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Introduction

SEA-EU alliance

The European University of the Seas (SEA-EU) alliance is an international consortium,
the germ of the Universities in the future. These alliances promote values and the
European identity and are aimed at revolutionising the quality and competitiveness

of higher education in our continent. The alliance is made up of six European
universities: University of Cadiz as coordinator, University of Western Brittany
(Brest, France), Kiel University (Germany), University of Gdańsk (Poland), University
of Split (Croatia), and University of Malta (Malta). It also includes 32 associated
members, which are eight research centres, five companies, five city halls, one
provincial council, six public entities, four NGOs, and three international centres of
excellence.

The alliance’s vision is to establish a clearly international, multi-ethnic, multilingual
and interdisciplinary European University. This vision is based on the high quality and
excellence in education and research to strengthen the links between teaching,
research, innovation, and knowledge transfer. The vision as consortium is the
creation of conditions in which students could move freely and trustingly between
disciplines, languages, countries or industries. Mobility through borders and
academic disciplines will result in a significant change in quality, performance,
attractiveness, and international competitiveness.

The alliance shares an integral long-term strategy for higher education and is
committed to offer outstanding education and research. The SEA-EU consortium is
committed to make concerted efforts to build an inclusive, sustainable and resilient
future for people and the planet, with the vocation for tackling with the sea to which
we are linked. This long-term vision is committed to take on the emblematic role in
the creation of a European Education Space, thus strengthening the European
identity and values and guaranteeing the international competitiveness of education
and research linked to innovation and knowledge transfer. The SEA-EU alliance
actively promotes an enterprising mind-set, supporting green and blue growth, as
well as sustainability.

Sea is the main boost and connection tool of this consortium. SEA-EU promotes the
excellence in research to obtain more knowledge and a better understanding and
management of marine environment. Both human resources and the skills required
to meet current and foreseeable future needs of the evolving marine and maritime
sectors are being developed. Moreover, tools and techniques to measure and to
anticipate the impacts driven by and based on oceans will be provided and
improved. The alliance will both build frameworks for a more effective ocean
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governance and empower societies and communities to achieve the Sustainable
Development Goals for oceans.

All the information about the SEA-EU alliance is available in
https://sea-eu.org/?lang=es.

Webinar on “Global change and its effects on our coasts”

The international Webinar on “Global change and its effects on our coasts” (Fig. 1) is
part of the Dipuactiva Action 3 of the Cadiz Provincial Council and aims at both
analysing the problems which arise from climate change in the Cadiz coastline and
comparing them with the problems existing in other coastal territories that belongs
to the SEA-EU alliance. It was hold online on 23 and 24 September 2021 and divided
into 3 panels. The first one (algal blooms in the context of global change) was
coordinated by Dr Ignacio Hernández, from the Department of Biology of the
University of Cadiz. The second panel (jellyfish blooms in the context of global
change) was coordinated by Dr Laura Prieto, researcher at the Department of
Ecology and Coastal Management of the Institute of Marine Sciences of Andalusia
(ICMAN), which belongs to the Spanish National Research Council (CSIC). The third
and last panel, which was focused on coastal hazards associated with climate
change, was coordinated by Dr Theocharis Plomatiris, from the Department of
Applied Physics of the University of Cadiz. Many researchers from the universities
which are part of the SEA-EU consortium participated in the panels to make a
comparative analysis of the problems mentioned.

At the end of the presentations, whether in Spanish or English, a round table took
place in which all participants pointed out issues for discussion.

The webinar was finished by the reading of the preliminary conclusions, which have
been included at the end of this report after being reviewed and improved.

Figure 1. Poster of the webinar.
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FIRST SESSION

Presentation of the event
Intervention of Mr José María Román Guerrero, First Vice-president of the
Provincial Council of Cadiz, responsible for Coordination and Strategic,
Productive and Social Development.

Mr Vice-president thanks the invitation to participate in the webinar and stresses its
importance, since current issues are discussed. Talking about the province of Cadiz,
whose coastline where two bays meet is 285 km long, as well as about Doñana’s
open spaces and Guadalete river, among others, implies that all causes arising from
climate change is going to affect the province significantly. In fact, in the bay of
Cadiz, if the maximum high tide increases 15 cm, salt marshes and estuaries in the
Natural Park will be flood, so considering the effects of sea level rise is crucial. He also
thanks the team of the University of Cadiz for their interest in studying the
biodiversity of the province, where there are many ecosystems: two bays, two water
bodies, rich geodiversity, etc. This natural heritage provides the province of Cadiz
with both a tourist potential and development possibilities related to this activity
that should be sustainably managed, thus increasing and keeping life quality. He
finishes by both thanking organisers and mentioning that this line of work will be
continued to promote training and recovery talent in the province.

Intervention of Mr Fidel Echevarría, Professor of the University of Cadiz and
General Coordinator of the SEA-EU alliance (European University of the Seas) on
behalf of the Rector of the University of Cadiz.

Mr Echevarría thanks the Cadiz Provincial Council for collaborating and encouraging
the webinar. He stresses the four Actions being developed in collaboration with the
Cadiz Provincial Council and mentions that the goal of the webinar is both to present
in Cadiz the problems related to the three panels and to compare these problems
with those in the other Universities that are part of the SEA-EU consortium.
Participating in SEA-EU as a firm commitment of the European Union is an honour
for the University of Cadiz. The European University of the Seas aims at creating a
sort of “supercampus” made up of six headquarters to promote combined degree
programmes and the mobility of teaching staff, students, and Administration and
Service staff, as well as to implement transfer actions for society.

After watching an institutional and advertising video about what the European
University of the Seas’ project implies, the webinar starts.
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Introduction of the Webinar: general framework

Dr Ignacio Hernández. Ecology Division, Department of Biology. University of Cadiz.

Global change could be defined as the cluster of interferences (or causes) and
disturbances (or impacts) on a planet scale, resulting from the anthropogenic
activities that affect the processes determining the balance of the Earth as system.
On the one hand, causes include the increase in population, surface consumption on
the coast, the increase in exosomatic energy, and pollution. On the other hand,
impacts include eutrophication, biodiversity loss, climate change, and sea level rise.

Another important definition to understand the relevance of the webinar is that of
ecological services, which refer to the direct and indirect benefits that ecosystems
(in this case, coastal ecosystems) give to the human being. These services could be
mainly divided into three: provision (for instance, fishery, shellfishes or macroalgae
as food resources), regulation (for instance, blue carbon sequestration by marine
angiosperms, protection of coastal erosion or habitat formation to house young
stages of fishes), and culture (for instance, the enjoyment of a walk on the beach, or
the landscape or historical value of the coastline).

According to the Millennium Ecosystem Assessment, these ecological services are
currently threatened in coastal ecosystems (Dayton et al. 2005) by activities such as
the over-exploitation of resources, trawling or unsustainable coastal urbanization.

Three interesting issues on coastal systems are discussed in detail: algal and invasive
alien macroalgae blooms, jellyfish blooms, and coastal hazards. The goal is both to
present the current situation of the coasts of Cadiz and to make a comparative
analysis among the other 5 universities that are part of the SEA-EU consortium.

As for algal blooms, run-off waters from agriculture, badly-treated household
wastewaters or nutrients from aquatic facilities could increase concentrations of
nitrogen and phosphorus in coastal waters and imply the explosive increase in algae
on the coast, algae that are oxidized after sedimentation, thus leading to hypoxia
episodes and in turn fish deaths (Fig. 2). These eutrophication episodes are a global
threat, and they take place in many coasts of the European continent (Malone and
Newton 2020).
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Figure 2. Functional relationships between hydrology, human inputs through human sources,
eutrophication, algal blooms, and hypoxia in estuaries and coastal ecosystems. Taken from

Paerl (2006).

As for invasive alien macroalgae blooms, maritime traffic and aquaculture are
those activities most contributing to the emergence of new invasive alien species on
the coast (Molnar et al. 2008). Rugulopteryx okamurae has recently emerged in the
province of Cadiz. This brown macroalga was first seen in 2015 and since then most
coasts in the Strait of Gibraltar has been colonized by them (García-Gómez et al.
2020). This specie is implying massive blooms on the coasts (Fig. 3), as well as many
headlines in the press due to their huge impact on both the cultural services in the
Cadiz coastline and the economic cost related to their management.

Figure 3. Massive Rugulopteryx okamurae Bloom on the coasts of Cape Trafaltar in June, 2021.
Photograph taken by Ignacio Hernández.
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Human activities are also related to jellyfish blooms (Fig. 4): overfishing, habitat
modification, maritime transport, eutrophication, and climate change. The press
pays more attention to these blooms in summer, implying headlines and
photographs about the species found. The most significant aspect is again the loss
of ecological services, such as the effects caused on the recreational use of beaches.
In this regard, the sentence said by the Frankish-Canadian researcher Daniel Pauly,
who was invested Doctor Honoris Causa by the University of Cadiz, is remarkable. He
asserts as bad omen that “if we do not act in a proactive and integrated way to stop
these jellyfish blooms, my children will tell my grandchildren `eat the jellyfishes!´”

Finally, the last report on climate change dating on August 2021 and written by the
intergovernmental group of experts (IPPC 2021), “Climate Change 2021: The Physical
Science Basis”, should be mentioned to discuss coastal hazards. It asserts that “sea
level will continuously increase in coastal areas throughout this century, thus
contributing to both coastal erosion and more frequent and serious coastal
flooding in low-lying areas. By the end of this century, those extreme phenomena
related to the sea level and produced in the past once every 100 years could take
place annually”. This report, largely discussed by the press, is complemented by an
interactive atlas that shows predictions by regions. It is available in
https://interactive-atlas.ipcc.ch/. For the Mediterranean, SSP5-8.5 (a scenario whose
trajectory is based on very high GHG emissions, relating to the baseline between
1995 and 2004) predicts an average sea level rise around 10 cm from now to 2040,
with an interquartile range (P25-P75) between 10 and 20 cm. However, this average
increase is similar to that produce under SSP2-4.5 (intermediate emissions scenario).

Figure 4. Representation of the possible mechanisms promoting jellyfish blooms. A)
Summary of the impacts from habitat modification, translocation, and overfishing. B)

Summary of the impacts from eutrophication and climate change. Taken from Richardson et
al. (2009).
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Panel 1. Algal blooms in the context of global
change

Perspectives in the coastline of Cadiz

Algal blooms in the coastline of Cadiz

Prof Dr María Altamirano. Department of Plant Biology. University of Malaga.

Invasive alien species are very known in the terrestrial world, in both the animal
kingdom (e.g. the red palm weevil and the monk parakeet) and the plant kingdom
(e.g. Carpobrotus edulis); however, there are also some of them in the marine
environment. This problem does not know borders, since there are invasive species
in almost all waters of the planet. Moreover, there are hotspots through which
allochthonous species are introduced, for instance, the Mediterranean Sea with its
two entries: the Strait of Gibraltar and the Suez Channel. In fact, there are today more
than 1,000 marine alien species in this sea, from which more than 200 are
macroalgae.

At a global level, there are huge motorways in ocean masses that are used by big
boats and link various points of the coast. Organisms travel in these boats as cops. In
the marine environment there are several vectors transporting invasive potentials.

In order of importance, ballast waters should be first mentioned. Ballast waters are
used by big boats to maintain buoyancy. It is estimated that today around 2 million
tons of these waters are annually moved. There is a convention to control them that
will be mandatory from 2024 for signatory States, aimed at stopping bioinvasions in
the marine environment.

Other significant vectors are biofouling on boats, fishkeeping activities or marine
cultivations. Some of these introductions have been deliberated for commercial
purposes, although most of them have taken place unintentionally.

Concerns on macroalgal invasions are mainly based on the possible ecological and
economic impacts. These invasions represent between 10 and 40% of the alien
components in the marine environment. Furthermore, macroalgae are structural
species that could significantly change the structure and function of an ecosystem.
The macroalgal invasion is adjusted to the rule developed by Williamson (1996),
which is based on the fact that one out of 10 species transported by the various
vectors will end up in the environment and become a specie introduced in a new
ecosystem far from its original place. One-tenth of these species will stay in the
environment to become a naturalized species, and one-tenth will become a new
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invasive species. This rule should be reevaluated in the current context of climate
change because the occurrence of biological invasions is being accelerated.

Another problem arising from invasions in the marine environment, and those
related in particular to macroalgae, is that people in general hardly see the species,
so the alarm is usually raised when it is too late. Moreover, the identification of
species is a complex task, requiring the participation of taxonomies, which is not
always possible.

An additional problem of the macroalgae introduced is the high number of cryptic
species, i.e. species very similar to the indigenous ones, so they are unnoticed. An
example is Rugulopteryx okamurae, a macroalga of the genus Dictyota which is very
difficult to distinguish from indigenous species. Finally, there are many cryptogenic
species whose origins are unknown.

Spain is a pioneering country regarding the regulation on invasive alien species.
Their management is included in the Royal Decree 630/2013, of August 2 (Official

Gazette 2013), which regulates the Spanish Catalogue of Invasive Alien Species. This
Royal Decree has been changed twice. Today the catalogue includes seven species
of red algae: Acrothamnion preissii, Asparagopsis armata, Asparagopsis taxiformis,
Gracilaria vermiculophylla, Grateloupia turuturu, Lophocladia lallemandii, and
Womersleyella setacea; three species of green algae: Caulerpa racemosa, Caulerpa
taxifolia, and Codium fragile; and four species of brown algae: Sargassum muticum,
Stypopodium schimperi (only in the Canary Islands), Udaria pinnatifida and, since
December 2020, Rugulopteryx okamurae (Fig. 5)

Figure 5. Macroalgal species included in the Royal Decree 630/2013. From left to right, and
from top to bottom: Acrothamnion preissii, Asparagopsis armata, Asparagopsis taxiformis,
Gracilaria vermiculophylla, Grateloupia turuturu, Lophocladia lallemandii, Womersleyella
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setacea, Caulerpa racemosa, Caulerpa taxifolia, Codium fragile, Sargassum muticum,
Stypopodium schimperi, Udaria pinnatifid, and Rugulopteryx okamurae.

The chronology of invasive alien species in the province of Cadiz shows that
Asparagopsis armata was first quoted in 1928 (published in 1942 by Feldmann and
well described by Seoane-Camba in 1965), a species already considered as a
naturalized species. Asparagopsis taxiformis was first quoted in 2005 (Altamirano et
al. 2008). Codium fragile subsp. fragile was described for the Cadiz coastline in 2009
(Bermejo et al. 2010), although it is not an invasive species on our coasts. Sargassum
muticum was first described as thrown material in Cadiz in 2009 (Altamirano 2009),
and the first populations settled in the bay of Cadiz were described three years later
(Bermejo et al. 2012), populations which were aimed to be eradicated by the
Environment Department of the Regional Government of Andalusia. Gracilaria
vermiculophylla was described in 2011 by Barbara et al. (2012), but today it is not an
active invasive species. Caulerpa cilindracea was first quoted in Cadiz in 2014
(Altamirano et al. 2014), a species significantly distributed in the Strait that affects
very sensitive benthic habitats. Finally, Rugulopteryx okamurae was first described
in the region of the Strait of Gibraltar in 2016 (Altamirano et al. 2016). This accelerated
chronology means an increase in invasive alien species during the 21st century, and
three of them have a highly marked invasive character. This leads to think that we
are in an ecological event based on continuous invasions.

Worth of special mention is Ruguloptery okamurae). This species’ habitat of origin
are the Asian coasts of the northern Pacific: China, Korea, Japan, Taiwan, and the
Philippines. This species live in these seas with indigenous brown algae, such as
Ecklonia cava. It can also be found in French waters: it was quoted at the beginning
of this century in the Thau lagoon, on the Mediterranean coasts of France (Verlaque
et al. 2002), where it is not invasive. Today, apart from the region of the Strait, it has
been quoated on the coasts of Marseilles and in the Azores Islands. The invasion
began in 2015 in Ceuta, a city where massive blooms of this species were reported. At
first, they were mixed up with species of the genus Dictyota. Afterwards, these
blooms took place on the coasts of the Peninsula (La Línea de la Concepción),
reaching today Almería.

The possible vector responsible for this introduction are ballast waters, although, as
mentioned above, there are other secondary vectors that should be managed to
avoid new introductions. Rugulopteryx okamurae is a clear example of cryptic
invasion, since this species looks like other indigenous brown algae of the genera
Taonia and Dictyota, even more in their natural habitat under water. Thus, it is
possible that this species has already been on the coasts of the Strait for years;
however, it has been identified when the species have massively appeared. On the
other hand, this is a very polymorph species that shows several seasonal
morphotypes and varies according to climate conditions.
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Finally, R. okamurae presents two characteristics that turn it into a true invasive
bomb: its capacity to produce numerous vegetative blooms as a way of sexual
reproduction and the great asexual monospore production. Today it is unknown
whether this species has been capable of completing its life cycle, including sexual
reproduction, on the coasts of the Strait.

As for ecological and economic impacts caused on the Cadiz coastline, many
pieces of news have been published by the local press. In fact, this is the first invasive
macroalgae that have appeared on TV as they are of mediatic interest. The reason is
that they affect two significant economic industries within the local economy:
fishing industry and tourism industry.

Regarding the fishing industry, many pieces of information on both the damage to
boats due to the weight of seaweed biomass that has been “caught” or the negative
effect on the fishing grounds of the Costa del Sol have been published by the media.
The economic effects on this industry were valued in 2019 in the risk analysis to
include this species in the Spanish Catalogue of Invasive Alien Species. Capture data
were compared with those from the previous year. This analysis showed losses
between 20 and 48% of the species captures, such as prawns, octopus, sole,
gilt-head, plaice, sea bass, cuttlefish, horse mackerel, red mullet, sea bream or hake.
Moreover, economic losses from damages in fishing methods, such as gillnetting,
longline fishing or seine fishing, were quantified, arts that were thrown away or
repair on numerous occasions, implying the respective losses of fisher wages (Fig. 6).
The economic impact on the industry was around 1.2 million euros per year. However,
this value is underestimated as it does not include all the fishermen’s associations of
the area; some boats move to other close fishing grounds because there were no
fish in their usual fishing grounds, so this aspect should have been considered. For
this reason, the economic impact should be reevaluated, including other
associations today affected by the increase in the species in the distribution area.

Figure 6. Example of the damages caused in the fishing methods due to R. okamurae blooms
in the water column. Source: FACOPE and F. Fernández.
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As for tourism industry, in addition to the impacts on recreational services and the
deterrent effect that the huge biomass in the sand and water causes on users, the
economic impact from beach cleaning should be considered. Council halls have
financed budget items, most of them unexpected, to clean and remove biomass,
even by using heavy machinery. The study conducted in 2019 estimated that the
annual amount of biomass removed was 11.000 tons, with a cost of around a half
million euros. To have an idea of the economic impact taken place in this year, the
cleaning and maintenance of the 750 m of beaches in Algeciras was put out by the
Port Authority of the Algeciras Harbour to tender, implying a cost of 95 euros per
metre and year.

However, the major ecological impacts should also be considered:

- Invasion implies a clear homogenisation of marine ecosystems. A coverage of the
species between 80 and 100% have been observed from the surface to 20 m depth.
The consequences of this homogenisation are more serious when the species settles
in protected marine spaces.

- The species shows an extraordinary competitive capacity in benthic communities
of indigenous and even invasive species. In fact, they have reduced or even removed
protected species populations or habitats, such as macroalgae (e.g. Laminaria
ochroleuca, from Cystoseira communities), Posidonia oceanica beds, coral beds (e.g.
Astroides calycularis), gorgonian communities (e.g. Eunicella spp.) or molluscs (e.g.
Patella ferruginea).

- The invasion generates a major amount of semi-submerged roving biomass,
blooms that are collected by fishing methods, thus implying an economic damage.
The thicknesses of free biomass exceed a half metre height in the offshore shoal,
thus literally drowning intertidal communities.

The favourability model of the possible distribution of R. okamurae, considering the
current distribution of this species, has been assessed by Muñoz et al. (2019). The
model (Fig. 7) shows that this species could easily appear in many coastal areas in
both the Mediterranean and the Gulf of Cadiz. Moreover, this model pointed out that
the Azores Islands are an entry hotspot for species, a fact that has recently taken
place, as well as the low favourability area in the Thau lagoon, on the French coast.
For this reason, distribution predictive models are an effective tool to anticipate the
movements of species. These models are also very useful as early detection systems
to prevent environmental and socioeconomic effects.
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Figure 7. Environmental favourability model for Rugulopteryx okamurae in the Mediterranean
Sea and on the coasts of Europe. Taken from Muñoz et al. (2019).

Today, the study conducted at the University of Malaga focuses on both identifying
time-space windows of vulnerability in contrast to the invasion of R. okamurae in
protected marine areas and transferring the information on this effective
management tool to the various actors involved in management.

Compared perspective in the SEA-EU Universities

Macroalgal blooms in the Gulf of Gdańsk

Dr Ilona Zloch. Division of Marine Biology. Institute of Oceanography. University of
Gdańsk.

Many papers have shown that not just macroalgae, but some angiosperms such as
corals or some highly toxic cyanobacteria could proliferate on the coastline. The bay
of Puck, in the Gulf of Gdańsk, presents some appropriate conditions for the
development of the benthic flora. Due to the salinity of the Gulf, this flora includes
euryhaline marine species of both brackish waters or fresh water. The most usual
taxons are Ceramium diaphanum, Chara baltica, Chara papillosa, Cladophora
glomerata, Vertebrata fucoides, Stuckenia pectinata, Ulva intestinalis, and
Zannichellia palustris. Moreover, recent observations have shown the reconstruction
of communities of the rhodophyta Furcellaria lumbricalis, the Phaeophyceae Fucus
vesiculosus or the phanerogam Zostera marina.

Since the 1970s, environmental conditions in the Gulf of Gdańsk have improved. The
communities in this area were strongly affected by both the overexploitation of its
natural resources and the eutrophication, thus significantly developing filamentous

15



brown algae that belong to the family of Ectocarpales. The bay of Puck is included in
the Natura 2000 Network and, despite the reduction of human pressures and
environmental improvements (e.g. the treatment of wastewaters), there are
activities, such as dredging and those related to tourism, that put vegetated beds in
danger.

The species that strongly cause macroalgal blooms in the Gulf of Gdańsk include
green seaweeds (Ulva intestinalis, Cladophora glomerata, Chaetomorpha linum,
Spyrogyra sp.), as well as brown (Ectocarpus siliculosus, Pylaiella littoralis), and red
seaweeds (Ceramium sp., Vertebrata fucoides) and cyanobacteria, (Lyngbya sp.,
Oscillatoria sp., Rivularia atra, Gleotrichia natans, Spirulina subsalsa), some of them
highly toxic. The bloom of some Charophyta (Chara sp.) has positive effects due to
the capacity of precipitating phosphorus, so they are used as indicators of the good
water quality. These blooms are caused by the interaction of several factors, such as
adding nutrients which results in eutrophication, the ecological changes related to
the extinction of sensitive species which results in the regression of ecosystems, or
industrialisation. The impacts of these blooms are well-known and similar to those
described on the Cadiz coastline.

An interesting question is if algal blooms always imply something negative as,
depending on the species causing them, some studies have shown that they
increase the complexity of the habitat, provide food to tolerant herbivore species,
increase the production or, paradoxically, reduce eutrophication by including
nutrients, thus contributing to populations of marine phanerogams.

Several highly promising and partial applicable possibilities about the way of
managing algal blooms in the Gulf of Gdańsk have been presented: using them to
produce biogas or fertilizers. However, there are many technological limitations to
achieve an economically effective solution.

Opto-acoustic remote sensing of seagrass meadows in the Baltic
Sea

Dr Jens Schneider von Deimling. Geophysics and Hydroacoustic Division. Kiel
University.

In the land environment, researchers and environmental managers should adopt
decisions based on a wide and robust database from a remote control. It is crucial to
see marine vegetation with these remote controls, mainly based on satellite images.
However, these maps or procedures are usually unavailable in the marine
environment. For this reason, research and development are important to have
information about the maps of marine vegetation in depths. Traditional methods
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based on the use of optical cameras and LIDAR (Laser Imaging Detection and
Ranging) or sonar systems are limited.

To solve this problem and thanks to the BONUS-ECOMAP European project
(www.bonus-ecomap.eu), the most sensitive control method has been found to
understand the physics of the interaction between sensors of benthic habitat by
using and developing the most current technology (Fig. 8). Research has been
focused on some key habitats, such as reefs, sandbanks or marine angiosperm
meadows, many of which are today in decline in Europe (De los Santos et al. 2019).

Figure 8. Interaction between sensors to map the vegetation in benthic habitats. Source:
ECOMAP.

The ECOMAP project is using sophisticated methodologies, data analysis
techniques, and computer code implementation to develop the goals predicted,
including case studies in marine habitats in the Baltic Sea in which artificial
intelligence techniques are used signal processing and habitat assessment. Some
countries, such as Spain, Israel or Canada, have asked for the technology developed
to map marine habitats with multibeam echosounders. The knowledge acquired has
been useful to carry out new projects focused on both obtaining accurate maps in
vegetated marine ecosystems or identifying possible variables causing stress in
vegetation. The next goals will be the assessment of the methodology outside the
Baltic Sea, in Posidonia meadows or in kelp forests.

Non-indigenous macroalgal blooms in Maltese waters

Dr Julian Evans. Department of Biology. University of Malta.

Maltese Islands form a small archipelago in the middle of the Mediterranean,
between Sicily and Tunisia. Malta is very close to the major biogeographical barrier
between the west and the east of the Mediterranean (Bianchi and Morri 2000). Given
this central position, the coasts of Malta are a strategic place to monitor the
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movement of allochthonous species from the Suez Channel to the west or from the
Strait of Gibraltar to the east.

The current number of allochthonous marine species found on the coasts of Malta is
close to 100, from which 10% are macroalgae. However, if the alien species
established are considered, the percentage is around 20%. As for invasive alien
species, the percentage reaches 45%. In fact, four out of ten species of allochthonous
macroalgae seen on the coasts of Malta are considered invasive. For this reason,
macroalgal blooms should be included when assessing the impacts of invasive
species in Malta.

Great research efforts have been made to identify alien species. These species were
seen at the end of the 20th century, so it implies that some of them were already in
the area. The most possible ways of introduction have been the secondary
dispersion, i.e. from other introductions in the Mediterranean, or the distribution
facilitated by maritime transport.

The invasive species introduced on the coasts of Malta are: Lophocladia lallemandii,
of Lessepsian invasion, identified on these coasts in 1994. This species usually grows
as epiphyte and, although it could significantly affect Posidonia oceanica meadows,
its impacts have not been widely studied in Malta. L. lallemandii competes for the
space against indigenous species and for now there are no massive blooms.

Womersleyella setacea is another species identified in 1994. There is a great
abundance of this species on maerl beds, thus implying a regression of these
circalittoral ecosystems dominated by rhodoliths. The next species is Caulerpa
cilindracea, found in Malta in 1997. This species favourably competes for the space in
rocky beds and is able to modify the community of the invertebrate fauna related.
The distribution of this species has been strongly reduced in the last fifteen years,
and the reasons could be both the reduction of nutrient concentration and the
water quality improvement in the places before the invasion (Barbara and Borg
2013). The last species introduced in Malta has been Caulerpa taxifolia var.
distichophylla, found in 2014 and widely distributed on the islands until 40 m depths,
in rocky and mixed beds (Ellul et al. 2019). The species shows the maximum biomass
in the summer months, maybe due to both the greater temperature of waters and
the drastic reduction of the abundance in winter, thus conditioning the fact that it is
not the dominant species or that it monopolises invaded beds. However, as water
warming is taking place in the central Mediterranean (Bianchi et al. 2011), the
ecological impact of this species on Maltese waters is expected to increase in the
next years.
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Marine introduced seaweeds in Brittany (France) to face global
change: from ecological and metabolomic monitoring to
biotechnological applications.

Dr Valerie Stige-Pouvreau. Laboratory of Environmental Marine Science (LEMAR).
University of Western Brittany.

As is generally known, biological invasions are among the consequences of global
change. It is estimated that there are 800 species introduced in European marine
waters (Tslamis et al. 2019), from which 200 are on the coasts of France. A total of 23
species of introduced marine algae are known in Brittany (Stiger-Pouvreau and
Thouzeau 2015, Baffreau et al. 2018): one green alga (Codium fragile), three brown
algae (Colpomenia peregrina, Undaria pinnatifida and Sargassum muticum), and
the remaining are red.

An issue to be considered could be the way of understanding the success of invasive
marine macroalgal species. The experiments performed in Brittany show that some
invasive species, such as Sargassum muticum persist in the ecosystem and have a
seasonal behaviour after the expansion phase. However, the abundance of other
species, such as Grateloupia turuturu, is strongly reduced after such phase. After
comparing indigenous with invasive species, it has been concluded that invasive
species have a greater plasticity regarding their phenology or synthesized
metabolites, so they take advantage of this aspect to develop their populations
under unfavourable conditions in which indigenous species are weaker (Le Lann et
al. 2012, Lalegerie 2020). For this reason, invasive species related to global change
are expected to increase. One of the consequences of this change is the increase in
ultraviolet radiation. This increase in the exposure time also increases the synthesis
and concentration of phenolic molecules in macroalgae. This has been proved by
experiments using S. muticum (Tanniou et al. 2014), in both field studies and
laboratories under controlled conditions.

A very important aspect to control invasive species is environmental control. This
monitoring allows the distribution and the abundance of invasive species to be early
identified for their management. It is true that they could develop eradication
campaigns, but we could also learn to live together with these species to take
advantage of some of their production services (Simberloff 2018), particularly when
eradication in the marine environment is impossible. Thus, for example, it is known
that invasive macroalgae synthesize antioxidant substances under stress
conditions. These natural antioxidant molecules could be very beneficial for
agri-food industry or human health (Zubia et al. 2009, Surget el al. 2015).
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Round table
The reduction of glooms of both Caulerpa cilindracea and Caulerpa taxifolia on the
coasts of Malta was addressed in the round table. In particular, it was asked whether
there is an acceleration of invasions in recent years. According to Dr Evans, it is an
acceleration considering all species, not just macroalgae. However, it seems that this
is not the case, although it should be considered that greater prospective efforts
could present new populations of alien macroalgae not detected until now. Dr
Altamirano and Dr Evans agree in the fact that, after the invasive species is
established, its abundance could be decreased, but it is already integrated in the
marine community.

As for the legislation on invasive species, there is a question based on whether there
are laws similar to the Spanish one in other SEA-EU territories and if there are cases
of dramatic losses of cultural services such as that observed in the species
Rugulopteryx okamurae. In general, other countries apply the Marine Strategy
Framework Directive (which includes a specific criterion on invasive alien species),
ballast waters or marine cultivations, as the case of France with cultivations of the
alien species Undaria pinnatifida. In Malta there is a blacklist of invasive species, but
even with this directive, controlling marine invasive species is very complex given
their movement capacity. In this country, cultural services are not affected by a
macroalga. In France, there are impacts on cultural services because of Sargassum
muticum, a species that causes problems for shipping or oyster cultivations. The
solution has been based on valuing the species according to the cost of eradication
programmes.

Finally, the use of invasive species was discussed. The Spanish regulation is very
restrictive because of the risk that law contributes to the possibility of releasing an
alien species in the environment and being benefit from its collection. The situation
is quite different in France, where these species are used for cosmetics. Dr
Altamirtano declares that Spain needs the permission of authorities to collect
invasive macroalgae for research, and they could only be collected if the collection
takes place within the management and control strategy framework. In this regard,
today there are many biotechnological initiatives to take advantage of the biomass
of Rugulopteryx okamurae. However, managing today the way of benefiting from
the macroalga is something of a challenge as there are industries, such as the
fishing one, that have suffered from economic losses due to this species. Dr
Altamirano suggests that the benefit from exploitation should in some way revert to
the industries affected, not just to private benefit. She also suggests distinguishing
between indigenous and invasive algal blooms for their use and stresses the need for
emphasizing the control of introduction vectors because, in terms of ecosystem
services, what is lost with an invasion is greater than what is won. The legislation in

20



Europe should be more restrictive because, for instance, today there are no species
of invasive macroalgae in red lists. Dr Stiger-Pouvreau mentions a very interesting
datum: in Brittany, indigenous Ulvaceae blooms were used for a long time, instead of
allowing this organic matter to be degradated. This tradition of using the value of
populations has been kept for alien species, such as Sargassum muticum, and this
could be the reason why the legislation is not so restrictive as the Spanish one
regarding its use and collection.
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Panel 2. Jellyfish blooms in the context of global
change

Perspectives in the coastline of Cadiz

Jellyfish blooms in the coasts of the province of Cadiz

Dr Laura Prieto. Department of Ecology and Coastal Management. Institute of
Marine Sciences of Andalusia (ICMAN-CSIC).

Jellyfishes: biological description and variability scales related to their life cycle

Jellyfishes are at various trophic levels depending on their life cycle. They could be
included in the predatory zooplankton, but they move among trophic levels of the
zooplankton, from lower to upper levels in which they are eaten by pelagic fish
species.

Jellyfishes broadly include the species made up mainly of water (Fig. 9): phylum
Ctenophora (populations of this species are constantly in the bay of Cadiz), phylum
Cnidaria, Hydrozoa classes (including the Portuguese man o' war or Physalia
physalis), Anthozoa (which does not form glooms), Box jellyfish (such as Carybdea
marsupialis, on the coasts of Cadiz), and Scyphozoa, including the jellyfishes with
umbrella and tentacles, such as Pelagia noctiluca, in the Strait of Gibraltar, or
Rhizostoma luteum, found in Cadiz in 2012 (Prieto et al. 2013) and used by several
research studies in the facilities of the Institute of Marine Sciences of Andalusia
(ICMAN).
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Figure 9. Some general species of jellyfishes mentioned in the seminar. From left to right, and
from top to bottom: Mnemiopsis leidyi (Ctenophora), Physalia physalis (Cnidaria, Hydrozoa),

Carybdea marsupialis (Cnidaria, Box jellyfish), Rhizostoma luteum (Cnidaria, Scyphozoa), and
Cotylorhyza tuberculata (Cnidaria, Scyphozoa).

Jellyfishes of the Cnidaria class have common biological characteristics: they have
stinging organelles, known as cnidocytes, and most of them are marine species that
grow in all oceans around the planet, both in surface and deep waters. In particular,
the size of the species that belong to the Scyphozoa class widely varies (from 12 mm
to 2 m), they do not have organs for breathing or excreting and, in general, they
alternate their life cycle between a pelagic and a benthic phase (Fig. 10). These
species have possibilities of sexual and asexual reproduction.

Figure 10. Scheme of a Scyphozoa jellyfish’s life cycle. Taken from Schiariti et al. 2008.
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The species of the family Physaliidae (class Hydrozoa) are not formed by one
individual, but by members of the pleuston (i.e. on the surface of the water column)
that live in the open ocean, although they have sometimes reached the coasts of
Cadiz. These species, such as Physalia physalis, present a floating individual (the
so-called pneumatophore) and long tentacles with three types of polyps and
medusozoids: gastrozoids, specialised in food; dactylozodes, specialised in defence;
and gonozoids, specialised in reproduction. This species presents sexual
reproduction with external fertilization and produces a strong poison (Physalia toxin),
which is capable of dissolving the erythrocytes in the bloodstream.

Regarding the way of studying jellyfishes at different time-space scales, we should
remind that these scales vary from seconds to centuries (time) and from millimetres
to thousands of kilometres (space). These approaches, whether at organism or
ecosystem levels, will allow predictive models on future scenarios to be addressed.
For instance, to predict scenarios in a framework of global change, scales of tens of
years and kilometres should be used.

Dynamics of jellyfishes and climate change

Many changes related to global change are expected in ecosystems, such as
changes in the ocean circulation or ocean acidification. The most important changes
related to jellyfishes are related to changes in the dominant group of the
zooplankton. As Richardson et al. (2009) has shown, there are speculations on which
human impacts (e.g. climate change, eutrophication) are threatening to take marine
ecosystems back to the Cambrian period, 550 million years ago, when the trophic
network was very simple and jellyfishes were the most important predators at the
upper trophic levels. Some authors, however, threw doubt on the increase in the
gelatinous zooplankton in the oceans around the planet (Condon et al. 2012).

The consequences of jellyfish blooms in ecosystem goods and services include the
negative effects on tourism industry, impacts on biodiversity and fisheries, in
particular, not just due to the changes in the trophic network, but due to the
damages in the fishing networks, similarly to that observed with algal blooms. These
blooms could also affect the industrial sector, for instance, by collapsing cooling
water intakes.

Jellyfish blooms significantly change the destination of the carbon breathed in the
water column; this is known as jelly carbon shunt (Condon et al. 2011). According to
this hypothesis, the increase in the influence of jellyfishes and microbial routes on
current global change conditions is exaggerated by the carbon shunt towards the
abundant jellyfish biomass instead of towards the upper trophic levels
(ichthyofauna), the conversion of this carbon to jellyfish biomass, the resulting
release of excreted carbon, and finally, the metabolisation of this carbon by bacteria.
For instance, in the Black Sea, many important changes have been described in the
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community after the blooms of Mnemiopsis leidyi (Phylum Ctenophora), thus
strongly reducing anchovy captures.

The number of papers on jellyfishes have been strongly increased from the mid of
the 20th century, in both scientific journals and the press. However, this fact is
differently seen in both the scientific field and mass media when papers on
jellyfishes are normalised among the set of papers on the pelagic environment:
while this normalised value is constant over time in the scientific filed, the values of
this ratio are significantly increased in the media (press, etc.) (Condon et al. 2012).
This fact implies a biased perception of a temporary importance of jellyfish blooms
in population.

Initiatives and jellyfish bloom management on the coast

Although the global increase in jellyfish blooms is questioned, there are global

initiatives to monitor and control them. Jellywatch (http://www.jellywatch.org) is a
global initiative created by the aquarium of the bay of Monterey (California). Jellyfish
sightings can be included in this website, as well as asking for data. In 2015,
PERSEUS, an international workshop focused on management, was held in Cadiz
with 40 participants (Fig. 11). At a local level, there are other initiatives within the “Sea
watchers” network (http://www.observadoresdelmar.es/projecte-3-que-pots-fer-tu.
php) , and finally, in Andalusia, there is an environmental information network
(Rediam) that includes maps of jellyfish sightings.

Figure 11. Poster of the workshop on jellyfishes held in Cadiz in 2015.
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Applied cases and importance of the cooperation between actors

This section focuses on three cases: the observation system of the Balearic Islands,
the bloom of Physalia physalis observed in Cadiz in 2010, and the social impact on a
coastal lagoon for decades.

a) The observation system of the Balearic Islands. This system was originated
from the fact that there were many historic data and capacities to create an
observation network, although the information suffered from the lack of a
systematic treatment. However, data allowed the year-on-year variability of jellyfish
episodes to be compared with the variability of the environmental conditions. The
system was created in 2014 as both a true bidirectional cooperation between
scientists and actors to establish protocols and a systematic, periodic and ordinary
monitoring tool. The system has been implemented in the Protected Marine Areas
network of the archipelago and operates with the help of both small boats to collect
jellyfishes and lifeguards on the beaches. The system has an observation map
(“Grumers”) and runs both oceanographic campaigns and citizen science activities.
In 2019, a seminar was held in Cadiz with those responsible for marine environment
management in Andalusia. Moreover, experts of the Balearic system also
participated to implement a similar system in our region.

b) The bloom of Physalia physalis observed in Cadiz in 2010. Both the high
presence of this hydrozoa, with very important records in the Gulf of Cadiz and in
most part of the Iberian Peninsula (Prieto et al. 2015), and the social alarm originated
by a sting on the coasts of Italy arose the question whether the Portuguese man o'
war bloom in the Mediterranean Sea in 2010 could be a permanent invasion. The
analysis of hydrodynamic models in the southern of the Iberian Peninsula (Prieto et
al. 2015) concluded that this bloom was due to both the ocean circulation and a
strong component of west winds in the period 2009-2010, much greater than the
average values. The outputs of the model showed a high correlation between
predictions and observations of P. physalis in this geographic area. This study has
been the basis to analyse the risk of P. physalis blooms in other areas of the
Mediterranean (Macías et al. 2021). The hydrodynamic model was calibrated with the
observations from 2010 and 2013, was validated with data from 2018, and today is
useful to advice managers across Europe (the tool can be downloaded in the
European Commission’s website) when adopting control measures according to
high, medium or low risk situations.

c) The social impact on a coastal lagoon for decades. This case refers to the
blooms of the Cotylorhiza tuberculata species observed in the Mar Menor. Many
laboratory experiments took place in this coastal lagoon, and data obtained during
on-the-ground research for 22 years were analysed. The results showed that

d)
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temperature is the most significant variable to control blooms, with a high mortality
of polyps when the average water temperature in winter does not exceed 10 ºC and
spring is early (Prieto et al. 2010). The results were useful to implement a dynamic
population model that was rigorously adjusted to the biomasses of this species
observed in various years (Ruiz et al. 2012).

To conclude, jellyfish blooms widely impact at social, economic and ecological levels.
Observing, sampling, cultivating and preserving species are something of a
challenge, so new technologies based on both citizen science and systematic and
rigorous monitoring systems are required to monitor the species. Nonetheless, the
cooperation with the actors involved must be compulsory.

Compared perspective in the SEA-EU Universities

The massive outbreaks of jellies in the Eastern Adriatic Sea:
causes,
consequences and perspectives

Dr Olja Vidjak. Institute of Oceanography and Fishery. University of Split.

The Adriatic Sea can be divided into three parts based on its average depth: the
northern part, with depths up to 50 m and characterized by both a lower salinity due
to the contributions of the Po river and a high content of nutrients; the medium part,
with depths up to 100 m; and the south part, with depths reaching more than 200 m.
Jellyfish glooms are important in the most northern part in particular. The impacts
of blooms are similar to those in other areas, especially in tourism and fishery, two
important industries in Croatia.

The jellyfishes of the eastern part of the Adriatic Sea have a high and unknown
biodiversity, despite the fact that some species, such as Pelagia noctiluca, are known
since the beginning of the 20th century. Its knowledge baseline has been recently
established (Pestoric et al. 2021). Most especies (e.g. Rhizostoma pulmo, Chrysaora
hysoscella) show seasonal cycles, and some species such as Pelagia noctiluca are
able to cause local blooms. However, the appearance of Mnemiopsis leidyi in 2016 in
the northern Adriatic Sea represents one of the most important recent changes in
the jellyfish community of this sea. This species is today very abundant in areas of
the Northern Adriatic Sea.
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If there is a progressive “jellyfish joyride” in the Adriatic Sea, we should focus on two
species: Rhizostoma pulmo, which presents some blooms that are more and more
frequent since the beginning of this century in areas such as the Gulf of Trieste, in
particular in specific meteorological and oceanographic situations. This species
could be very abundant on the coast and significantly affects the fishing industry,
especially due to the damages caused in the fishing methods. Another species is the
ctenophorus Mnemiopsis leidyi, which shows blooms since 2016 in very important
fishing areas. The reasons of this progressive increase are unknown, and several
hypotheses are formulated: the habitat recolonization through an entry vector (e.g.
ballast waters), the introduction of a genotype very adapted to the colonisation or
environmental changes in the Adriatic Sea.

As for Mnemiopsis leidyi blooms, the main concerns are over the repetition of what
happened in the Black Sea in the last quarter of the 20th century, when
eutrophication or overfishing originated jellyfish blooms and, together with both
insufficient management measures and the lack of regional cooperation, anchovy
fisheries were collapsed, which are not recovered yet (Oguz 2017). However, this fact
did not take place any day now, but gradually. Fortunately, current conditions of the
Adriatic Sea do not predict a scenario like that observed for the Black Sea.

Jellyfish observations in the Adriatic Sea are supported by both academic
institutions through research projects and citizen science. The information on
blooms turns into initiatives, e.g. CIESM that belongs to the Mediterranean Science
Commission (https://www.ciesm.org/marine/programs/jellywatch.htm). The research
by the National Institute of Oceanography and Applied Geophysics has recently
become important because an application (avvistAPP) has been created to include
observations, thus stimulating citizen science (Tirelli et al. 2021).

Impacts on the fishing industry depend on the abundance of jellyfishes, so their
management strategies vary, from the simple repair of networks under low
abundance conditions to the abandonment of fishing grounds when the ecosystem
is irreversibly transformed (Graham et al. 2014). Costs in the fishing industry are very
significant. The amount of $327,773 has been estimated just in the northern sector of
the Adriatic Sea, as well as almost 90,000 of working hours lost (Palmieri et al. 2014).
For now, there are no estimates of the socioeconomic cost of jellyfish blooms on the
coasts of Croatia.

To address this problem, the collaboration between the fishing industry, scientists
and managers is crucial (Bosch-Belmar et al. 2021). For instance, the first sector
could inform port authorities on the presence of jellyfish in captures; the second one
could create long-term databases to understand the environmental conditions that
contribute to blooms; and the third one could develop strategies and action plans for
prevention, mitigation or adaptation.
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Finally, in the legal scope, works should be carried out to prevent introductions
through vectors, such as ballast waters, to improve the ecological state of seas and to
avoid overfishing. For this purpose, there are international or European tools, such as
the Ballast Water Management Convention, the Water Framework Directive or the
Marine Strategy Directive, that could be considered legal supports. However, the
question arises as to whether these tools are enough to face climate change, an
aspect that requires a global strategy and action for mitigation and adaptation.

The other side of the coin: ecological relevance and potential
beneficial uses of jellyfish

Dr Jan Dierking. Kiel University. Helmholtz Centre for Ocean Research Kiel
(GEOMAR).

As shown in this webinar, jellyfishes cause many negative impacts. However, the
question arises as to whether there are knowledge gaps in relation to their role in the
ecosystem, whether these blooms could beneficially be used, or whether their
fisheries are sustainably exploited.

Some studies have used techniques based on stable isotopes, optical methods or
DNA analyses to show the important role of jellyfishes in the trophic network of the
oceanic ecosystem (Sommer et al. 2002) as both predators of plankton and prey for
the ichthyofauna, birds or turtles, thanks to its easy digestibility, among other
characteristics. Some recent studies (Chi et al. 2021) have shown both the breadth of
the ecological niche of jellyfishes and the need for a more rigorous consideration of
the gelatinous zooplankton in the trophic models of the ocean.

As for their beneficial uses, it is worth reminding that jellyfishes are eaten in Asian
countries, such as China, and are the discovery source of a fluorescent green protein
thanks to which researchers received the Nobel Prize due to its application in
medicine. Moreover, there are many initiatives on the use of jellyfishes for
biotechnological innovations (cosmetics, medicine), innovations in blue economy (to
create filters for nanoparticles or microplastics) or innovations in green economy (in
food, feeding stuffs or fertilizers).

Lastly, some defend that jellyfish fisheries should be studied in detail given their role
in the ecosystem and the possibility that overfishing could imply unwanted effects
on the trophic network of the ecosystem (Brotz and Pauly 2017).

Citizen science-based protocols for the monitoring of marine
non-indigenous species and jellyfish blooms: the Maltese
experience
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Dr Alan Deidun. Faculty of Science. University of Malta.

Citizen science could be defined as a framework or platform through which citizen
are encouraged to participate in scientific activities with professionals and scientists,
so that not just useful information on natural environment is obtained, but also the
attention of environmental managers to a certain problem is increased. Some of

these platforms are aimed at science, but others are clearly focused on citizen
science.

The University of Malta coordinates three platforms on citizen science related to
current problems in the marine environment: invasive species, jellyfishes
(https://oceania.research.um.edu.mt), and microplastics. To encourage citizens to
participate, various channels are used, such as informative posters on the coastline,
social networks, mobile applications, brochures, websites or short videos in YouTube
(for instance, https://www.youtube.com/watch?v=7W00u_ugd2k).

The website on jellyfishes is related to predictive models, so the behaviour of an algal
bloom can be known after observation. Today artificial intelligence is used to
improve results (Gauci et al. 2019), and observation networks are encouraged in
various countries (Marambio et al. 2021). Finally, citizen science is crucial to get
information on invasive species or jellyfish blooms on the African Mediterranean
coast, where marine research has not been widely developed yet.

State of the gelatinous zooplankton research in the Baltic Sea

Maciej Mańko. Department of Oceanography and Geography. University of Gdańsk.

The Baltic Sea has experimented alternating periods of fresh and salt water in the
last 10,500 years. This alternation is today shown by the low average values of salinity
observed in this sea. On the other hand, the Baltic Sea is a shallow sea dominated by
thin sediments, so colonisation opportunities of the polyp phase of jellyfishes are
limited.

Salt water contributions are produced through the Straits of Kattegat and Skagerrak.
This aspect, together with the fact that the layer of fresh water floats on the mass of
salt water, results in a very marked gradient of salinity at a horizontal level, from the
most western part to the most internal northern part. Both the lack of mix and the
oxygen consumption due to oxidation in the organic matter imply that in the most
internal part there is a huge mass of hypoxic water whose size has increased
throughout the last decades.

Another problem is the high eutrophication of waters because of the entry of fresh
water, full of nutrients, from several rivers, such as the Vistula, the Neva or Oder,
whose waters run into this sea.
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Despite these characteristics, ctenophora blooms could take place in these waters,
especially due to the fact that the species of this phylum does not have a polyp
phase; that is, its entire life cycle is pelagic.

There are no experts to taxonomically identify ctenophora, thus implying that the
presence and abundance of some species have been reevaluating by using
molecular techniques (Granhag et al. 2012). The species described and studied
include those of the genus Euplokamis, Mnemiopsis leidyi, Blackfordia virginica,
Cyanea spp. or Aurelia aurita (Fig. 12). Nonetheless, the diversity of jellyfish species in
the Baltic Sea should be reevaluated in the next years.

Figure 12. Some jellyfish species in the Baltic Sea: Mnemiopsis leidyi (Ctenophora), Blackfordia
virginica (Cnidaria, Hydrozoa) and Aurelia aurita (Cnidaria Scyphozoa) bloom.

Mnemiopsis leidyi was first described in the Baltic Sea in 2007 (Huwer et al. 2008),
although its origin is uncertain. This species causes periodic blooms and presents a
high plasticity regarding its food because, according to the abundance of prey, it
could eat from mesozooplankton to its own larvae.

Blackfordia virginica is an euryhaline species observed in 2017 for the first time
(Jaspers et al. 2017). This species has been observed together with a very diverse
microbiome which includes pathogen strains of bacteria of the genus Vibrio and
Mycoplasma, thus increasing the potential of environmental impacts of this species
blooms.

Aurelia aurita forms periodic blooms around every five years, although its presence
is becoming more and more scarce. The reason of this reduction is unknown, but it
could be related to trophic interactions with other species or denso-dependent
processes in the benthic phase (Hosia et al. 2014). The environmental effect of this
species could be assessed by using the Hoffman index (Moller and Riisgard 2007),
which estimates the percentage of trawling fisheries that could not be completed
due to the weight of the network because of A. aurita.
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An aspect that arouses new research studies is the investigation of the origin of
polyps of true jellyfishes, studying how temperature could affect in winter or how
offshore wind farms could affect the coasts of Denmark, which provide hard
substratum to develop the polyp phase of species such as the Aurelia aurita (Janßen
et al. 2013).

An overview of jellyfish research in Brest

Dr Nicolas Djeghri. Laboratory of Environmental Marine Science (LEMAR). University

of Western Brittany.

Research studies about jellyfishes on the coasts of Western Brittany are limited.
Jellyfish observations are anecdotal, and the species described (e.g. Mnemiopsis
leidyi, Pelagia noctiluca, Rhizostoma octopus, Aurelia aurita, Chrysaora spp, Cyanea
spp.) do not present economic or ecological threats for now due to the exposition of
their coasts. Research studies conducted at the University of Brest have been
focused on the trophic ecology of Mastigias papua, a mixotrophic species of the
Pacific Ocean, and both stable isotopes and the content in oily acids have been used.
This species presents a high trophic plasticity, from a dominant autotrophy to a
exclusively heterotrophic behaviour (Djerghri et al. 2021).

Round table
The presence of Rhizostoma luteum on the coasts of Cadiz this summer was
addressed in the round table. According to Dr Prieto, these beached specimens have
been observed in previous years, but not in summer. The extraordinary aspect in 2021
has been that it has been observed in summer, thus implying a feeling of certain
alarm based on the comments and photographs published in social networks by
people on beaches.

The existing parallelism between the culinary use of jellyfishes and the increasing
macroalgal consumption was also mentioned. Dr Dierking said that there are
actually initiatives on jellyfish consumption given their nutritional qualities,
particularly because of its oil acids. The problem in Europe is that jellyfishes cannot
be commercialised for now as they are considered new food and a very restrictive
normative affects them. Moreover, edible species and fishery management are
widely unknown.

Dr Prieto was interested in the increase in Rhizostoma pulmo blooms in the Adriatic
Sea and asked whether the cause is the increase in a favourable habitat for the polyp
phase or the pattern of increasing temperatures. Dr Vidjak answers that blooms are
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increasing probably due to a set of factors: the increase in artificial structures
appropriate for the polyp phase, the temperature increase in summer, and the wind
action and circulation pattern in the northern Adriatic that move blooms to the
coast. However, due to northern winds, winter temperatures have been recently very
mild, so the effect of temperature on the polyp phase should be studied again.

On the other hand, there has been an interest in valuing jellyfish fisheries in Croatia,
but unlike in other Asian countries, today there are no legal tools nor regulation for
their commercial exploitation. Nonetheless, jellyfishes have not been included in the
diet of this country. Dr Prieto mentioned the need for evaluating current specimens
and the effect of their commercial exploitation on the global carbon balance in the
Mediterranean. In short, as Dr Kierking said, jellyfishes are a resource whose amount
or consequences have not been systematically evaluated. The possible uses and the
global importance of the reservoirs of the gelatinous zooplankton should be widely
studied. Dr Prieto reminded that these evaluations include not just true jellyfishes,
but also the role of ctenophora.

Dr Mańko also mentioned the great development of research on jellyfishes in the
Baltic Sea, although this information is very dispersed, thus implying to be reviewed.
Finally, Dr Djeghri stressed the importance of researching during the polyp phase to
know better the distribution, presence, and blooms of the pelagic phase, an aspect
which all participants agreed.
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SECOND SESSION

Panel 3. Coastal hazards associated with climate
change

Perspectives in the coastline of Cadiz

Initiatives to face coastal hazards at pan-European scale in
the context of
climate change.

D. Tomás Fernández-Montblanc. Department of Earth Sciences. University of Cadiz.

Coastline is the strip where most part of the ocean energy is released, especially
through swell. The combined action of wind, meteorological tides and storms are
damaging this strip in the form of erosion or floods.

In Europe, around 250 million people, over 40% of the total population, live at less
than 50 km from the coast. In this strip there are not just ecosystems providing high
value ecological systems, but also a set of infrastructures related to population that
could be affected by these extreme coastal phenomena.

Coastal floods are among the natural hazards that strongly influence economy and
environment. In particular, meteorological tides increase the sea level in an
anomalous way and move the energy of swell to the coast; this is the reason why
they are considered the major responsible for coastal floods. Because of these
threats, robust prediction tools should be developed to help managers in the
decision-making about how to deploy resources on the coast and how to act in
emergency situations.

Fortunately, these extreme events, such as the Xynthia cyclone in France in 2010 or
the Xaver cyclone in United Kingdom in 2013, are unusual. Thanks to the analysis of
these episodes, there is more information on how the components of the sea level
(tide, swell, and the annual cycle of the monthly average sea level) behave, and
high-resolution predictive models could be improved in the coastal environment
(Fernández-Montblanc et al. 2020).
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In the next years, it is expected that not just population and activities increase on the
coastline, but also coastal hazards from climate change: a relative sea level rise and
the alteration and variation of time-space patterns of storms. As for the sea level, the
predictions made by the intergovernmental group of experts on climate change
(IPPC 2021) and based on various scenarios indicate a relative sea level rise in all the
seas in Europe, except in the Baltic Sea. These predictions are being adjusted
according to recent studies that include the effects of all the components related to
the sea level (Vousdoukas et al. 2016, Muis et al. 2020).

As for swell, the most recent estimates on the extreme flow of wave energy indicate
both a decrease in the northern hemisphere and an increase in the southern
hemisphere by 2050 (Mentaschi et al. 2017). However, other predictions in Europe
indicate a significant increase in the annual maximum wave height (Bricheno and
Wolf 2018), thus showing the uncertainty of local predictions regarding magnitudes
and trends.

To face current challenges against climate change, some initiatives have been
developed at the pan-European scale. This is the case of the ANYWHERE project
(http://anywhere-h2020.eu), which implemented for the first time an early warning
system to identify the location of these coastal large-scale threats and hazards to
improve the response and coordination of both society and civil protection agencies
against extreme coastal events (Fig. 13). The tool was integrated in a multi-warning
system that includes other hazards related to climate change (droughts, fires,
storms, etc.).

Figure 13. Main webpage of the ANYWHERE project and output of the model of the level of
the meteorological tide for the extreme case that took place due to the Xaver cyclone in

United Kingdom in December 2013.

As for the tool designed for meteorological tides, a circulation model (SCHISM) and a
wave model (WWMIII) were implemented through a badly-structured mesh to
increase the resolution of the coast in the prediction of the total sea level (Roland et
al. 2012). Moreover, the system includes the index of danger degree established
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based on the relation between the total sea level predicted and the extreme levels
recorded in previous extreme events.

A recent project, ECFAS (https://ecfas.eu), is going to implement as a concept proof
an integrated warning system for coastal floods, which will be included in the
Copernicus Emergency Management Service. Furthermore, the project will integrate
information of the result of the oceanography models with coastal exposition and
vulnerability to assess flood impacts.

To conclude, the total sea level is the result of the relative increase in the sea level,
the astronomical tide, swell action, and the meteorological tide. Thus, when
analysing coastal hazards, it should be considered that there is a high uncertainty in
climate projection, especially in relation to extreme events, since current predictive
models are developed at a great scale, have a low resolution, and do not usually
include the non-linear interaction of processes. Robust prediction tools should be
generated to integrate these processes.

Coastal hazards associated with climate change

Dr Theocharis A. Plomaritis. Department of Applied Physics. University of Cadiz

As previously mentioned, unusual events, but of great impact, have recently taken
place, such as the Katrina cyclone in New Orleans (USA; 2005) or the Xynthia cyclone
in France (2010), resulting in huge material and human damages on the coast.

The frequency and intensity of these threats have increased due to the changes in
storms, together with sea level rise. Consequences include the increase in the
number of people in Europe exposed to coastal floods (Vousdoukas et al. 2018), thus
increasing damages in infrastructures and people, estimated up to 3 magnitude
commands by the end of the 21st century. This coastal flood hazard will be increased
by climate change. Coastal hazards could be reduced by adapting measures for
climate change. However, costs will be greater if average temperatures of the planet
keep increasing.

It is crucial to distinguish between threat and hazard (Fig. 14). A threat or a hazard
probability is the result of a source or physical forcing, as well as a pathway for such
source. For instance, in the coastal environment, a hazard source is the sea, as its
level could increase due to several causes, and the pathway of such source could be
a beach, which could be defended by a dock, a dune field, etc. The consequences of
this threat are produced in the receptor, which includes those suffering the hazards
or damage (people or infrastructures). It is worth stressing that if there is no receptor
in the affected area (insignificant infrastructures or ecosystems), the hazard is
considered minimum.

36



Figure 14. SRP (Source-Pathway-Receptor) model to analyse floods. Taken from
www.floodsite.net.

In the coastal environment, the combined action of coastal vulnerability, weather
including extreme climate events, and the exposure degree to the coast conditions
the disaster risk. This risk requires appropriate management and adaptation to face
climate change.

Reducing the risk through adaptation implies re-evaluating the strategies for coastal
disaster risk reduction, thus requiring also prevention (e.g. a dock), mitigation (e.g. no
buildings in vulnerable areas), and the preparation degree (e.g. a well-developed
early warning system, a good civil protection system).

The Mediterranean climate of the Gulf of Cadiz is influenced by both the
Mediterranean Sea and the northern Atlantic Ocean. Swell shows a seasonal pattern,
with values greater than the average wave height in winter, and minimum values in
summer. The threshold for storms is between 2.5 and 3 m of wave height (Del Rio et
al. 2012), but 7 m of height are reached. The tide range reaches 3 m, whereas
meteorological tides reaches up to one metre height. The last big storms from the
mid of the 20th century have come from the south-east to north-west. The
year-on-year analysis of the maritime climate of the Gulf shows a good correlation
between negative values of the atmospheric index North Atlantic Oscillation (NAO)
and a greater storm (Plomaritis et al. 2015), resulting in a greater water accumulation
on the coasts. The confluence of a strong swell and a high tide coefficient implies a
high probability of important coastal risks, in the form of both erosion and flood.

The province of Cadiz is the most complex and diverse region of the Gulf of Cadiz
from the oceanography, climate and geomorphology point of view. It presents
various orientations (NW-SE and NNE-SSW) and extensions of the continental
platform: it is wide in the area of the bay of Cadiz and very narrow towards the bay of
Algeciras.

The coast could be divided into three different sectors: the Atlantic sector, where
there are long sandy beaches such as marshes and long tidal ranges, the sector of
the Strait of Gibraltar, with the lowest tidal range and bidirectional east or west
winds, and the Mediterranean sector, where there are hardly tides. However,
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considering the hydrodynamic forcing and the current limitation of predictive
models on climate change, the province could be divided into an Atlantic side and a
Mediterranean side. In the former, climate change projections show a slight
decrease in the swell energy, as well as in both meteorological tide levels and
extreme sea level situations. However, storm return periods could be increased. In
the latter, projections suggest an opposite pattern: an increase in both the
meteorological tide level and extreme sea level situations and a decrease in the
storm return period. Forecasts, according to the scenario considered, reach in 2100
an average sea level rise over a half metre in a high greenhouse gas emission
scenario (RCP 8.5).

There is a similarity between time and space processes: in general, greater space
processes take place at greater time intervals. However, this is not an obstacle to
perform analyses at a local scale because, as mentioned above, coastal risks depend
no just on threats but on social, economic and ecological factors.

Several research studies are being conducted at the University of Cadiz to assess
the erosion or accretion rates on the beaches of the province (Del Río et al. 2019),
thus determining the situations in which a kind of action would be required (Fig. 15).
For this purpose, techniques including data acquisition on-the-ground, monitoring
through cameras, aerial photographs or numerical models are used. Analyses focus
on specific beaches in the province, such as Valdelagrana spit-barrier or the beaches
in the city of Cadiz or in the bay of Algeciras (Puig et al 2016), and show that, even at
a small scale, the evolution of beaches could vary because of climate change effects.
Moreover, in cases such as the bay of Algeciras, human interventions from the end of
the 20th century in the Port of Algeciras have modified the natural erosion or
accretion trends of beaches. For this reason, future projections should consider both
climate change effects and human infrastructure effects on the coastline.
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Figure 15. Changes recorded on the coastline in the last 60 years (1956-2016) on beaches and
dunes in the province of Cadiz. Taken from Del Río et al. 2019.

The variation of the coastline in the province could be estimated under various scenarios
(Vousdoukas et al. 2020); however, local decisions cannot be made in these large-scale

scenarios, so the need to address predictive models at the lowest scale as possible for an
effective management is again emphasized.

Figure 16. Projection of the variation of the coastline in the province of Cadiz under a high
greenhouse gas emission scenario (RCP 8.5). Figure 16 shows erosions or accretions exceeding

100 m. It was created based on Vousdoukas et al. 2020.

To conclude, climate change impact on the coast could significantly affect coastal
environment. Coastal threats and risks usually take place in particular points, so
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parameters and processes at a medium and small scale should be considered to
evaluate them appropriately. For this reason, data availability with an appropriate
time-space resolution is a key factor for accurate risk projection. Finally, the future
socio-economic development at a local scale should be included in the analyses,
since physical forcing is just a part of the equation.

Compared perspective in the SEA-EU Universities

Numerical modelling and laboratory experiments to study
seawater intrusion in coastal water systems.

Dr Veljko Srzic. Faculty of Civil Engineering, Architecture and Geodesy. University of
Split.

A case study on salt water intrusion in the south of Croatia is presented. In particular,
the area is close to the town of Ploče and near to the mouth of the Neretva river. In
this area of agricultural fields, inhabitants are close to 30,000, from which 70% work
directly or indirectly in relation to farms.

Numerical models and laboratory experiments have been carried out to study the
effects of salt water intrusion through the river on the sea level rise. First, field data
should be obtained for modelling. For this purpose, a geophysical research was
conducted, thus acquiring information of the seismic reflection through soundings,
trial pits of sediment, and ground profiles. For the three-dimensional model, the
boundary conditions of the seawater (salinity in two periods of the year) were
established, as well as sediments and water entries through both the Neretva river
and its channels. Moreover, the model was calibrated with field data of salinity and
conductivity.

The model has predicted salt intrusions in most agricultural fields. However, salt
water intrusion could be significantly reduced by adopting protective measures
(floodgates in specific points).

The modelling has been completed with a laboratory study, using a flow tank to
simulate the transport and mix through advection, dispersion, and buoyancy of two
layers with various densities (a layer of both fresh and salt water). The behaviour of
the mix of the two layers under various conditions could be studied by using a dye
that identifies the salt water layer. This experiment was completed with a numerical
model which included possible correction and protective measures to reduce the
mix degree.
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Coastal hazards associated with climate change on the southern
Baltic coast
Dr Aleksandra Dudkowska. Physical Oceanography Division. University of Gdańsk.

In the Gulf of Gdańsk, coastal flood and erosion are two important hazards related to
climate change. This is a metropolitan area, with a population close to one million of
inhabitants. The city of Gdańsk is in an area which could suffer from a flood risk from
the sea every 100 years and, according to the National Water Management Authority,
most of the Poland coast could suffer from this type of floods.

Four types of coastal morphology could be described on the Polish coast: cliffs,
dunes, alluvial plains, and anthropized coasts. The last one is constituted by
structures (e.g. harbours) and coastal protection works (e.g. docks, jetties) that
occupy around 70 km of coast.

Another characteristic of the Poland coast are dune fences, which protect coastal
lagoons or marshes and cover around 32% of the coastline of the country. The most
known dune fence is the Hel Peninsula, a fence of 36 km which is relatively flat and
very prone to erosion. This peninsula is identified as one of the first places where
population should be moved due to climate change. Around 100,000 m3 of sand are
annually placed to counter the erosion of the fence. However, this could be
insufficient according to the forecasts of sea level rise and storm increase. This
erosion affects most of the Polish coast, which should be protected by coastal
protection works (Fig. 17).

Figure 17. An example of coastal protection works: construction of mound breakwaters and
placement of sand on the beach.

41



Climate change effects on the Polish coast has been rigorously assessed (BACC
2008, BACC 2015). Recently, Meier et al. (2021) summarised the foreseeable climate
change effects in the region of the Baltic Sea:

- An air temperature increase is expected in all seasons. Extreme temperatures are
expected in both winter and summer, thus implying a greater instability in coastal
areas.
- Seawater surface temperature is expected to increase by 2 ºC in the southern area
of the Baltic Sea and by 4 ºC in the northern areas.
- A significant decrease in sea ice cover is expected, thus increasing the exposition
to hydrodynamics forces in winter.
- An average increase of 10 cm is expected in meteorological tides, without
considering the sea level rise at a great scale or the placing of the platform in areas of
the Baltic Sea.
- A sea level rise between 0.26 and 0.82 m is expected by the end of the 21st century.

Another recent study based on facts proved by the scientific community (Ahola et al.
2021) shows some climate change effects in the area of the Baltic Sea: a decrease,
both for the seasonal period and extension, in the marine area covered by ice; the
uncertainty of changes in the atmospheric circulation over meteorological tides; the
difficulty of predicting the behaviour of atmospheric storms given the great natural
variability of the Baltic Sea; or the lack of significant changes in the tide height due
to this long-term variability. It should be considered that the atmospheric index of
the North Atlantic Oscillation in the Baltic Sea is responsible for 85% of the variability
of sea level anomalies.

Moreover, the decrease in the ice cover and the sea level rise could affect offshore
wind farms, which are very important to reduce climate change and to increase
coastal erosion. It is true that climate change and sea level rise are currently out of
the control of mankind, but some factors that run the current dynamics of the
coastal area have usually been the result of inappropriate coastal investments. For
instance, structures perpendicular to the coastline (e.g. jetties) constitute artificial
barriers that stop the natural sediment flow. Moreover, adopting hard solutions to
protect the coast in areas where it is not necessary alter the cyclical position
processes of the coastline, thus avoiding the replacement of the sediment flow.

The Baltic Sea experienced strong warming throughout the 20th century (around
0.05 ºC/year), resulting in changes, such as the increase in run-off waters in winter
and the respective effect in the salinity of this sea, and the decrease in both the
thickness and presence period of the sea ice layer. An atmospheric temperature
increase between 3 and 5 ºC is expected by the end of the 21st century, as well as an
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increase between 2 and 4 ºC in the sea surface temperature and a decrease between
50 and 80% in the area of the sea ice layer (Philippart et al. 2011).

In conclusion, as the threats on the coasts of Poland are known, main efforts should
be focused on creating local monitoring and prediction systems for the threatened
areas. Finally, one of the most important tasks is both education and integration of
knowledge on these threats in relation to local decision-making systems (e.g. space
development plans).

Adaptation to sea-level rise in the Mediterranean: hard protection
or retreat?

Dr Athanasios T Vafeldis. Institute of Geography. Kiel University.

The coast of the Mediterranean Sea is among the most populated marine spaces.
Moreover, there are conventions in the region on integrated coastal zone
management (ICZM) that come from the Barcelona Convention, an example of
collaboration among countries with very different political systems. This convention
has not been implemented enough.

This analysis aims at assessing both long-term flood and coastal erosion risks at a
regional level in the Mediterranean Sea and the efficiency of various adaptation
measures to reduce impacts.

The methodology of the analysis is based on the DIVA modelling tool (Dynamic
Interactive Vulnerability Assessment;
https://climate-adapt.eea.europa.eu/metadata/tools/dynamic-interactive-vulnerability
-assessment-model-diva), a framework to assess the impact of the sea level rise in
coastal areas at a global regional scale. DIVA includes four sea-level rise impacts:
coastal flood and submersion, coastal erosion, change in wetlands, and salt water
intrusion in rivers. The DIVA tool includes climate scenarios, relative sea level rises by
considering the subsidence or the ground survey, socioeconomic scenarios, and
adaptation strategies (Fig. 18). Adaptation strategies include dock construction,
removal from the coast, domestic adaptation, and the placement of sand on
beaches.
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Figure 18. Flow diagram of the DIVA modelling

To implement the model, the coast of the Mediterranean has been divided into
12,000 units, with an average length of 4.5 km (Wolff et al. 2018). This segmentation
combines different parameters: population density (rural or urban), administrative
limits, coastal morphology (rocky, sandy...), and the existence of rivers or deltas. This
database is complemented by up to 158 parameters based on the characteristics of
natural or socioeconomic subsystems.

DIVA considers both the population receiving a coastal threat under various
scenarios (thus adding uncertainty to the outputs of the model) and the coastal
morphology thanks to the database of coastwards.org. The model predicts both the
annual cost of the flood effect and the number of people affected (per country)
under various greenhouse gas emissions scenarios, without adaptation measures for
climate change or with various measures adopted.

The goal is to look for an adaptation way for the different segments, in collaboration
with the various actors at any time and under various sea level rise situations. There
are complex cases, such as the places that are part of the UNESCO World Heritage,
that would require a more complex solution.

The following messages for managers are stressed:

- Mediterranean countries need facing sea level rise. Inaction will lead to huge
impacts, particularly under the worst sea level rise scenarios.
- In general, the combination of dock protection and the removal towards the
interior in unprotected areas seems to be the best option at a regional scale, always
keeping in mind that each case should be independently studied.
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- Current regional developments and coastal planning should be assessed to face
the possible sea level rise. Where it could be possible, future developments should
be carried out far from the coastline.
- Efforts should be focused on both the integration of ICZM protocols in the national
legislation, with a particular reference to their application in withdrawal areas of the
coast, and their effective implementation/application in all Mediterranean countries.
- Sand availability and the loss of beds of this resource could lead to early turning
points for the decision-making.

Round table
First, Dr Plomaritis comments the actual problem of the need for sand and the need
of both implementing a regional management and planning at a local scale. The
top-down approach, that is, in descending order, is crucial to achieve goals.

Dr Montblanc asks whether it is possible to apply models in the Mediterranean
considering the disparity of information existing depending on the country or
region. Indeed, Dr Vafeldis comments that DIVA’s goal is searching comparable
results for each country according to the best information available. Actually, this
type of models does not work at a local scale. Croatia has made an effort to apply it
at the lowest level, but even in that position, other approaches, such as
hydrodynamic models, should be used at a local level. The best strategy is to test and
to combine various tools and scenarios, as well as adaptation ways for climate
change. Even being aware of the limitations of the models, risks on the coastline
could be significantly reduced.

Dr Montblanc asks whether it is possible to include complex adaptation measures as
solutions based on the nature of DIVA. Dr Vafeldis answers that they are working on
adaptation measures for wetlands, including the possible withdrawal from the coast.
Nonetheless, he comments that precautions should be taken when interpreting and
valuing the results of the models and that nonsense solutions should not be applied,
but solutions based on an accurate knowledge of the coastal conditions.

Dr Plomaritis asks the origin of sand in the Baltic Sea. Dr Dudkowska indicates that
the main source in Poland are sand underwater deposits that are extracted when
infrastructures are built. However, as Dr Vafeldis indicates, in the Baltic coast of
Germany, sand comes from the North Sea, but the transport cost is very high. It is
also asked whether sand recirculates among cities, as in the Gulf of Cadiz, where
sand is extracted from the Trafalgar Cape to take it back to more western cities again
and again, thus saving costs. In Poland, it is true that sometimes the sand placed on
the beach is lost, and it must be taken from the aforementioned beds. Another
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option considered in countries such as USA is the breakage of dams to restore
sediments that were blocked. However, this option in the Gulf of Cadiz is unfeasible
due to both the negative water balance in basins and the need of maintaining dams
for their storage.

The discussion is also focused on the possibility of combined effects of
meteorological tides, rainfall increase, and river clearance in relation to the
possibilities of flood increase in the Baltic Sea, both in the Polish and German part,
stressing the uncertainty of the forecasts according to the huge complexity of the
system.

Dr Plomaritis aks about the loss of surface ice in the Baltic Sea, if this fact affects
other parts of the North Sea. Dr Dudkowska says that, in the south of the Baltic Sea,
there is sometimes a fragile sea ice layer that even so protects the coast from storms.
However, the presence of this layer is decreasing in recent years.

Finally, Dr Plomaritis stresses the importance of atmospheric climate indexes, such
as NOA, as they correlate not just with storms and the effects on coasts, but with
jellyfish blooms. The year-on-year variability of these indexes is essential to assess
climate change effects on all European coasts.

Closure of the session

The session is closed by Dr Fidel Echevarría, General Coordinator of the SEA-EU
Alliance, who stresses the usefulness and interest in the webinar, particularly due to
the compared analysis between the partners of the SEA-EU consortium. The webinar
has been both the first collaboration with the Cadiz Provincial Council, a body that is
one of the associated members of the consortium, and undoubtedly a good example
of how future collaborations should be.

After thanking again all organisers and those present, the webinar on “Global
change and its effects on our coasts” finishes.
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Conclusions

Both algal and jellyfish blooms and coastal hazards are examples of phenomena on
the coast clearly influenced by global change. The universities of the SEA-EU
consortium share this concern, and therefore administrations and the scientific
community should pay attention to them.

Panel 1. Algal blooms in the context of global change

- Algal blooms on the coast could significantly affect the capacity of coastal
ecosystems to provide ecological services related to provision, regulation or culture,
with very important ecological, economic or social consequences. The most extreme
case on the coasts of Cadiz is that originated by the brown alga Rugulopteryx
okamurae.

- The major causes of macroalgal blooms are well known, particularly those related
to invasive alien species. The main impacts on coastal ecosystems depend on many
factors (e.g. geographic scope, season or characteristics of the receptor ecosystem),
so impacts should be analysed independently in each case.

- Predictive models are great tools to develop early detection systems. These models
will be improved by using technological innovations based on remote control
systems.

- Macroalgal blooms should not necessarily be considered as something negative.
Positive effects have been described in some cases, such as the increase in the
primary production or in the complexity of the habitat. Even it is possible to promote
the use or exploitation of the species. However, the ecological, economic, legal and
social implications of exploitation should be considered, addressing each case
independently.

- Rather than eradicating invasive macroalgae species, something that is virtually
impossible in the marine environment, we should learn to coexist with them.
Nonetheless, prevention is always better than cure, so administrations should control
and manage them from the source problem through early detection systems.

- Experts in biology and ecology should be trained in relation to the invasions in the
marine environment, so that studies could be completely carried out: from the
taxonomic identification to the modelling or knowledge of the possible use of
species.

47



Panel 2. Jellyfish blooms in the context of global change.

- Jellyfish blooms should be widely managed, including species of the various phyla
or taxonomic classes.

- In relative terms, the media (press and television) pay more attention to jellyfish
blooms than to, for example, fisheries, thus leading to a biased perception for society
regarding their current importance.

- The scientific literature has shown that in general there is no increase in the
abundance of jellyfish blooms, although there are clear examples in which the
increase in these blooms is well documented.

- Citizen science and artificial intelligence are two useful tools to monitor and
observe globally the various species of jellyfishes, in particular in regions where the
scientific activity is not widely developed.

- There is a legal framework in the European Union to manage and monitor jellyfish
blooms. However, there are gaps of knowledge regarding the way of including
climate change in the whole image.

- The other side of the coin should be explored, i.e. the positive and potential effects
of jellyfish blooms, in particular their exploitation to implement biotechnological
innovations (e.g. cosmetics), blue innovations (e.g. filters for microplastics) or green
innovations (e.g. food); however, it is proven that these possibilities are not widely
developed, nor the global consequences or legal tools for such exploitations.

- Jellyfish biology and ecology should be widely studied, particularly the polyp phase.
For this reason, experts should be trained to perform new research studies on these
gaps of knowledge.

Panel 3. Coastal hazards related to climate change.

- Climate change will increase coastal hazards due to the relative sea level rise. Thus,
foreseeable effects, as well as the effects of meteorological tides, the changes in
time-space patterns of storm events or the increase in the population living close to
the coastal,should be seriously considered by the various actors and administrations
involved in management. It is therefore crucial to advice managers and to integrate
knowledge on these threats in the territory development plans.

- The main coastal risks in all the regions studied are erosion and floods. However,
other risks (e.g. aquifer salinization) could be very important in particular areas with
specific socioeconomic characteristics.
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- Robust decision tools should be developed to assess coastal risks at a national,
regional and local level to be useful for managers. These tools include European
initiatives and projects, such as DIVA, ANYWHERE or ECFAS, to represent maps of
flood zones and to predict the future impact of possible floods. However, there is still
a notable uncertainty at a small scale in both climate projections and resolution of
numerical models. For this purpose, the availability of time-space data at such scale
should be increased. In this regard, socioeconomic development and infrastructures
related at a local level should be included in the analysis, as the climate component
is just a part of the whole image.

- Administrations should accept that inaction against these events will lead to
significant socioeconomic and environmental impacts, particularly under a sea level
rise scenario. Future developments on the coast should include strategies based on
the integrated coastal area management, including the distance of the coastal strip
as an option, when it is possible.

- Beach regeneration is stressed as a green solution to tackle erosion and flood risks,
but the lack of appropriate material (mainly, sand) could limit the application of this
measure.
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