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Introduction to FutureMARES

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.
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Figurel: Overview of FutureMARES Storylines

FutureMARES was designed to:

i advance the state-of-the-art forecasting capability for species of high
conservation value,

1 explore new and less carbon intensive aquaculture production methods,

1 perform modelling analyses geared towards informing the development of
climate-smart marine spatial planning approaches, and

1 provide an assessment of ecosystem services based on scenarios of climate
change and the implementation of NBS and NIH.

This document provides a summary of activities conducted in FutureMARES in a specific area
on specific NBS and/or NIH. The activities are multi-disciplinary and include 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 and social-ecological risk assessments. Many of these components and
analyses were co-developed with local and regional stakeholders through regular engagement
activities. The work presented in this Storyline document 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 submitted to the
European Commission (www.futuremares.eu).
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Regional Storyline Context

The Aegean Sea is a distinct ecoregion situated in the crossroads of three continents. It has
an insular character with more than 1,400 islands and islets, and an intricate geomorphology,
with a mixture of shallow shelves and deep basins with troughs reaching 2500 m in depth
(Sakellariou et al. 2005). A variety of habitats, including seagrass beds, reefs, soft bottoms,
estuaries, coastal lagoons, coralligenous formations, deep-sea oxic sediments, submarine
volcanoes with seafloor hydrothermal vents, and >600 submerged or semi-submerged marine
caves, supports a very rich biodiversity (e.g., Gerovasileiou et al. 2015, Sini et al. 2017,
Polymenakou et al. 2020, Papaconstantinou and Conides 2021, Panayotidis and Tsiamis
2021). The Aegean Sea hosts the largest population of the endangered Mediterranean monk
seal (Monachus monachus), the only resident population of the harbour porpoise (Phocoena
phocoeana) in the Mediterranean Sea, unique cave biodiversity, and important populations of
many endangered and protected species (Gerovasileiou et al. 2015, Sini et al. 2017).

The marine environment of the Aegean Sea offers a variety of ecosystem services, with coastal
tourism, and food provision (fishing and aguaculture) being among the most important in terms
of socio-economic benefits. However, the Aegean Sea is heavily impacted by human activities
and global stressors, mainly due to historical and current overfishing (Tsikliras et al. 2013, Sini
et al. 2019), pollution (Papathanassiou and Zenetos 2005, Katsanevakis et al. 2007),
eutrophication (Triantafyllou et al. 2001), climate change, and invasive species (Katsanevakis
et al. 2020), which compromise the sustainable flow of ecosystem services.

The eastern Mediterranean is a global hotspot of biological invasions. Most of the invasive
species are thermophilic Red Sea species, introduced through the Suez Canal, whose further
spread northwards in the Aegean Sea is assisted by the fast warming of the basin
(Katsanevakis et al. 2020). These species can have detrimental impacts on native biodiversity

(Katsanevakis et al . 2014) and compromi se cons

particular, rocky reefs in southern Aegean have been degraded in recent decades, largely due
to the invasive herbivore alien rabbit fish Siganus luridus and Siganus rivulatus, from a habitat
dominated by lush and diverse brown algal forests to another dominated by bare rock
(Panayotidis and Tsiamis 2021). Recently, in an assessment of the status of coastal benthic
ecosystems in the Mediterranean Sea, the rocky habitats of the Aegean Sea were assessed
as having the poorest condition in the Mediterranean (Bevilacqua et al. 2020).

Conservation efforts in the Aegean Sea fall short to reach conservation targets, mainly
because no systematic approaches to conservation planning have been followed, enforcement
of regulations is poor, mo st of -parkseanddhene are
continuous conflicts with the fishing industry and other sectors (Sini et al. 2017, Fraschetti et
al. 2018, Mazaris et al. 2018). The information in this document should help inform key
stakeholders such as the North Aegean MPA management bodies; the South Aegean MPA
management bodies; the Ministry of Environment and Energy; the Ministry of Agriculture i
Directorate General of Fisheries; and the Ministry of Tourism Natural Environment & Climate
Change Agency.

Figure 2: (Left) Sponge aggregation in an Aegean Sea rocky reef. Photo: T. Dailianis (MARISCA);
(Right) The Aegean Sea includes important nesting sites for the vulnerable marine turtle Caretta caretta.
Credit: Stelios Katsanevakis
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Projected impacts of climate change

FutureMARES has made projections of physical and biogeochemical impacts of climate
change in the region including three IPCC scenarios (SSP126, SSP 245 and SSP 585 (for
background see Deliverable Report 2.2). The Aegean Sea, located at the eastern part of the
Mediterranean Basin has already experienced great climatic changes, which are projected to
intensify in the next decades (Giorgi and Lionello 2008). An increase in the frequency, duration
and magnitude of marine heatwaves, the intensification of severe wave and storm surge
events and an increase in sea temperature (Makris et al. 2016), would have major impacts on
the structure and function of ecosystems hosted in this sensitive region.

The Aegean Sea is among the European regions with a very high probability of compound

flooding from precipitation and storm surges under climate change (Bevacqua et al. 2019).

Projected mean sea level rise, coupled with episodic storm events, will aggravate beach

erosion, with devastating impacts on the ability of beaches to support recreation/tourism
(tourism being the 6éheavy industryd of Greece) .
Representative Concentration Pathway (RCP) 4.5 of the Fifth Assessment Report (AR5) of the
Intergovernmental Panel on Climate change (IPCC) i a storm-induced sea level rise of 0.6 m

is projected to result in the complete erosion of 31 to 88% of all beaches in the Aegean

archipelago (Monioudi et al. 2017).

The Aegean Sea is highly impacted by biological invasions with 209 alien species reported
through 2019, of which 149 are considered as established (Katsanevakis et al. 2020). The
Aegean Sea is highly impacted by thermophilic Lessepsian species, initially arriving in the
Levantine and spreading anticlockwise along the eastern Mediterranean coastline. Hence, the
current status in the Levantine Sea is a harbinger of the situation in the Aegean Sea in a few
decades as sea warming continues. Currently, the marked temperature gradient of the Aegean
Sea, is reflected in the degree of impact by invasive Lessepsian species, with the southern
regions heavily impacted and the northern Aegean much less impacted.

Model projections suggest that by the mid-21st century, high levels of species replacement
including the immigration of many coastal fish are likely to pose an additional change in the
community structure of the Aegean (Albouy et al. 2012). More dramatic changes in species
richness are expected by the end of the 21st century from the warming exceeding the thermal
niche of many such species (Albouy et al. 2013 & 2014).

Figure 3: (Left) Algal forests of the Aegean have been largely degraded to rocky barrens due to the combined effect
of invasive herbivores, overfishing and sea temperature growth. Photo: S. Katsanevakis; (Right) Increased coastal
erosion and storm frequency and intensity threaten coastal infrastructure and beaches, as depicted here in Eressos
beach, Lesvos, North Aegean. Credit: O. Andreadis.


https://www.futuremares.eu/_files/ugd/550799_dbf93a29f3b04df39336192822e45d0f.pdf
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These changes in ocean climate would impact the functionality and structure of ecosystems,
further triggering redistribution of biodiversity. However, the magnitude, dimensionality and,
thus, the anticipated impacts of such changes are not expected to be uniform across all marine
areas of the Aegean. Several marine sites distributed across the Aegean could also serve as
climatic refugia offering a shelter for a number of species while others are likely to exhibit a
very limited climatic stability (Kyprioti et al. 2021).

To improve our ability to protect the biodiversity and natural capital of the region, conservation
planning needs to account for climate change. Moreover, ecologically informed strategies have
to consider the spatial properties of the system and species, such as dispersal potential,
population connectivity, and local adaptation.
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Figure 4: Climate projections for the region 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 WGL report:

- present day: 1995-2014
- near future: 2021-2040
- mid future: 2041-2060

- far future: 2080-2099

Credit: Momme Butenschon, Euro-Mediterranean Center on Climate Change.



