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Climate-readiness of Nature based Solutions

Objective: In light of climate change, what areas may be able to 
support the same levels of species & ecosystem function that enable 
the delivery of effective NBS into the future?

Conducting analysis of ocean climate modelling to help design climate-
resilient spatial mechanisms.

Prof Ana 
Queiros

Dr Liz 
Talbot

Contact: anqu@pml.ac.uk 

sat@pml.ac.uk

Climate change hotspots

Climate change refugia
b) Allow other uses of site x by  (which) sector(s).

a) Prioritise sector (e.g. MPA) in area x 
promoting climate change adaption potential 
of sector.

Figure : Climate change resilience maps for benthic species (other than megafauna) in Irish 
waters, against the distribution of the exiting Natura 2000 network & human pressures and 
maritime sectors. Animations run through the 21st century, contrasting the present 20 year period 
(2006-2025) with all subsequent 20 year periods, the first year of each indicated in the bottom left  
corner of each map. RCP4.5 (left) and RCP8.5 (right). In: Queiros et al. 2023

What no regrets decisions can be made about the 
allocation of conservation & restauration areas that increases 
resilience to climate change?

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjDhYSs3KLXAhVGXhQKHfryAUQQjRwIBw&url=http://www.euromarinenetwork.eu/membership/organisations&psig=AOvVaw2oZdG8ushGEMTh8O6amH6X&ust=1509809370354558
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Climate-ready strategies for Nature Based 
solutions: working with local partners
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Storylines: Climate-ready strategies for Nature 
Based solutions Regional Basin

Western Mediterranean 

Sea
(& NW Med) MSP & MPAs

North Sea and NE Atlantic
MSP & MPAs

Archipelago Sea
MSP & MPAs

Portuguese coast
Coastal vegetated 

habitats & 

associated fauna

Balearic Islands:
Coastal vegetated 

habitats & 

associated fauna

Atlantic: 
Conservation of 

Estuarine & shelf 

Species

Ireland:

MPA network

Tuscan Archipelago
Coastal vegetated habitats & 

associated fauna
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Product 1: Call for Knowledge Needs :
A climate-smart path for Ireland’s MPA network
Supporting the climate resilient delivery Ireland’s MPA Bill & EU Biodiversity Strategy

Supported by Call for Knowledge Needs, T6.1 team worked with Fair Seas delivering new chapter for Revitalising our Seas report.

Fair Seas seek to inform on current Irish MPA network expansion legislation. T6.1 advised on extent to which new areas are climate-resilient, for which species 
groups.

Delivered: October 2023

FutureMARES scientists Prof Ana Queiros and Dr Liz Talbot worked with 
Fair Seas to support their response to the Irish Government consultation on 
the MPA Bill and encourage the design of a climate-resilient MPA network 

(summer 2023). 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjDhYSs3KLXAhVGXhQKHfryAUQQjRwIBw&url=http://www.euromarinenetwork.eu/membership/organisations&psig=AOvVaw2oZdG8ushGEMTh8O6amH6X&ust=1509809370354558


Source: Fair Seas (2023) Revitalising Our Seas. 110 pp.

Q1: Are identified Areas of Interest 
resilient to climate change?

Q2: What no regrets decisions can 
be made about the siting of MPAs 
that increase the resilience of nature 
to climate change?



Source: Ana Queirós, Liz Talbot, Susan Kay, Sevrine Sailley and Jose A Fernandes (2024). A climate-resilient path for Ireland’s Marine Protected Area network. 16 
pp.
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Approach: Bright spots framework

State-of-the-art ocean climate modelling 
representative of the environment and 

species of interest to each sector.

Sector-specific 
spatial random-effects meta-analysis 

of ocean climate modelling.
(climate signal detection)

method: Queiros et al. 2021 GCB

Climate change 
hotspots

Bright spots

Climate change refugia

Sectorial climate-resilience maps
(present to end of century) 

Blue economy GIS data overlay 
allows management scenario 

exploration of within / cross sector 
interactions & climate effects

for each sector.

Which areas present potential for
no-regrets spatial decisions 

regarding the location of NbS?

Contact: anqu@pml.ac.uk 

sat@pml.ac.uk

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjDhYSs3KLXAhVGXhQKHfryAUQQjRwIBw&url=http://www.euromarinenetwork.eu/membership/organisations&psig=AOvVaw2oZdG8ushGEMTh8O6amH6X&ust=1509809370354558


MEGAFAUNA reliant on WATER COLUMNS prey & 
habitats

MEGAFAUNA reliant on SEAFLOOR prey & habitats

SEAFLOOR (BENTHIC) SPECIESWATER COLUMN SPECIES (beyond megafauna)

KEY Species groups
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Modelling data analyses suggests there are opportunities for enable climate-resilient conservation 
for a number of species groups.
Detailed modelling analyses were carried out and summarized at the appropriate detail level, to support use of report data.

Main findings: implementation of new proposed areas could lead to protection of long-term climate change refugia for at least 
one group of species considered in this report  (281, 501km2, equivalent to 67% of the Irish EEZ, Figure 2)

Figure 1 Figure 2

Call for Knowledge Needs;
A climate-smart path for Irish MPAs

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjDhYSs3KLXAhVGXhQKHfryAUQQjRwIBw&url=http://www.euromarinenetwork.eu/membership/organisations&psig=AOvVaw2oZdG8ushGEMTh8O6amH6X&ust=1509809370354558
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Report – media pick up & the importance of 
working with local networks

Audience: Reached an estimated audience of 5.7m people, the equivalent advertising cost is approximately €75,000. 

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjDhYSs3KLXAhVGXhQKHfryAUQQjRwIBw&url=http://www.euromarinenetwork.eu/membership/organisations&psig=AOvVaw2oZdG8ushGEMTh8O6amH6X&ust=1509809370354558
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Storylines: Climate-ready strategies for Nature 
Based solutions across the EU

Figure: Location of long-term climate change refugia (orange) and hotspots (blue), despite 
climate change. PML analyses of CEFAS EwE with Ecospace modelling.
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Fisheries regulation – new MPAs - increases climate-resilience of 
ecosystems to climate change in the North Sea

Figure: Location of long-term climate change refugia (orange) increases (hotspots = blue) with more MPAs 
sited, despite climate change. PML analyses of CEFAS EwE with Ecospace modelling.

RCP 8.5 RCP 2.6
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Climate-ready strategies for Nature Based 
solutions: tapping into wider engagement 

networks
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Tapping into wider engagement networks
Science as an ally to policy change

Networking Fridays webinar (Ana presented) – hosted by ML2030 UN Ocean 
Decade program. 

Hosted by AIR Centre. >100 attendees (Feb 2024)

World Ocean Summit (Apr 2024)
Ana led panel “Creating an enabling 
environment for ocean science and 

governance”.

Climate-smart approach presented during WG6 sessions, 
Barcelona, April 2024
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Co-hosted ICES Workshop on climate change 
considerations in Marine Spatial Planning 
(WCCCMSP, Delivered Oct 2023)

54 marine planners and researchers from 20 countries: 

How is MSP affected by climate change?

How is MPS contributing the climate change adaptation & mitigation?

How can MSP help deliver international climate action?

Results: 
Extensive knowledge sharing and solution co-development.

Advanced collaboration between marine planning, conservation 
and fisheries management and researchers.

Co-produced perspective paper planned for July 2024.

Further engagement at UN Ocean Decade Conference (Apr 2024)

Supported by IOC UNESCO, will be followed by session at ICES 
ASM 2024.
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FutureMARES 
Science for Policy

T H AN K  Y O U !

C O N TAC T S :  P R O F  AN A Q U E I R O S  AN Q U @ P M L . AC . U K

CLIMATE-SMART NATURE-BASED SOLUTIONS
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FutureMARES Science for Policy
Session 2: Big data for ecosystem services indicators 
under climate change to evaluate nature-based solutions
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The indicators framework developed in FutureMARES has allowed to select 
biodiversity, climate change, socio-economic and policy-relevant indicators 
suitable to evaluate NBS based on 27 case studies across European marine 
waters.

Harvest, pressure and/or habitats are the most used indicators.

Socioeconomic indicators to assess CC mitigation or adaptation are rarely 
contemplated, only some indicators to aggregate carbon footprint valuation.

Key results and tools

Communities and fish size reduction due to climate change is being observed which 
agrees with previous forecasts and new forecasts confirming that this is expected to 

continue under current trends and climate change scenarios.

Most communities have responded to warming via abundance increases of 
warm-water species (54%) and decreases of cold-water species (18%).

Tropicalization dominated Atlantic sites compared to semi-enclosed basins.
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The evidence base: 6 scientific publications
Chust et al. (2022) Climate regime 
shifts and biodiversity redistribution in 
the Bay of Biscay. Science of the 
Total Environment 803:149622. 

Chust et al. (2024) Cross-basin and cross-taxa 
patterns of marine community tropicalization 
and deborealization in warming European 
seas. Nature Communications 15(1), 2126.

Chust et al. (2023) Species acclimatization 
pathways: Latitudinal shifts and timing 
adjustments to track ocean warming. 
Ecological Indicators 146:109752.

Murillas-Maza et al. (2023) Ecosystem 
indicators to measure the effectiveness of 
marine nature-based solutions on society 
and biodiversity under climate change. 
Nature-Based Solutions 4, 100085. 

Taboada, F. G. et al. (2024) Shrinking body 
size of European anchovy in the Bay of 
Biscay. Global Change Biology, 30(1), 
e17047.

Erauskin-Extramiana et al. (2023). Implications 
for the global tuna fishing industry of climate 
change-driven alterations in productivity and 
body sizes. Global and Planetary Change 222, 
104055.
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• Chust G., et al. ICES ASC, 18-24 September 2022, Dublin, Ireland.
• Two talks at ICES Annual Science Conference. 9–12 September 2024. Gateshead, United Kingdom.
• Erauskin-Extramiana, et al. 2023 Species on the Move Conference. Bonita Springs, Florida, USA. May 14-19, 2023.
• Erauskin-Extramiana, et al. 73rd Tuna Conference. San Diego, California, USA. May 22–25 2023.
• Three talks at ICES Annual Science Conference. Bilbao, Spain. 11–14 September 2023. 
• Lekunberri, X, et al. 6th World Conference on Marine Biodiversity. Penang, Malaysia. 2–5 July 2023. 
• Murillas-Maza, A. 3rd ESP Europe Conference, Tartu, Estonia. 2021. 
• Two talks at 5th International Symposium on the Effects of Climate Change on the World’s Ocean. Bergen, Norway. 17-21 April 2023.
• Chust, G. ICCAT – CC SUR, Online, 17 April 2024.
• Chust, G. VII Jornada de la flota de cerco. Acerga, 5 April 2024. Sada, Galicia, Spain.
• Fernandes, J.A. et al. Long Distance Fisheries Advisory Council workshop. Stockholm, 15 May 2023.
• Fernandes-Salvador, J.A. II congreso INTERFISH. Vigo, Spain. 12-13 April 2023.
• Fernandes, J.A. European Parliament, Brussels, Belgium. 29 June 2023.
• Fernandes-Salvador, J.A. ACI Decarbonisation in Shipping: Europe 2023. Hamburg, Germany. 7 Sept. 2023. 
• Chust, G. “Jornadas para el planeta” within Basque Environment Ocean WEEK Bilbao, 8 June 2022.
• Chust, G twice at RiMER course, Feb 2023, Aquarium - San Sebastián, Spain.
• Chust, G. Invited lecture in the SIBIC (Sociedad Ibérica de Ictiología) webinar. Feb 9th, 2022.
• Fernandes, J.A. Twice at Curso de extensión universitaria sobre Estudios Marítimos. Universidad da Coruña. Online.
• Fernandes, J.A., Pint of Science event. Kubrick, Bilbao, Spain. 23 May 2023
• Book chapter: Chust, G. et al. Turnover of fish diversity and fisheries in a warmer global ocean. Elsevier.
• Some of the work to be presented in DGMARE organized event where we are invited speakers (end of September 2024).
• Presentations in ICES groups where we are chair or members (e.g. WGMLEARN, WGSHIP, WGIPEM).
• Murillas-Maza, A. IUCN Task Force 3 (Governance, Business models and Financial Mechanisms). Online, 27th June 2022
• Fernandes Invited expert North Sea Advisory Council (NSAC) meeting. 10 July, Donosti, Spain. 
• Fernandes Invited talk. United Nations Statistics Division conference, Bilbao, Spain, 10-14 June 2024. 
• The Future of Shipping at the biodiversity-climate nexus. World Maritime University, Malmö, Sweden. 13-15 May. 
• Green transition workshop for European Commission Joint Research Center study. 7 April 2022, Donostia-San Sebastian, Spain).

12 talks in scientific conferences, 
6 invited talks at policy/industry events, 
6 general public and students events, 
7 talks at international policy events

3 press releases with tv and radio coverage
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• Include Community Temperature Index (CTI), which consider species composition
and abundance response to temperature, and other climate & biodiversity indicators
in Eurostat and corresponding national and regional official statistical organizations.

• Include new socio-economic indicators considering CC (market and non-market
based) to the System of Environmental Economic Accounting (SEEA).

• Increase research funding calls and tenders to support climate observatories and
calculation of indicators that address limitations with socio-economic indicators under
CC using big data and artificial intelligence multidisciplinary approaches. Impact
assessment under CC after implementing NBS&NIH remains understudied.

• Establish long-term network monitoring programs at decadal scales to continue,
improve and produce novel approaches for data collection (e.g. ships of opportunity)
and its analysis (e.g. big data and artificial intelligence approaches).

Recommendations for the European Commission
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FutureMARES Science for Policy

Session 2: Marine Restoration



Restoration of habitat-forming (foundation) species
FutureMARES storylines

Ecosystem functions and services
Coastal protection  

Carbon sequestration

Biodiversity

Seawater quality/clarity
…

KELP RESTORATION
# 1 (2,3): Inter-relationships among 
kelp, sea-urchins and cod (Norwegian 
Coast, NE Atl./North Sea)
#21: Kelp forests & biodiversity (N. 
Portugal, Iberian & Bay of Biscay)

SEAGRASS
Zostera marina

Denmark, SW Baltic 
Sea)

Zostera noltei
Iberian & Bay of Biscay

Posidonia oceanica
Western Mediterranean

SALTMARSH
Saltmarsh habitats
NE Atlantic/
North Sea (Torridge)

Photo: Peter Bondo Christensen

Photo: Gary Banta

REEF-FORMING 
ORGANISMS
Oyster/mussels

Dutch coast, 
NE Atl./North Sea)

1

10

6

21

20 25

11

Photo: Peter Bondo Christensen

Photo: Kasper Hancke

Climate change 
adaptation & mitigation, 
fisheries, tourism, 
cultural activities

KELP/MACROALGAE
Kelp
Norwegian Coast, NE Atl./North Sea

Seaweeds, seagrasses
NE Baltic Sea

Kelp
Portugal, Iberian & Bay of Biscay33

10
11

20
21

1

25

6

24

33
Large-scale 
restoration-
protection 
synergies
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for e.g. the EU Biodiversity Strategy & EU Nature Restoration Law  
-> guidance for Member States on restoration of foundation species

Examples of tools of policy relevance

Habitat suitability models – current and future

Key message: 
• Restoration is much more than “active restoration”
• “Passive restoration” stimulates natural recolonization
• Active restoration should target key areas lacking mother populations
• Iterative process: planning, monitoring, evaluation, adjustment

Habitat connectivity models
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Habitat suitability models to support seagrass and seaweed 
restoration planning  Lead by Wilson, Queirós et al. 

Projected change (%) in seagrass   
(P. oceanica) biomass by 2040-2059

Key message: Identification of climate change hotspots & climate-smart restoration areas: climate refugia & “bright spots.

(RCP2.6)

(RCP8.5)

(RCP8.5)

Consistently appearing climate change refugia, hotspots around the Balearic Islands 2026-2069 

Further validation with observed distribution 
is ongoing
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New dispersal model of eelgrass - coupled hydrodynamic 
and individual-based model, and network analysis

Seagrass connectivity model to 
guide choice of restoration site

Pastor et al. 2022 (Marine Environmental Research)

Fragile nodes

Resilient nodes

Settlement nodes

Fragile nodes

-> For Zostera marina, Denmark; Posidonia oceanica, NW Med.

Settlement nodes

Resilient nodes

Based on historical Z. 
marina distribution, 
Kattegat, Denmark

Key message: Important to restore lost areas of high eelgrass resilience as 
well as fragile populations which would not naturally recolonize  
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Habitat suitability models for restoration planning
• Publication status: FutureMARES Deliverable Report 4.1; 

international manuscript under preparation
• Communicated and discussed with national stakeholders, at 

international conferences and at policy events (e.g. UN Ocean 
Decade)

Seagrass connectivity models for restoration planning
• Publication status: FutureMARES Deliverable Report 4.1; two 

peer-reviewed publications
• Communicated and discussed as above

Opportunities
• Relevance for e.g. national restoration plans (EU Nat. Res. 

Law)
• Development of similar models for other regions/species

Dissemination and Opportunities
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