contradictory and 
disconnected signals for fish species. 

[Taken from Arevalo et al., 2020] 

“In freshwater environments, climate change has led to a reduction in annual river discharge 
(e.g., in large French rivers; Maire et al., 2019) and this trend is expected to intensify in the 
future (Dayon et al., 2018). Extreme events such as floods and droughts are expected to 
become more frequent, intense and unpredictable (Blöschl et al., 2017), along with an increase 
in mean water temperature of up to +1.6 °C (Bal et al., 2014; van Vliet et al., 2013).” 
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The combined trends of increased water temperature, elevated salinity and sea level, and 
decreased precipitation and river flow are causing estuarine ecosystems to have more marine 
characteristics, particularly across southern Europe (Chaalali et al. 2013, Chevillot et al. 2016). 
These trends are predicted to intensify in the future (Hallett et al. 2017). 

In the marine domain, those changes converted into modifications in the spatial extent and 
dynamics of river plumes, affecting the physical, chemical and biological properties of coastal 
ecosystems (Gamito et al. 2016). Chust et al. (2021) provide a synthesis of the multiple 
occurring climate trends in the Bay of Biscay with changes in temperature (warming), mixed 
layer depth (deepening), and sea level (rise) that could interact with the species’ marine phase. 

 
Figure 2: Conceptual summary of predicted environmental and ecological impacts of climate change across 
estuaries in general (Hallett et al. 2017) (1) declining rainfall ➔(leads to) decreased freshwater flows ➔ (2) 
reduced riverine flushing of estuaries ➔ (3) increased retention and internal nutrient cycling. (4) Increased sea 
level and storm surge ➔ (5) enhanced marine influence and increased salinities ➔ (6) upstream contraction of 
freshwater species distributions and (7) expanded marine species distributions. (8) Increasing water temperatures 
➔ (9) increased growth of ectotherms and (10) growth of macroalgae is favoured over seagrasses. 

 

 
 

Salinity (in PSU) changes in the far future at 
seafloor under scenario SSP5-8.5 

Potential Temperature (in degrees C) 
changes in the far future at seafloor under 
scenario SSP5-8.5 
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Salinity (in PSU) changes in the mid future at 
seafloor under scenario SSP5-8.5 

Potential Temperature (in degrees C) 
changes in the mid future at seafloor under 
scenario SSP5-8.5 

  
Salinity (in PSU) at seafloor under present 
day conditions 

Potential Temperature (in degrees C) at 
seafloor under present day conditions 

  
Salinity (in PSU) at seafloor under present 
day conditions 

Potential Temperature (in degrees C) at 
seafloor under present day conditions 

Figure 3: Climate projections for the Bay of Biscay and surrounds. The figures were produced using trend 
preserving statistical downscaling (Lange 2019) of a multi-model ensemble Earth System Model historical 

simulations and future projections from the CMIP6 archive trained on reanalysis  
datasets from the Copernicus Marine Environment Monitoring Service. 

 

Geographical Maps were extracted from the full dataset by averaging over the following 
periods, consistent with the periods considered in the IPCC AR6 WG1 report: 

- present day: 1995-2014           - near future: 2021-2040 
- mid future: 2041-2060              - far future: 2080-2099 
 
Credit: Momme Butenschön, Euro-Mediterranean Center on Climate Change 
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Scenarios describing future society and economy  

FutureMARES will develop policy-relevant scenarios with stakeholders across the world. 
These scenarios are based on commonly used IPCC frameworks including SSPs and RCPs. 

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

such as model simulations in FutureMARES project. Credit: FutureMARES 
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FutureMARES research needs  

Given the observed and projected impacts of climate change, managing stocks migrating over 
long distances and using multiple habitats across the land-sea continuum is a challenge (e.g. 
Danto, 2021) for which priority research needs were identified below: 

● Improve knowledge on their distribution at sea, and along the land-sea continuum 
● Assess their overall vulnerability to climate change based on their life-history traits as 

long as the vulnerability of essential habitats 
● Evaluate the impacts of climate change in terms of spatial distributions 
● Analyse the importance of connecting habitats in the specific range-shift responses 
● Test various scenarios of NBS implementations for an effective conservation and 

sustainable exploitation 
● Provide first steps towards management measures considering their migratory nature 

across 

 

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

● T1.1 Database preparation with MEO abundances through years crossed with 
observed temperatures for the CTI analysis 

● T1.2 Select and classify traits of migratory fish species for BTA 
● T1.4 Regionalise scenarios for use in storyline 
● T4.3 Advance niche-based modelling to assess range-shift responses and their 

dependences to the consideration of multiple habitats in models – ongoing 
● T5.1, 5.2 Climate risk analyses for migratory species and habitats: impact chain ready 

+ training session + species, hazards, experts listed, CRA meeting planned 
● T6.1 Spatial assessment of CC readiness – list of species and habitat ready 
● T8.1 Engage relevant stakeholders on the benefits (and costs and trade-offs) of NBS 

implementation - MPAs local event planned for early 2022 

 

Storyline Contact 

Henrique Cabral (INRAE) - henrique.cabral@inrae.fr  
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